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‘ABSTaAcr | L

-.On exposure to phorbol 12- mynstate~13 aejetate (PMA) the mouse T lymphoma,

cell line EL4 begms to secrete a number of lymphokmes which act on T and B

lymphocytes The first: part of. thls work demonstrates that in EL4 cells the

PMA-mediated mducuon of lymphokme mRNA's codmg for mterleulcm 2 (IL2) and .

| colony . snmulaung factor for ganulocyte macrophagcs (GM- CSF) is sclccuvely
“blocked i in the presence of the immunosupn:ssnve agent cycIOSporm A (CsA) ln the

second part qf tlus study, a numbej of cDNA clones contauung sequences whxch are

in uced by PMA in EL4 cells’ wereusolated by usmg -the method of subtracuvex

ybridization, both to cfone a subtracted CDN\A hbrary (ennched for PMA-induced
sequences) and to generate subtracted cDNA bes Of thc 136 md1v1dual clones

isolated, about 75% cgntmned esscnually the same sequence which is derived from the -

env and 3'LTR reglon of mouse mamﬁmry tumor wms(NMTV) Tlus PMA- mdumble‘
MMTV transcnpt s blocked in the ptesl,nce of CsA a¥d cap labcllmg expenmcnts

demonstrate that the transcnpt tmuates w1thm the env reglon of the prov1rus Sscvcral' -

other PMA-mducxble sequences occuned at a much lower t‘mquency (1-5clones in the
group of. 136 clones) Sequence analysxs allowed the 1denuﬁcauon of three of thcse,
mcludmg mouse IL2, mouse carbomc anhydrase I, and the precursor protem for

mouse chondromn sulfate. 'I‘he expxesstonvof the latter two uanscnpts was unaffected '

by CQA Ftnally, a PMA- mductble sequence was characterized wluch could not be

- found in the lxterature The mRNA has a charactensuc 8 base sequence in: the 3

' untranslated regton whxch suggests that lt may code for a new lymphokme or growth

:factor (th?secreted ,protetn 1s about 115 ammo actds in length) Thls transcnpt is

E supennduced' in EL4 in the presenqe of PMA and CsA and 1s also mduced in another‘ :
- helper Tocell lme followmg mxtogen acnvauon The cDNA was placed in an $V40 o
‘ : derwed expressxon vector and transfected mto COS monkcy cells, and the resultmg_-

. ’:product was tested for btologtcal acuvny in 2 number of.ln vuro 1mmunolog1cal assays

C \
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ABBREVIATIONS AND DEFINITIONS .

—
A-5m: , -a gcl mcdxa for exclusion chmmatogmphy (Blo-Rad)
Antibody: an inmraunoglobulin molecule capable @bindingina - -
: specific fashion to a known molecule (antigen). Voo
Antigen: - a molecule which can be recognized specifically by the

immune system, the recognition of which' -
stimulates an immune response. * &

- T . -

AUG: | *_initiation codon for translation of mRNA.

B cell: €A one of two major classes of lymphocytes, which have
_ immunoglobulins on their surface, and respond to” .
— antigen by differentiating into antibody producing cells.
BCDF: B cell differentiation factor. y
BCGF: = B cell growth factor. S
BRL: - Bcthesda Rescarch I.abc}moncs (company).
BSA: | ) bovmc scrumalbumm C : ‘v
BSF-1: : B ccll'sumulatmg factor- one.
7. C3H: an inbred strain of mice; alsorcfcrstoasumndfMM’I’V ‘
: _ isolated from these mice.

~ Cap: L the structure at the 5' end of cucaryotic mRNA addcd after
- , ' transcription; the structure is "MG*ppp> Np.... |

Cascadc hybndx;auon ncpeawd cycles of subu'actxvc hybnduauon.

.

| cDNA. " complementary deoxyribonucleic acid; DNA which has
. *  been copied from messenger RNA ysing thc enzyme.
- TEVETSe transcnptasc |
o CHX A '. 'cyclohexumdc, a compound ‘which mhxbns protcm ‘
o ) | synthesis.. . y .. <
el ‘ | the gene whxch codes for the mpressor protcxn of phagc

lambda; mutarts in this gene cannot maintain lysogeny
and always enter the lytic cycle to produce a clear plaque

ConA:. '} .‘concanavalmA-aplantlec\mnwhlchxscapableof

" stimulating T-cclls to pmhfcratc and dxfferennatc
COScells © * amonkey fibroblast cell line which has been cntly
o S otJSV and\ |

tmnsformed by an ongm-dcfecuvc mutam

‘ xyii‘



- CsA:

CSF:

| Differential gene:

DMSO:
dNTPs
ds cDNA:

EDTA:
ED30: '

E.L4.E1:Q B ,

env-;

FCS
, G‘SOF:‘

 GMCSF

.factor is applied asldcscnbed by Britten et al.."(l974).'

| dithiothreitol. <

5

thus constantly expresses the SV4O large T anngcn

. (Gluzman, 1981) L : K

concentration of DNA (molcs of nuclcondw per liwe)
multiplied by the tine (in seconds) that the reassociation
reaction has taken place. Standard reaction conditions are
25‘ C below the melting temperature, with neutral - .
hate buffer at" 0.12 M, monovalent cation at 0.18 M.
er salt coficentrations and temperatures a correction

| countspcrrmnute L i

cyclosporin A-a cychc undecapcpudc 1solatcd from ..
fungal extracts which has imnmnosuppresswc propcrucs

colony—snmulanng factor; a growth factor which causes

- colonies to grow from bone marrow cells in vitro.

cytotoxic 'i‘-lymphocytc.
a DNA sequcncc which is cxpressed as ‘mRNAat. - - .
significandy dlffcrcnt lcvcls when two cells are compared
dimeghyl sulfoxxdc |

the four common dooxynuclconde tnphosphatcs (G AT, C)

-

double stranded cDNA. )

~
Lo -

ethylcﬂsd@nnncmaccnc acid.

the amount of [L2 whxch causes 30% of thc maxxmal
response ina glvcn bxoassay is defined as 1 ED30 umL

" a subclone of the cell mouse cell line EL4 which was
- selected for its ability to produce high levels of IL2 after -

PMA stimulation; used for all the experiments descnbed in

this thesis, (oﬁen called smply EL4). ‘
g I&m g;nc which codcs for the cnvclopc glycoprotcms |
fewlcalfseom. .~
o sephgdex ‘350“@00 (Phaxmacm), gel medla for cxcluslop

chrommgmp Y-
S granulocyw macmphage colony sumulatmg factor

witi



ru IL2, IL3, 1A
| JEH.BB

kb:

~ “lambda gt10:

LTR:

lymphokines: .

g. MTL282 i

"mtcrlcukmsl 2,3, and4

" molecular wcrght (relanvc)

o New England Nuclear (company)
o _ “namural lnllcr ccll. '

an inbred strain of mice; also réfers to a strain of mouse
. IAMMALY wmor virus (MMTV) 1solated fmm these mice.

hydroxyapautc used for chromatography to separate
double stranded fmm single stranded nucleic acids..

——

an E. coll gene, the product of wluch controls the stablhty

of cIl. cIlisin tum a positive activator for cI synthesis, so

that deletion of the AfIA gene enhances clI stability,
resulting in the stimulation of cI synthcsxs anda hxgh
frequcncy of lysogcmzauon | ,

: e

subclonc of the human T—lcukcrrna cell line J urkat sclectcd

~ for its ability to produce IL2 in the prcscncc of Gon A and
- PMA_ ‘

Y

lnlobase or 1000 basc pmrs of double strandcd DNA.
lymphocytc acuvawd Kkiller cell. . S

. a phage derived from lambda, whlch has a smglc Eco Rlin

the ¢ I gene; often used as a cloning vector, particularily for

" cDNA libraries; can accept DNA fragments from 0 to ~7 kb.
| long terminal repcar, a scgmcnt of DNA which i is rcpcated at

each ond of the proviral form of a retrovirus.” "

~ soluble glycoprotcms secreted by lymphocyg/‘ which havc a
" bjological effect on othcr cells (lymphocytcs or othcrwx!c)

‘ fmesscngcr aﬁimty papcr

rmlhon oounts pcr mmutc

"‘vmajorhlstocompanblhtycomplcx. I o

- rouse mammary tumor, virus, a retrovirus assocratcd wuh |
v'mammary and other tumors' in nncc

g

K
o

: mcssengcrnbonuclercacml. L - |

mouse 'I"-ccll line that pmhfcratcsm thcprescnoc oflL2
.+ . used to-assay y for IL.2 (mousc or human), dcscnbcd by
e vBIeackley etal (1982) v
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PBS:
chXV 3:

PDGE:

‘ Plus-minus, f, .

“Poll: ~
- Poly A+RNA:

o
‘
, :

" Rot -

- RT:

' SDS:‘;
SSC:

,"“sscDNA

Subtracdve
hybndlnuon: .

" §VA40:

)

nonionic detergent. -

10 mM Tris-HC1 pH 75,10 mM MgCL,, -

phosphanc buffcmd salme, pH 7 2

an cucaryouc cDNA expmsxon vector; u'anscnpnon of thc ‘

inserted cDNA is from the SV40 carly promoter, and an
. intron in the 5" untranslated region and a poly A addition
‘signal are also included from SV40; also contains the SV40
" origin of replication and therefore replicates cplsomally in
COS cells (Miller et al., 1985) ‘

— .

platclct dcnved growth factor.-

a mcthod of screemng for scqucnces wh:ch are prcsent in
one set of mRNAS but absent from anpther, based on the
dxﬁ‘crcnual hylmdwanon of two scparatcly prepared probcs

phorbol-12-mynstatc- 13-acctaw a phorbol diester .
compound capable of acnng as a tumor promotmg agent. .

the ¢ enzyme DNA polynmasc 1(E. coli. ).

cellular RNA enriched for mRNA by affinity |
cln'omanography over ohgo-dT cellulose or mAP paper.

tissue culture medium’ contmmng RPMI 1640, hepes buffér,
2-mcrcapnoethanol. and fetal calf serum (Chaptcr .

‘conccnuauon of RNA (moles of nucleotides per lire)s

mulnphed by the time (in seconds) that the hybnduatmn @ .

~ reaction (RNA with cDNA)has taken place. Standard -
- reaction condmons are as descnbed above for COt.

| 'meenzymemvmcuanscnptasc. o
' 'sodmm dodecyl sulphatc .

150 mM NaCl 15 mM sodmm cm'ate pH7 0

' smgle stranded cDNA

hybndlzanon of mRNA to cDNA followed by scparanon B

- of double stran&d maucnal ﬁ'om smgle strandcd matenal
| smnansatcomawrus,amuchsmdxedDNAmmorvmls |
thme invariant polypepudc chams whxch are associated thh o

., the T-cell antigen receptor; recognmdbyamonoclonal
. anubodyofthesamename. ‘

r“
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T4: ‘

* Tcéll: . -
- TdT:
Thalassemia:

Tris-HC:
Vnx:

a glycoprotein expressed on the surfacc of hclpcr T cclls
mccntly renamed CD4, . L
- .

. a glycopmtcm expressed on thc surface of cytoto:uc and "'

supressor T cells, reccntly renamhed CD8.

one of two major classcs of lymphocyncs derived from thc
thymus and eapable of recognizing anugms in combmauon

.wnh sclf MHC molecules,
- the cnzymc ncrrmnal uansfcrasa

10 mM Tns-HCl 1 mM EDTA.

~

a hcredltary disease characterized by abnormally low .
syntheis or-absence of one or more hemoglobin po‘lypepude '

: . chains; named accotdmg to thc cham mvolved
s (hydroxymethyl) ammomethanc hydrochlondc

vanadyl sulfatc-nucleomdc complcxcs a potent, inhibitor of
nbonucleascs :

.!’
\ -



. CHAPTER I
6 INTRODUCTION -
. ' | v‘ | ’J ’
A TWO MAJOR APPROACHES TO CLONING GENBS
1 The Tradmonal Approach

" Modem recombmant DNA technology has madc it possxble to 1solate the genes
' whxch code for mterestmg blologrcal protems Thxs method of studymg blologmal .

systems promrses to be nemendously powerful and ncwardmg 'I'he apphcanon of o

, ‘tradmonal blochemlcal 1deas to-the problem of 1solat1ng cloned genes has usually‘
resulted in the followmg solunon a protem is dlscovered on the basxs of a parncular
enzymanc or\ blologlcal acnvxty (or on the basis of an antibody Wth-h blocks a
- blologlcal effect) the protem is punﬁed and sequenced, and thxs sequence data is used
'to generate ohgonucleonde probes (on the basis of the genetic code) which aré in tumn
'used to lsolate the: gene of mterest. More recent developments*m expressxon systems
~ allow for the producnon of pmtexns dn'ectly fmm cloned DNA sequences (Noma etal,.
1986; Berg. 1981; Huynh etal, 1985) this has obwated the need to pnnfy and -
‘ sequence the protein under mvesnganon, since clones of interest can be 1dennﬁed and
-lsolated directly. on the basis of the proteins they produce Both of these general !
| tapproaches are predxcated on the ongmal dJscovery of the protem, ‘that } ;s on thc ,
| kexxstence :)f some method of testmg for the presence of the protem. In other words the .
- mvesugator must be aware of the exxstence of the protem before he can begm to clone o
| the gene of mtenest. | | | | |

2 TheD;ﬂ'erennalApproach B v

In theory a second gencral solunon to the problem of 1solatmg genes wh1ch code:“ L

for bxologxcally 1mportant pmtems exlsts The central 1dea underlymg thxs approach is o

thatofadlﬂ'exmnxl gene. Whentwocellsarecompared.adx&'erenual genelsanygenel i



~

. ‘whxch 1s cxprcssed (as RNA) at different lcvcls in thc two ccl.ls A dlffcrcnnal gene
may be cxprcsscd at low levels i m one ccll and much hlgllcr lcvcls m the othcr (a |
rclauvc dxffcrcnnal) or it may be oomplctcly untranscnbed in one ccll and highly f |
cxprcssed in the other (an absolutc dlﬁ‘cmnnal) In most cases, the'cells to bc compamd
contain cxactly thc same chmmosomal (b e.DNA) contcnt, and thc différential genes are |
those gones wluch are transcnbed at dxffcrcm rates, and/or whosc trans(:npts a;e
| 'pnoccssed or deg;radcd at dxffercnt ratcs in thc two cells In ccrtam special cases the
. dxffcrcnnal gcne results because (at the DNA lcvcl) thc gene is abscm in one ccll(\"* E
and- prcsent in the other (a genomic dxffcrenual)
Dxffcr::nnal gcncs include all tradmonally dcscnbcd 1nduc1blc gcncs in both
R procaryotic and cucaryouc cells Thq gencxal case is one in ~yvluch acell wnh phcnotypc i
‘ a (whlch contains a set of RNAs {A}) is placed under mducmg condmons (e 2. by
‘ addtnon of a metabohtc ora hormonc) which causcs the ccll to changc the cxprchod set ‘
~ of RNAs to (A'} and s alter its phenotypc to a'. Thc mduccd genes then fall in ‘thc |
set [A'-A} In complex mulnccllular orgamsms, d;ffcicntial gcncé also include Lhosc;
' gcnes ‘which are cxpmssed at dxffcrcnt levels in different cell typcs In the gcncral case,
acell thh phenotype a (e. g a liver cell) cxpresses a set of mRNAs (A] and thls can
.be compared to'a cell with a d1ffercnt phenotypc b (e g.a fibroblast) whlch exprcsses |

S the set of mRNAs (B). 'l‘he set of d1ﬁ‘crcnual gcncs then mcludcs {B—A} (ﬁbroblaSt A

comparcd to hcpatocyte) and“[A B) (hcpatocytc compared to fibroblast) In this "" N
descnpnon the dlffcrencc between cell a' and cell b is sxmply that we know how to -

. ‘_dcnve a' from a, and can do SO at will, whcrcas we do not undcrstand how ccll b xs"'

' ;denved from ccll a Although cclls a and b ongmatc from the same ccll and usually‘ ‘ ‘:
havc an 1dcnncal genotypc they follow dlffcrcnt dlffcrcnuanvc pa;hways dunng"

- Tc?nbryologlcal devclopmcnt. In specxcs wlnch reproducc sexually, dlffcrennal gcnes;,;;v i/
o rxlalso mclude thosc gcncs wlnt:h resxdc only on the Y chromosomc and are cxprcssed r N

-



[N Q
‘ Honlym males o

" In gcncral dxffercntlal genes codc for btologrcally 1mponant (and thcrcfore |
, mtcrcstmg) protems Thts is becausc differental genes (and parucularly absolutc
dtﬂ'crennal genes) are thc very gcncs which code for the proteins required by the cell to
carry out its specmhzed funcuon (Some authors have labelled such protcu{s 'luxury
protcms, o contrast thcm wtth 'hdusckecpmg protcms which are made by and required
‘ for the mamtenencc of all ceHsPL.cwm 1980] ) The nature of DNA (and RNA) makcs it |
E ‘ posstblc to clone dtﬁcrcnual genes directly, and cxamplcs of dtffcrent]al genes and thc
‘ stmtcgles used to clone them will be described below - | ’
B The differential approach to the problcm of clomng genes can bc compared wrlh
thc tradmonal' approach described in the first paragraph above. Thc two appear to be
' almost the inverse of one anothcr The ﬁttcr approach requu'es that the lr\xvesugator bc o
: ablc to assay for the pmteln of i mtcr&st, and reqmrcs a pnon awarencss of thc cxrstcncc
- of the protetn and its possrble funcuon The dxfferenual gene approach does not
‘ _necessanly requxre pnor knowledge of the properucs of (or cven thc existence of)a
| particular protem but requlres that the investigator chooses for. companson two: cclls
where the dtffereunal genes are srgmﬁcant. When this results in the dxscovery of new
“ protcms, their functtons remam unknown unlcss thcy are homologous to protems of
- known funcuons Clearly thc two approaches are complcmcntary ' ~_——————-—~
| In a genmal way the dtﬂ‘emnual approach to clonmg genes has s1m1lanues to the
mathematlcal soluuon of a problem in classmal physxcs In phys1cs one consrders a
') . physxcal problem, and by. malnng certam assumpuons translatcs the problem into
mathemattcal language (usually in the form of a dlffetennal equauon) The equauon is -

- 'S°1V°d b}' usmg Pmly mathemaucal opcrauons, and the mathemaucal soluuon must L

: | then be mtapreted to determme what 1t means 1n tcxms of the physncalstmauon Often "
: ‘_ tlus last“step is the most dlfﬁcult one In companson, thh d1ffércntxal clonmg one} o



B _l the cDNA clonc is requlred todetm'mmc thc annn -

‘ ‘\‘/4“‘

,makcs ccnam assumpnons about what consututcs an mponant tnologlcal dxffcrcncc
bctwccn two cclls thout funhcr consxdcranon of Lho blology of the syStcm
dxffcrcnnal gencs can be 1solatcd and charactcnzod. The solutions to thc bnologmal
dxffcrcnual (1 e tﬁe scqucnccs of the dxffcrennal gcncs) must then be mtcrprcxcd 0"
| e%what thcy mean in tcrms of thc bnologxcal systcm undcr cons;dcrauon This . -
' last step wﬂl almost always be the most difficult for molccular bxologmts and wm
‘ rcqmro new épproachcs to the: problcm of dctcnmmng the funcnon of an unknown
protcm (such as rcverse gcncucs where a gcnc is addcd to a systcm or\ :
‘ ann-cxprcssnon ‘where the transcnpts of a gene are cffccnvcly subtractcd from a
systcm by usmg anti-sense RNA) o )
In most mteresung g tases dlffercnual gcnes are mamfcst at the level of RNA, and
‘the two cells undcr conmdcranon are 1dc ‘ 'cal or ncarly 1dcnt1cal wﬂh rcspcct to their

gcnormc DNA To 1solatc dlffcrenual gcncs, thcn; ‘ thc pnmary starung matcnal 1s‘

neccssanly RNA or cDNA (DNA copled directl from the RNA and thcrcforo
contammg the same mformatmn as thc ongmal RNA \ Stnctly spca.kmg, a dxffcrcnual .
gene is one which i is contamed in thc nuclear DN fthe ccll, and 1s thcrcforc obtmncd‘ o

from a genomm\hbrary construcwd from Kfomosomal DNA. Howcvcr for a numbcr

» ; .

! vof reasons dlfferenual gcncs are ofte' ﬁrst xsolatod fmm cDNA hbranes thrcas B

- gcnomxc cloncs oftcn contam DNA S ucnccs fmm scvcral adjacent genes (only somc a

of whxch may bc dlffercnual gencs), d: h clonc ina cDNA hbrary contams sequcnccs '
}'om only one genc, and thls sunphﬁcs : e analyms th a cDNA hbrary fcwcr cloncs .
need to be scrcened, and tlns saves mnc M matenals Fm'thcrmore, the scquencc of -
6{ scqucncc ofthc protcm coded .
"by the dlfferenual gene For thc p Scs of thls work mf; diffcrenual 80008 o
will bc conmdered clonpd if they arc 1so1atcd at cxthcr thc cDNA Ievcl or thc gcnomxé*
' "kialevel, since thc 1solanon of cnhcr one of these ty%w of cloncs can lwd o the 1solatxon of

[N -
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Sirte differendal genes are primarily manifest’at the level of RNA, it is
worthwhile to consider the xhcthods which haye been.useéd to characterize the RNA
species in a given cell, and‘tp.“m‘ca'sfinb the differences,in RNA between different cell

7 ‘ty‘pcs, This topic also serves as a uscful introduction to the ideas which follow,

2o
P
l
'..»".
‘.

B. METHODS FOR CHARACI‘ERIZING AND COMPARING mRNA
POPULATIGNS | D * .
1" Cot Curves andReassoczanon Kmencs o o |
'1°hb massoclanon of two complcmcntary strands of nucleic ac1d (DNA or RN A)
depends upon random colhs:on and follows second order kinetics, providing that the-
complcmcntary strands are at eqmvalcnt concentrations (Lcwm 1980). The solution of

thc COrrcspondxng rate oquauon dcmonstratcs that the reassociation of any given d0ublc

stmndcd‘{&cﬁ:ic - gcid can be charagterized by a number Coty ,2' . whichroduct of
thc initial oonccntranon of the nucleic acid in the hybndlzauon mixture fxﬁ nucleotjde

. molcs/htrc) muluphcd by thc time (in seconds) required for the rcacnon to be half
| complete. Thc reassociation of nucleic acids is usually followed by drawing a 'Cot’

. curve, which plots the fraction of the nucleic acid which has formed double stranded

material (i.e. the progrcss of Lhe hybridization reaction) against the log of the Cot
(product of C and umc) thn thc Cot curves for DNA reassociation were comparcd
for various orgamsms, n bccamc clear that organisms with smaller genome sizes had

smaller CQtl p_ valucs. Thxs isa consequcncc of the fact that it is the conccntranon of

~each reassoéjg.gng sequcncc that dctchmCS its rate of renaturation. Ata glven DNA -

At
& i

conccntragxon if xhe gcnome is short it will be rcprcscntcd many times and thcrcforc be

Co at a%gher conocntrauon (and rcassocmtc at a faster rate), wherefs if a' genome is much

y o

;n i
(X374
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longer it will be represented correspondingly fewer times. and ;hcfef{r\t‘bc at a lower

concentration (and reassociate more slowly). The idea of the 'length of the genome'

and its inverse relationship to Cgt) - valuer can be generalized to any case where the
] . L] X

rehybridization kinetics of nucleic acids are studied, In an uncharacterized sample of
| nucleic acids, ﬂlc Cb‘l /2 of the reaction rcffccts the tot‘l length (also called the
' complexity) of all tpc different sequences present, and this value is usually expressed in

base pairs (Lewin, 1980). |

2. Rot Curves af:d Hybridization Kinen‘cs )

The corﬁplcxity and compositior; of'a messenger RNA population can also be
investigated by studying the kinetics of rehybridization. In this case the mRNA is.
primed wnh oligo-dT and copicci into'cD'NA using the enzyme reverse t.mnscriptasc
(usually a radioactive nucleotide is incorpomicd into the cDNA). ’ﬁxc double sranded

- DNA-RNA hybrid molecules are then melted and allowed to rehybridize in an excess of
. the same RNA. Since one of the hybridizing compoxicms 1\g now in great excess, its
.conccnuaﬁon is essentially constant and the rehybridization rcacﬁon now follows
pseudo first-order kinetics (Hood er al., 1975). The-progress of the reaction is
followed by monitoring the appearance of double sranded radioactive material, usually
by hydmxyaﬁatitc chfonmtography "(hydmxyapadtc retains only double stmhded nucleic-
acids, and allows smglc stranded material to pass through) or by S1 nuclease treatment
(S1 nuclcase dcgradcs only smglc stranded nucleic acids, and lcavcs double stranded
material mtact) The data from such an cxpcnmcnt is displayed in the form of a Rot
curve, whcre thc log of Rot (initial concentration of RNA multiplied by thc time in
seconds) wplottcd versus the pcn:cntagc of hybridization. For typlcal eucaryotxc cells
the shape of the resulnng Rot curve is complex, but it can usually be resolved (by

computer analysis) into three components, each representing a certain fraction of the



/ :
total counts hybridized. For cach component a charac;c{'isdc Rty /2 can be dctgmﬁncd\
based on the value of Rot at \;rhiéh half of Ithc material for that component was
hybridized. The value of R(;tl /2 for each component can then be used to make an
estimate of the cbmplcxity of that suﬁ-mpulation of RNA, based on comparison widl |
- the Rty pof a standarri of lmown complexity,

For example, if 50% of the mRNAs in a cell consist of a single scqucnce 1000
| bascs in length, this sequcncc will be present at a high concentration and will hybndxzc

| rapidly and move 50% of the cDNA counts into double stranded material. The Ryt

of-this component will be small and will correspond to a cémpléxity of 1000 base pairs. .

The remaining RNA sequences will be present at lower concentrations, and will
therefore hybridize more slowly and yield correspondingly larger Rt} 2 values. These |
values in turn ‘can be used to estimate thc total complexity of the RNA sub—pﬁpuiatidns
representing the intermediate and slow reacting components of the Rot curve. If an
assumption is made about the averagc size of the mRNAs, the complcxxty can be used
to estimate the tota} number of dlffcrcnt mRNAs present in each component. Since thc
proportion of the total mRNA prcscnt in each oompo'ncnt is known, the average qumber
of copies of the messengers in cach con;poncnt can be estimated if the total amount of
mRNA in the ccll is known (Lewin, 1980). Thxs method of analyzmg the kinetics of
hybridization of mRNA to its cDNA was first uscd by Blshop et al. (1974) o,
characterize HeLa cell mRNA. These and subsequent studxcs have shown that the
'typical' mammalian cell cbqtains on the order qf 4 different highly abundant mRNAs
(=~12,000 copies/cell), 500 diffferent}modératcl): abﬁndant mRNAs (~300 copies/cell),
arid 11,000 different low abundance mRNAs (=15 copiés/cell) (Alberts er al., 1983).
. However, these figures vary considerably between ‘different cell types..

-



3. ‘Comparing mRNA Populations USing Hybridlization Kinen'cs .

Kinetic studies of thc hybndmmon of mRNA to its cDNA are useful in analyzmg
the messages present in a given cell, but thcy do not allow for the companson of thc
mRNAs present in two dxffcrent cells; However, by hybridizing the cDNA from ong
cell to an excess of mRNA from anoth fcell, general comparisons of thc abundancq-
classos of the mRNAs whlcn are common to the t;wo cells can be made. Furthermore,
the total amount of hybridization at high Rot values gives an estimaté of the total amount
of overlap that is present between the mRNA sets present in two different coils. Hastio ,
and Bishop (1976) nmde such'a comparison among the sets of mRNAs e\xf)i'"eﬁéa in
mouse liver, lddncy. and bram and,,concludéd,that'a. high proportion of t}i’c total
sequences were common among the thn:c tissues. Furthcxmorc their analysis showed
that the abundant mRNA of the hvcr (for cxnmplé)' is different from thc abundant
mRNA of the kidney and braif. |
‘4. Combining Subrracnon with K inetic Anatysu'

The amount of information which can bc obtaxnod by analysxs of hybndxzanon ;
kinetics using cDNA of one cell and an excess of mRNA ﬁ'om another is limxtcd Itis
mposmblc to tcll, for cxamplc, if thc soqucnces whxch are shared are in thc samc or
dxfferent abundance classcs More 1nformation can be gamcd if a subtractive analysxs is |

| pcrformod in combmanon w1th furthcr kmcnc analysns This tcchmquc dcpcnds on
isolatmg cDNA of a ccrtam abundancc class frorn a given cell, and then hybndxzxng 1t
wnh an excess of mRNA from a second cell and dctcnmmng m which abundancc class
. the commeon sequcnccs are found in the socond cell type. This typaof analysis was,
“also undcrmkcn by Hasuc and BlShOp (1976). 'I'he abundant cDNA of mouse hvcr for
‘ examplc, was lsolatedtby hybridizing the cDNA to its homologous mRNA toa lgm
K Rot, and then scparatmg thc doublc strandcd matcnal from smglc strandcd by
: hydmxyapautc chromatography (in ttus short time only the hxghly abundant sequcnccs



would havc hybridized to form double stranded material). The cDNA can be 1solated -
from the’ hybnd by basc hydrolysts and then used to hybndxzc \Vtth an excess. of
mRNA from lndncy or brain. These analyscs showcd that thc mRNAs of the high |
abundance class in liver were actually found in the low abundancc mRNA spccxcs in
lndncy and brain.. A stmtlar analysxs was done for mtddlc and low abundance mRNAs
from dency, and it was shown that ktdncy and hvcr sharcd some mtddlc abundance |
sequences, and that all three nssucs sharc a grcat many low abundance mRNAs It
was suggcsted by the authors (Hasuc and Btshop, 1976) that the majority of the low '
‘abundance mRNAs tnay be mvolved in 'housckccptng funct:ons “and that it is’
- pnmanly thc most abundant dlass of mRNAs which is rcsponsxblc for the specxaltzcd .
functtons ofa ccll. 'I‘hetr analysis does not provc, bowcvcr that certain middle and low .
‘ ‘abundancc mRNAs may not also play a critical role in the’ specmhzed fucuons ofa cell
The mRNAs coding for thc T-cell antigen receptor (Hedrick et al., 1984a) prowdcs an
cxample of the lattcr case (sec bclow)
' chttc analysis is oomphcawd by the fact that similar but non-identical scquenccs
may still be able to hybndize with each other, butata ratc which is lower than would be -
* predicted by their’ conccntrauon if they were identical. Kmenc analysts and
subtractive-kinetic analysis such as those dosottbed by Hastie and Bishop are inherently |
limited by the fa’ct that only general overall propertics of mRNA sets can be assessed,
but-an understandmg ‘of the tcchmques uscd and the results obtained (and thelr
interpretation) are useful for the purposes of this thesis. - '
5. Saturation Analysts to Detemune mRNA Complcmy ; ‘ |
The total’ compexxty of mRNA present in a cell can also be mcasurcd by a -
saturauon analysis (as opposed to the kinetic analysts dcscnbcd above). DNA is -
H exuacwdfromaccllandthetotalcomplcxltyoftbcnonmpenuvcfracuon ofthc DNAls

determmed by.a Cot analysns (descnbed in the ﬁrst paragraph of tlus scctlon) The .

R )
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nonrcpctitivc fraciiori of the DNA is then isolated by melting and reannealing to alow

Cot valuc (at whlch only the hlghly abundant,. rcpctmve fracnon of the DNA will havc

'fonncd double strandcd DNA) and then separating the doublc stranded matcnal from ‘

“the smglc stranded material by hydroxyapatite chromatography.- Thxs proccss can be

- repeated several times to obtain a prcparauon of DNA that contains only the

nonrepetmve fracuon of the DNA, thc complcxxty of which is known This material :

' can be labelled and then hybndmod to an excess of cellular RNA., ' The highly abundant

‘ mRN As'will rapldly hybndmc to their complementary DNAs and the reaction wxll then

be driven by the mass of low abundzﬁ\cc mRNAs pxcscnt in the populauon (Agam this

‘ is a pseudo—ﬁrst order rcaction but the cffoctivc RNA conccntration driving the reaction

‘ '1s lower than the mcasured concentration since the hlghly abundant RNAs do not dnveO

the reaction. ) If the hybridization is allowed to continue to very high Rot values a
plateau is rcachod bcyond which no further hybndmmon will occur. The amount of the

- ] DNA wluch is hybndu.od at- thls saturation point can be determined (it is typlcally a few

percentof the total DNA). and. since the complcxxty of the total nonrcpctmvc DNAis

known the compleRity of the RNA populanon that hybridizes to it can be calculated.
Saturanon analys1s can also bc uscd to compare total dxffcrcnccs m mRNAs from

different cclls by pcrformmg a double saturanon analysxs Labcllcd DNA is hybridized

"f w1th an excess of a mixture of RNA dcnved from two dlffcrcnt coﬁs and the saturanon‘ o

v lcvcl is compared wnh that obtamed wnh either samplc of nRNA alonc Ani mcmasc in

the double saturation’ abovc the level of enhcr tissue alonc 1dcnuﬁcs sequenccs whxch =

_' ‘are not shared bctween the two RNA populauons, whercas a reducnon bclow thc sum |

of the two separatc satumnon levels 1s due to sequenccs wlnch are common to both

( | Y
RNA populanons (Lcwxn, 1980) ‘ o '

6. Combzmng Subtracuon wuh Saturanon Analysxs

| A vanauon on saturanon analyls, coupled with & subtractwe techmque. has bcen L
AN I O v : 3‘\

PP : 7
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| used to determtne ovedaps between mRNA sets present in different cells (tlus has been
called exhausnon analysis. [Lewm, 1980]) Tlus type of analysxs was done by Galau et

al. (1976) to compare the sets of mRNAs present in'sea urchins at various stages of .

embryonic development as well as in adult tissues. For example excess gastrula

mRNA was hybndtzed to labelled nonrepeuuve DNA to a high ] Rot, and double and

‘ smgle suanded spectes separated on hydmxyapante chromatography This process was:

repeated. and the end result was two punﬂed populauons of DNA: one t:ontammg
sequences able to hybndlze to the mRNAs present in cells of the gastrula stage
( gastrula mDNA’) and one DNA populauon contmmng no sequences in common w1th

i .gastmla mRNA (null mDNA‘) Samples of these two labelled populanons of DNA

were then hybrtdtzed to excess mRNA from cells of various stages of embryomc '

| , development, and the complexlty of the mRNA capable of hybndtzmg to the gastrula ‘

‘mDNA and the null DNA determmed. For example the mRNAs present in an oocyte ‘

contmned a subset of equal complexlty to the gastrula mDNA, and another very large

subset of approxlmately equal complextty capable of hybndtzmg to the null mDNA.
The oocyte therefore contamed vmually the same set of mRNAs s present in the gastrula,

plus a large additmnal set of mRNAs whxch were not found in the gastrula. A similar

type of analyms was done to compare the mRNAs expressed m vanous ussues of the

"mature tobacco plant (Kamalay and Goldberg, 1980) In gene;al_/tlns type of analysm is

,useful in gmng an overall ptcture of thc sme of the sets of mRNAs which are common -

10 dxfferent cell types. as well as the sxze of the mRNA sets wlnch are not shared by |

| l’of the vanous eommon and dtfferenual mRNAs cannot be determmed w1thout further:

| kmeuc analysts ' ‘ S - :
2 Cascade Hybndtzanon- Removmg Common mRNA Sequences e ﬂ

Another 1mportant method for companng the sets of mRNAs pmsent in dxfferent -

e dtfferent cells (& e. the : stze of the. dxfferentml gene set) However the abundance class .



cell's‘is”described by Timberlake (1980). . Dunng drfferentrauon of the fungus

Aspergtllus mdulans the cells change from a vegetauve state of growth to one where ,

‘ specrahzed spore formmg organs (comdrophores and comdra) and spores are produced

A kmeuc analyrs of cDNA mRNA hybndrzauons showed that the vegetative cells‘

: express mRNAs of three abundance classes, and furthermore that sporulating cultures

contain a set of mRNAs Whrch is not expressed by cells in the veg?tauvc state.

. To further assess the set of mRNAs expressed by the dtfferenuatmg,

. Spore- formmg organs but not by the vegetatrve cells cDNA representanve of this
drfferenual set of mRNAs was 1solated usmg the method of cascade hybndxzauon
(Tlmberlake, 1980) Labelled cDNA was transcnbed from mRNA of sporulatmg
cultures, andathc mRNA removed by base hydrolysrs The labelled cDNA was

hybndrzed to a 20-fold excess of mRNA from vegetanve cells and smgle stranded |

matenal was separated from double stranded material by hydroxyapante
chromatography This pmqess was repeated twrce more usmg a 50- and then 100—fold

excess of vegetauve mRNA The smgle stranded cDNA remaining was completely

‘ ‘. depleted of any sequences found in, the vegetattve cells and thus contamed ouly

sequences wlnch were found in sporulatlng cultures but not in vegetatwe cultures.

From thls sample the spore specrﬂc sequences were 1solated by hybndtzmg to mRNA - v

ﬂ'om spores and then collecnng the double stranded matenal From the srngle stranded -

matenal snll remmmng the non-spore, development specrﬁc sequences were tsolated. '

b)' hybﬂdmng to mRNA from sporulatmg cultures and then collectmg double stranded -

matenal. 'I'hese ﬁnal two posmve selecnon steps were necessary smce a portron of the

smgle stranded matenal which remams after subtracuve hybndrzanon of the vegetanve o

sequences is srmply unreacnve w1th any mRNA and would confuse the subsequent"‘ . '

analysrs Furthermore sporulanng cultures contam spores as well as comdra and.; :

eomdrophores, and sequences fmm all three cell types are represenwdtn the subtracted'

St



. \, ' .
material. Smcc pure spores can bc 1solatcd ata shghtly latcr stage, mRNA fromthese

:can be uscd to separate thc spore spemﬁc sequences from the: rcmamdcn of the

13

| devclopmcnt spectﬁc scqucnccs Thc spore- spomﬁc and non- spore; dcvclopmcnt.‘

spec1fic soqucnccs dlffcr from the null mDNA scqucnccs dcscnbed above in that the ‘

: formcr contain Justthosc sequences whtch are prescnt in one developmental stagc and

abscnt from thc prcvtous one, whercas the null mDNA contams all of thc possible |

scqucnccs which . arc absent from one devclopmcntal stage Analysxs of the' .

' ‘ hybndtzanon kinetics of, excess homologous mRNA with thc developmcntal spccxﬁc ‘

soqucngcs 'tsolatod dcmonstrated that thcnc were about 300 sporc specxﬁc and 1000'
nonsporc dcvclopmcnt spemﬁc mRNAs. Furthcrmorc in each case the cell spoc1ﬁc‘

mRNAs fell mto three abundancc c}asscs 'with the greatcst number of scqucnces ‘

ptcscnt in the low abundancc class (T 1mbcrlakc 1980). Thcsc results do not dtsagroe '
| thg )se . of Hasuc and Bxshop (1976) but thcy do pomt out that mRNAs which are .

one cell typc and probably mvolvod in the spoctahzod funcuon of the cellcan

fall into tbe low abundancc class of mRNAs, as wcll as into thé hlghcst abundance class
(see abovc) ' '

8. Comparmg mRNA Populauons in Specmltzed Cell T)'pes . a

‘ Most ofthe methods usod to characterize thc mRNA sct cxprcssed by a glvcn cell

and to compare mRNA scts exprcsscd by dtffcrcnt cells were ongmated by ‘

mvesngators tnterested in, general problems of developmcnml bxology Howevcr, thc

‘ vmethods are gencral and can be apphed o comparisons betwecn mature cells whxch are

. -closely related dcvelopmcntally and funcnonally In gcneral the more closely related |
' thc two cclls are, the smallcr is the dtffcrcncc bctween thc scts of mRNAs expresscd ;

e Crampton et al (1980) ‘used homologous and hetcrologous mRNA-cDNA }. o |
L hybndlzauons to show that human ﬁbroblasts and [ymphocytcs dxffered in about 25% o ‘_ |
~of thc mRNA sequenm expressed. Daws et al (1982) useci the method of cascade/_ o



subtracnve hybndlzatton to assess dxfferences in mRNAs expressed by B and T
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‘ 1ymphocytes and showed that the d1ffetence amounted to about 2% of the mRNAs

expresscd. They also showed that mRNA sets expressed by dtfferent T-cell lmes o

dxffered by 0.2-1.0% of the total sequences - In another set of experiments Hednck et

al. (1984a) used cascade/subtracuve hybndlzauon to show that the set of mRNAs o

codmg for membrane bound or secreted protexnsnn T- helper lymophocytes (x e,
: membrane ‘bound polysomal fractxon of the mRNA) differed from the mRNAs

| expressed inB lympohocytes by <0.5% of the total sequences Rot analysns of these :

subtracted eDNA sequences demonscrated that th mRNAs specxﬁc to T-cells were‘ '

denved from both high and low- abundance classes and that the largest group |

(consxstmg of about 70 different sequences) was from the low abundance clas$.”

' Presumably mRNAs from t.hlS low abundance class represent sequences Wthh are. "

.important to the specxahzed function of T-helper lymphocytes This was Tater shown to

be the case for at least one of the mRNAs in this class which codes for the B-cham of "

the T-cell antigen receptor (Hednck eral., 1984b)
| ~ -All of the methods descnbed above for companng mRNA sets expressed by

different cells are stansucal in- nature They yleld general mformanon on the size and

. complexny of the sets of mRNAs wtuch are dlfferennally expressed between t\“fc; cells,

" as well as the sets of mRNAs whtch are common to dxfferent cells ‘In general they do
- ‘not g1ve mformanon about specxﬁc sequences whtch are deferennally expressed
-9, Companng mRNA Populanons by cDNA Clonmg

_ | If mRNA sets wlnch are very sxmxlar m composmon are compared, it IS poss1ble v‘ >
- toin imagine ot the small utnber of differental mRNAS could be mdlviduall}fidenuﬁed o
v’ : and then actually counwd to detenmne the dxfferenees between the two RNA sets Wnl1 o
. modem methods of DNA clonmg (and pameularly cDNA clomng) itis poss1ble to ’
3 1solate and 1dent1fy sequences correspondmg to mdmdual mRNA transcnpts Clomng - 7
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dtfferenttal genes thus represents anothcr approach to the problém of detenmmng the

" ""dtfferences in sets of mRNAs expressed by dxfferent cells This approach has the-

‘ 'advantage that the nature of the spectﬁc sequences whxch are dtﬁ'erenually expressed

15

“can be determmed. However, to characterme exhaustively the dtffexences in the sets of

" mRNAs expmsed by two ceélls reqmres that the total set of dlﬁ'exenual genes be cloned,

and this has not generally been posstble with exxsung technologtes For the most part _

the dtfferenual genes which have been cloned by developmental btologxsts represent a

" 'hxt and miss' sample of the htgh and mtermedaate abundance mRNAs whtch are

dtfferennally expressed between developmental stages (see below) These expenments

fall far shon of clomng the total set of dtfferennal .genes, and in parucular lack

‘ dxfferennal genes from the low abundance class of mRNAs, some of whrch.probably

. code for products tmportant in the control of the dtfferenttanon process 1tself In most )

~ of the other cases where dtfferenttal genes have been cloned, the mvesngators have -

used a dtfferennal approach to clone a pamcular gene (often representmg a low

, abundance mRNA for example, mterferon) 'I'hese expertments do not attempt to clone

the total set of dtﬁ'exenual genes, but the methods they use may have some relevance for

the solutton of the more general problem. Certamly any method for 1solanng clones'

N

representtng the. total set of dtfferenual genes must be able to detect sequences

, repnesenung mRNAs from the lowest abundance class The vanous methods whxch :

s :have been used and the results obtamed are dxscussed inLC below ‘
. ID\ Punﬁcanon of Speczﬁc cDNA Sequences Pnor to the Advenr of DNA Clorung

Pnor to the mvennon of DNA clonmg. sequences representmg md1v1dual' :

;”dtfferenual genes were 1solawd 1n a few spectal cases, and these are tnterestmg 1f only .

L to point out that the tdea of and the methods for 1solatmg dxﬁ'erennal sequences are not

: new In aTl cases a smgle btologtcal dxfferenual had beeﬂsdeﬁned between the two
- ‘systemsamder mvesugauon Alt et aI (1978) molawd cDNA seguences complementaryl S

e s
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to dihydrofolate reductase mRNA by cxhaustivcly beridizing‘ cDNA from a -

mcthotrcxatc rcsxstant cell lmc to an excess of mRNA from the ongmal mcthotrexatc
r\
sensitive cell' line. . The non- hybndxzcd mafcnal (rcprcscnung the scqucnccs

: dxffcn:nually exprcsscd in the rcsxstant ccll lmc [a rclauvc dlffcrcnnal]) Was rocovcmd :

_by hydroxyapamc chromatography, and posmvcly sclcctcd by hybndlzmg to mRNAf

16
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| from the sxstam ccll line. ’I’he ﬁnal punﬁed cDNA was shown by rchybndlzauor{ 5

kmcncs to consnst of a smgle component, whxch hybndxzcd to dlhydrofolatc rcductasc

‘ mRNA The punﬂed scquenccs were used to dcmonstratc that the dxhydrofolate

reductasc gen&s wcre amphﬁed sclectxvely in methotrexatc—resxstam ccll lmcs Stehelin -

et al (1976) were able to 1solatc cDNA oomplcmcmary 10 thc tmnsformmg sequcnccs‘ o

g of the avian sarcoma virus by hybndmng cDNA fmm a wﬂd typc virus to‘RNA fmm a

- -~ transformanon dcfecuve strain of: the virus whlch had deletcd the oncogcmc scquenccs

3
In thls case 'two cyclcs of subtracuve hybndxzauon followcd by hydroxyapagwa;,

Ac}u'omatogmphy»wcrc used, followcd by a final posmvc sclocuon step usmg RNA from |

- the wﬂd—typc virus. Ramircz et al. (197_5).us¢d a similar stratcgy 'to pujrifyla and P
“globin cDNAS by hybridizing total humar globin cDNA to mRNA from the liver of a

- hydrops fctalis ( thalasSemia); the B cDNA hybndxzed to the hydrops {fctalis“ mRNA -

Whllc thc « cDNA rcmamcd smglc strandcd and thcsc wcrc scparated on

@

hydroxyapantc Alt et al (1979) punﬁed cDNA scqucnccs sPecxﬁc for lmmunoglobm :

r

- " @, A and B heavy chams by thc mcthod of subtracnvc hybndmmon Thc gcncrahud ‘ 'ﬁ g
a ; ‘_'punficauon schemc mvolved hybndmng cDNA from myeloma 1 (expressmg hcavy N “

L ‘cham A and hght cham X) to an exccss of mRNA from mycloma 2 (expressmg heavy o

' _cham B and hght cham X) along w1th mRNA from a ﬁbroblast ccll lme (whlch‘gﬁ 3

' ."~"i“presumably cxprcsscs thc same sct of 'housckecpmg mRNAs as do 1he myclbmas)

3



The non'-hybridized cDNA, now highly enriched for heavy chain A spec1ﬁc sequences '

- \was’ collected by hydroxyapaute chromawgraphy As a ﬁnal step, the A specxﬁc

sequencw wene posmvely selecwd for by hybndmmon to mRNA fmm myeloma land - :

lsolauon of double stranded matenal The punﬁed heavy—cham specific cDNA

‘sequences were used to study the expressmn of the vanous heavy chains i in a number of

,myeloma cell lines, by analysis of cDNA mRNA hybndlzauon kineucs

,C METHODS FOR CLONING DlFFERENTIAL GENES ;"
. The typlcal mammahan cell' contains mRNAs whxch fall mto three abundance

]

classes as descrxbed above The relauve ﬁequency of clones represent've of the ,

vanous abundance classes of mRNA can be calculated, at least for an 1deal cDNA

hbrary (whxch contains all of the sequences present in the ongmal mRNA ‘and in the

same relauve pmpomon) Assummg the cell contmns a total of 360, 000 mRN A
| ‘molecules, clones contaxmng sequences from the lugh abundance class (12, OOO copxes
: per cell) would be present ata frequency of 3.3% (1 30) Clones oontammg sequences

from the mlddle abundance class (300 coples per cell) would be present at a frequency

of 0. 08% (1: 1200) Clones contammg sequences from the low abundance class (15

copxes percell)wouldbe presentataﬁ'equencyof0004% (1: 24000) Exu'emelyrare \
“\;‘

- u‘anscnpts may be present at 5 mRNA copxes per cell and would be found in the llbrary
at a fxequency of 0 6014% (l 72 000) These ﬁgm'es are useful when eons1denng the

) frequencres of clones whlch can be detected by the vanous met.hods used to clone |

. fdlﬂ‘erenual genes

'I‘able 1 glves a summary ot” a large number of publxshed reports where a

| R d1fferenual approach has been used to clone vanous genes The examples chosen are |
‘ fhsted m relauvely chronologlcal order as they appeared in the hterature The hst : ,'

9 ;'_ -atnempts to be qmte comprehenslve for the ﬁrst few years, thexeafter examples have
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RN TABLE 1 ;
EXAMPLES WHERE A DIFFEREN'I'IAL APPROACH HAS BEEN USED ’I‘O
o CLONE GENES .
Bio}ogi‘cal dlffcrcnnal ,Mgthod Gene(s) cloned  Abundance Reference
| Ymstmembolizmg galacm +/¢.cDNA . Sgalactoscinduced . 001% . St John and
glucose . " probe: genes (genomic clones) o Davis, 1979
: Poly ®M:(0) mduoed ﬁuoblzms Subu'acuvc‘ ~ Fibroblastinteiferon (8)  0.03% = Taniguchier
i fibroblasts - . hybridization cDNA clone el 1979
. Devel shme mold (6 hr. ¢/- mRNA ‘ o 01% Williams and
. Vs, vegpmetagvece . ( ) . mgulawd cDNA';uy ; ‘ : Lloyd. 1979
Aspapumcqmdxanngcdls . Subtractive ‘350 cloncsinduced  © 2001% Zimmesmann
AT vcgetaﬁveoeus(myceha) ' hybridization = during conidiation . etal 1980
‘ Developmg slime mold (6 +-, mRNA tally 0.1% Rowekamp &
lShr)vs.vegetanvcce pmbe R ‘n:gulmchNAs o 'Firtel, 1980 *
° Gmnmla vs. T lc in E +/- cDNA v e-specxﬁc 1 0.06% Dworkin and
" developing x:x?g&s embryos  probe cDNA mg : ~  Dawid, 1980
Several stagwm the embryonic +/— ¢DNA - stage-specxfxc ‘0.1% al, .
dcvelopmem ofseq mchbu%o probe cDNA sequences 19 Od
ocytes vs. 4/ mRNA 5 cDNAS differentially 02% Oarrgm et
ﬁmgh probe - cxprwsedmlymphocym al. 1980
: -hybndoma (k.uJ) vs. L—cell Subtractive cDNA for J-chain of, * 0. 2—0 3% Mather et al, .
. also+ive selecuon wth hybridization gMpcmama : p 981 o
‘ chunldeve.bwv:mal o Hytxidmmon -scveralstage-spec:ﬁc . ND, — M i et
, stagwofchtyostclmm ; mpeunm 'cDNA sequences » ‘ i981
‘Entefotoxin induced lympho-  +/-,cDNA  ~human gamma 004%  Gryetal..
cytcs vs. mnng c::.llsymp pmbe‘.A interferon cDNA 3'
Embryonic Myoblasts vs. +-,cDNA ' actin, ropomyosin,. = ~0.1% . Hastings and
exmuatedl)xvxyoﬁbets . probe *  myosins, roponins . - Emcrsgfl,1982
| , %
"' SV40 transformed 3T3 cells ©  +/-, mRNA' cDNAseqm:mcs ific 0.25% Schulzbank
" Vs, non—mmsf cells probe ' totranfamed sPec eral., 1982
: EGFtrumd mouseembryo *:'+/-,mRNA ' 3 ic ¢lones all ‘ ND; ' Fosteretal. ,
‘ cellsvs. unitreated cells probe D | noretrowmsVLBO - C 1982
’ Subtractive specific 0.001% - Sargentand
cloning, cnw - """ Dawin, 1983
“Subtractive . several gencs involved” CND.. Schg%e:al
cloning . mcell osebreakdown .
+-,cDNA - 5cDNA c ‘0.1‘%"‘ . Cochraneral,
‘ ] pmbe ' mdnced‘by %g F-‘ - o, 1983 ‘
L thfctanng3'1‘30ells(+smnn) +-, cDNA . several serum'’ mduced 0.1% Linzerand ..
: vsconﬂlmt (lowsunm) . probe cDNAsequaw o ‘ Nal!nms.l983
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‘ . TABLE 1 (Cont.) . o

;* EX{(MPLES WHERE A DIFFERENTIAL APPROACH HAS BEEN USED TO
* ! CLONE GENES R | .

Biological differential ~ Method Gene(s) cloned  Abundance Reference -

Rat brain vs, rat liver and northern blots * rat brain specificcDNA ~ 0.01%  Milner and
kidney ' of each clone sequences .« ¢ | . Sutcliffe,1983
G1 baby hampster kidney +/~,cDNA  5cDNA sequences,cell  N.D.. ' Hirschhom
cells vs. GO cells probe cycle specific (G1) etal , 1984 _
‘Mouse B Sut;nacﬁVe hybrid. genomic& cDNAclones  0.01% Davisetal, ,.
e e ool e (probe & ibrary) ~ ©fox mouse LA, 0 1984
Mouse T-lymphocy " Subtractive hybrid, B8-chain cDNA for T-cell©  0.001% Hedrick et al,
cell line vs. B‘ccll e (probe & library) antigen receptor (mouse) " 1984a. ‘
Human T-ymphoma =~ * +/,cDNA § ; B-chain cDNA far Tcell ~ N.D. Yanagi et al.
'vs. B cell line probe ' .anﬁgmxe/ceptor(hunmn) ' 1&84 -
' . ) ‘ (
"Mouse T-lymp # Subtractive hybrid. rmd « chain cDNAs N.D, Saiwetal,,
el line vs. B cell i . (probe & library) for T-cell antigen receptor 1984a,1984b .
T-hetper hybridoma 1 vs Subtractive  .xchaincDNA for Tcell  0.001%  Chienetal,
T-helper lines 2 and 3° hybridization  antigen receptor (mouse) 1984
" Transfected Lcells expressing  Subtractive  lymphocyte surface N.D. Kavathas, 1984
T8 vs. untransfected L-cells 8 hybridization ymm‘z’nku T8 Littman, 1985
Male mouse chromosomal  Deletion enrich- genomic clones specific N.D. Lamal and é?“ /}‘P
. DNAvs.female DNA ~ ment & cloning 1o the Y-chromosome | Palmer, 1983, |
Yeastinduced with mating  * nascentRNAs  S-genomic clones with ~ N.D. Stederand
phermone vs. uninduced cells  labelled with phermone-induced N Thomer,1984
T ' ~ thiouridine sequences ‘
Transfecied Lcells expressing Subtractive  lymphocyte surface N.D. Maddon et al.,
T4 vs. untransfected ‘L-cells“8 hybridization % T4 ‘ 1985
Normal human cells vs.cells Deletion enrich- clones for sequences N.D. Kunkel er al. ,
with a chromosomal deletion  ment & cloning  deleted in the mutant . 1985
Mutant aspergi } 4/-,cDNA ~ genomic sequences over- N.D. Atkinson ef dl.
wild type % © ' probe -, %med?ﬁqx?w mutant 1985
A ) ‘ , ; o ﬁ“:“ﬂ
Conidiating ncurospora vs. Subtractive, g ic sequences in- 0.1%  Berlin & Yan-
vegetative cells . hybridization . during conidiation : ofsky, 1985
' Cysotoxic T-lym line  +-,cDNA .. 2CTLspecificcdNA  “05%  Lobeetal,
v8. helper T-cell & thymocyte probe. . sequences o 19&6‘
Cywioxic T-lymphocytecéll  hybridization  CTL:specific cDNA N.D. Gershenfeld&
line vs. mymnycul‘ymplma competition sequence . Wcilsgm%ann,

| (il “ i
N.D.: not wm%:mmmm pol fraction of T-cell RNA was used 1o enrich for ‘
secreted and membrane-bound sequences; * °this strategy depends on differences between the sequences
of\mevambh_xegwmofme'vmmalphadmgmofmencenmggr. ‘ &
. Unless otherwise stated the method of subtractive hybridization refers to the preparation-of cDNA probes.
: : v . .
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been included ¢ither because. they represent interesting clnsses of genes (mitogen
induced, growth related, or immnnologically impbrtam genes), or because they -
illustrate new mcthodoiogical apprbaches to the problem of cloning differential genes,
A comprehensive list of all the genes which have been cloned in the past three years
using a dxfferennal approach would probably include several hundred entries, so the list
in Table 1 cannet be considered complete! | r
1. Ramfom Sampling and Screening
| The simplest approach to cloning differential genes involves random sampling
and screening. Clones (usually cDNA .cloncs) arc simply picked at mndem, and their
DNA inserts isolnwd and labelled. The labelled inserts are used to pr;)be northern blots
" containing mRNA from the cells to be compared. This is the approach taken by Milner
and Sutcliffe (1983) to clone cDNA sequences differentially expressed in rat brains. It
is werthWhHe consigerix;g fot a moment what one is likclyAt‘o find if clones are simply
. picked alt random from an 'ideal' cDNA library made from a 'typical’ mammalian cell.
About 13% of all the mRNA molecules fall into the high abundance class ([12,000
‘moleculcs/ccll] x [4 different molecules)= 48,000 molecules or 13% of the total of
360 000 moleculcs/cell see above), about 41% into the moderate abundance class, and
about 46% into the low abundance clas:—Most of the clones pxcked will therefor?\
represent sequen es in the moderate or low abundance classes, with about half falling

pinto each class. The chance of picking a differential gene is directly proportional to the

size of the mRNA differential between the two cells under considemuon. If two cells

~

P
2

differ by a large‘_proportion of the‘_ir expnessed sequences (say 25%), then t;here isa X
+ large chance (1'4) that mndorﬁiy chosen elones will contain differential sequences.

Milner and Sutchﬁ'e were able to pick at random a large nnmber of brain-specific genes

because they compared cells which have a very large differential (>30%) A large ' )

number of thegr sequences fall into the moderate to low abundance classes sunply for



statistical reasons (brain has a higher proportion of mRNAs in the low abundance class
than docs a ‘typical’ ccll so thesc are even more lxkcly to be picked than the figures
above would indicate), One of the techmcal difficultics that can bc encountered in a
random analys:s of acDNA library is thax cDNA sequcnc;s of very low abundance may
not be detectable on aonhcm analysis. Milner and Sutcliffe found that 26% of their
clones failed to detect mRNA in any of t'hc three tissues (brain, liver, kidnay) examined,
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although they gave bands on southern analysis, and prcshmabl}’ represented transcripts -

which are present in brain (buf are estimated by the authors to be present at <0.01% of

the anscripts). Whether or not they are present only in brain cannotbc determined.

Others have suggested that even the lowest abundance mRNAs can be detected on

nonhcrn analysxs (down t0 0.001% of the transcnpts) SO that Milner and Sutchffe )

fallum to detect mMRNA com:spondmg o low abundancc cDNAs may have been due to

a technical problcm. R

2. D(ﬂ’erennal Hybridization ( ‘Plus-Minus’)

v Random screcmng is very likely to find differential gcncs if cells thh a largc
-btologlcal differential are compared Howcvcr 1f very similar cells are compared (say

| 'thh 2% difference in the scqucnccs expressed) the problcm of ﬁndmg daffcrcnual

gencs becomes much more difficult and demands a ‘more dn'ected stratcgy Thc .

sunplcst such stratcgy is dlffcrcnual hybndxzauon (also known as ‘plus- mmus C

screcmng; called +/- in Table 1) A 'random samplc of clones (cDNA or: genomxc) 1sj

plated out, and duphcatc nitrocellulose filters are made, each of Wthh contams a

reprcsemanvc 1mprmt of all of the cloncs on thc slatc Each filter is hybndxzcd toa

probe made from mRNA fmm one of the two cclls io be compared. Thc probe, may be’.

,made by fragmennng and thcn directly labelling the mRNA -or it may be’ madc by

reverse u'anscnbmg the intact mRNA mto cDNA Generally the cDNA h‘as a much_‘

~ higher specific actmty than the mRNA, and thcrefore makes a more effecnve probe
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Cloncs which gwe a sngnal with one of the probcs but not with thc othcr are inferred to

@

"

comam scqucnccs whxch are differentially cxpresscd in the corrcspondmg cells, The
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| plus—mmus mcthod 'of screening has one major hmltanon; only those cloncs which give’

a positive signal W\tb one of the probcs are chosen. The clones whxch contain
q scqucnces in thc low abundance class may not give a signal wnh either probc allhough
they may still be dxi\”fcrcnually cxprcsscd Vanous authors hayc csnmatcd the
abundance of the sequences’ whith havc been dctoctcd using plus-minus scrccmng (sec
Table 1). The figures cncrally fall into the rangc of 0.1% (corrcspondmg to thc
modcratc abundance clas\s of transcripts), although St. John and Davis (1979) found
they could dcwct transcnpts at ten-fold lowcr abundance (corresponding to the 'hxghcr'
low abundancc tmnscnpts) \\Thcsc authors used a high spemﬁc activity cDNA probc
‘ - and screened phage hbrancs and both of these factors appear to mcncas‘c the scnsmvny
| . of the scrccmng In contrast, sCrccnmg plasmxd libraries (colony hybndxzauon rather
than plaquc hybndxzmlon) gcncrally appears to increase the background and so decreasc

thc scnsmvxty of the screening pro?css "
3: Hybndxzaaon Compennon

The ,.plus-mmus scrccmng akmach rests on the assumption that very similar

" quantities of DNA representative of eg

N

h recombinant clone is present on each of the -

) dﬁp}icatc" ﬁltérs. Furthermore, the indi "dual-clohes must be well isolated so that they

ca‘n be identified unambiguouSIy with) the corresponding signal from each of the -

duphcatc ﬁltcrs Ttns means that the i :
denslty orin an ordcrcd array, and that fal positives can, arise 1f unequal amiounts of
DNA are transfcrred to the duphcatc filters

“ whxch rcqmre scrccmng of only a smglc nitroce llulose copy of the clones of interest,

and at a dcnsny tugher than is possxble wnh lus-mmus screcmng Thc sxmplcst of :

thcsve,t is RNA hybn;hzanon competition (Mapgl\atoth etal., 19&1\). mRNA from the o

ries to be screened must be piatcd atalow -

. Several mcthods have been dcveloped |



cell of i interest is labcllcd using [gamma”P] ATP and. polynuclconde kmase Thxs is
mxxed with a large excess of total cytoplasrmc RNA’ fmm a sccond cell dxsplaymg the
blologlcal dxffcrennal under i mvcsngatlon and the mlxturc used directly to probe the

_clones of interest. Sequcnccs whlch are common to both cclls wﬂl be labellcd but will
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. | be dxluwd by the excess of unlabclled compcntor and g1vc no sxgnal whereas sequences -

prcscm only in the labelled mRNA w1ll not be diluted and will dctect clones contammg:'

homologous sequences. If cloncs are at a high density they can be isolated by replaungj

at a lowcr dcnsnty and screened using a similar preparation of probe. RNA

" hybndxmnon compcnon probébly."dctéct sequences in the moderate to fhigh" low

abundance class, with a sonsitivigy similar to the plus-minus method. However, the "

limits of detection using this mcthod have probabl'y not been determined, since high

specxﬁc-acuwty cDNA pmbcs could equally well be used and would hkely increase the

‘sensitivity (the compcntor mRNA would now dilute out the targct sequcnccs for the

cDNA probc but would havc the same overall effect). Altcmauvcly the labelled cDNA* B l

and compcutor RNA could be prchybndmed in a small volume to a hlgh Rot valuc.

that s\.quenccs common to both would form hybrids and smply be unavaxlable to

L hybndm:tocloncs

4, Subtracnve Hybndxzanon to Generate cDNA Probe ' -

Subtractxvc hybndxzanon is a sccond mcthod which can bc used to prepare K

-

‘ d;ffmnual gcnc specxﬁc probcs whxch can be used to screen a smgle mtrocellulosev ,

P copy of the clones of mtercst, plated at a lugh densuy Thxs mcthod is.an obvxous' K

outgrpwth of. the mcthods descnbed in the prevmus section. Labclled cDNA 1s
prcpaxed fmm the cells of interest, the ncmplatc mRNA is rcmoved by basc hydrolysls
: and the cDNA is hybndxzed wnh a largc molar exccss of mRNA from a sccond ccll

whose blologlcal dxfferenual is of i mtcncst. Thc hybndlzauon is done in a minimum R

volume. and allowed to connnue toa hlgh Rot value §mumcw whlch are cxpresscd

7 L
: <
Wy
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. by both cells w'ill" be capable of forming double stranded molecules, and the cDNA

= which remains single stranded can be separated by.‘ hydroxyapatite chromatography.

The single stranded cDNA probe is thus highly enriched for seque‘nccs differentially

T expressed in the fngmal cell type and the subtracuve hybndmmon can be repeated to
‘ gam funher enrichment (cascade hybndxzanon Tlmberlake. 1980) 'I'he lowest

abundance sequences wh1ch can be detected with- subtracted probes are reponed to be in "

‘"the order of 0.001% (Hedrick er al. , l984a) which would com:spond to mRNAs of
the lowest abundance class. The | reason why this method of detectmg dtfferennal gcnes

s about ten-fold more sensitive than the plus-mmus method is not 1mmedxately clear :

One plaumble theory is the followmg The acuvny conccntrauon (l €. the 32P counts of

probe per ml of hybndlzauon soluuon ngen near manmal specific acuv1ty) of cDNA

‘ probe rounnely used in plus minus screemng is usually too low to give a posmve
\

hybndlzatmn signal with sequences correspondmg to the lowest abundance class of _.

‘mRNAs If the acuvrty concentratton of the probe was mcreased ~20 fold low
'abundance sequences m)ght be detected, but the large amounts of probe used would

also mcrease the background s1gnal by a correspondmg amount, thus obscurmg the

o plus-mmus eff Ct. A subtracted probe, on the 3ther hand. increases the acuvxty _‘

concentrauon of the probe specxfic for differential genes >20 fold, while keepmg ‘

 —

constant or even. 1owermg the total amount of radto#ctlve probe used m the L

v hybnduauon, thus the sxgnal to backgmund ratio is much fugher This- 1dea suggests

. that hybndtzatton competmon mxght also achxeve hlgher levels of sensmvrty, if very ‘

. hlgh actmty concemrauons of probe are us°9"

'.'5 Subtracnve Hybndzzauonto Generate Subn'actedbbrmes o | o

The ablhty to 1solate dxfferenual gene sequences physncally by subtracnve :

hybndxzauon means that these sequences themselves can be cloned to make a o

o subtracted hbm-y wluch is hxghly ennched for the sequences of interest: Subtracuve -
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. cloning of thts lnnd was ﬁrst done by Sargent and Dawxd (1983) using a single cycle

of hybndtzanon and hydroxyapante separauon as desd:nbed above. This subtracted
cDNA ltbrary contained dtfferenttal genes derxved from the lowest abuntfnce claSs of

mRNAs These results are niot surprising, since if the dtfferenual sequences (gastrula
vs. oocyte see Table 1) rcprcsented (f:[gexample) >6% of t}te mRNAs, and since the
ltbrary was ennched 15 fold for dtfferential sequences, then such sequences would
| theorencally be present in >90% of the clones in the library. If the dtﬂ‘erenual genes are,
dlstnbuted evenly into the three abundance classes of mRNAs, then roughly one- thmd
'of all the clones in the hbrary will contain low abundance, dtffexenttal sequences

B Indeed the authors found that 84 randomly chosen clones all gave a hxghcr or negauve

. srgnal when probed wrth gastrula cDNA probe compared to oocyte cDNA probe (clones

whxch grve a neganve s:gnal represent low abundance gastmla-spectﬁc sequences)
Davts etal. (1984) constructed a B- lymphocyte specxﬁc cDNA library, b)/ subtracun g
T-lymphocyte sequences These cells dlﬁ'er by =2% of thctr mRNAs, so that 40-80%
~‘ ~of the clones in the subtracted library (esnmated to be ennched 20—40 fold) contamed

- B—oell specxﬂc sequences Clearly subtracuve clomng represents a powerful method for

B ’makmg a permanent collectton of dxfferenual genes, whxch can then be studled
‘exhaust'ively o R | s
6. Subtracted cDNA Probe Used on Subtractestbranes .
If a subtractive’ ltbrary is not hlghly ennched for d1fferent1al sequences

B dtﬁ'erenual‘geﬁ’es can still be lsolated if the hbrary is screened with probe also prepared

o by- subtracuVe hybndtzauon 'I'lus combmed approach‘was used by Hednck et al
L ( 1984a) to tsolate the gene encodmg the B—chmn of the T-cell anugen recepmr (Table 1)

i - In t.hts case the subtracted hbrary was ennched -20-fold for T—cell spectﬁc sequences ,
’ *'.:'_ (vs\ B-oell). and thus -40% of the clones represented T—cell Spemﬁc sequences The _ f | K

. -"_‘cDNA probe was made from a specxal~subset of the. T-cell mRNAs (those codmg for

—~

;oo
£
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secrewd or membrane- bound proteins), and was aten depleted of sequences common o .

B—cells by subtracuve hybndtzauon (In fact—a number of T-cell specrﬁc clones were ‘

o 1solated by tius method. The T—cell receptor gene was 1denuﬁed from among these by

| further demonstraung that the conespondmg sequences were reaxranged in the genome -
of T-cells compared to B-cells or liver cells.) Screemng a subtracted: hbrary wrth a
subtracted probe is not significantly different from screemng an unselected hbrary but -
the subtracted hbrary contains a higher proporuon of dtfferenual genes and this’ means -
 that fewer clones need to be screened Thrs can be a parucular advantage smce the

_ amount of subtracted probe is often limiting, so that only a few filters can be,scrc.ened, g

1. Cloning Low Abundance Differential Genes- Which Method is Ap ropriate? . |

The dlfﬁculty of ﬁndlng c¢DNA clones contatmng differential genes depends ona ..

number of factors If the task is simply to dlscover any differential gene Wthh may be

.‘ present, the magmtude of the task depends on the s1ze of the dtfferenual If the

dlfferentlal -represents 25% of the mRNAs, c’lor_t;:s_gan be plcked at random ang

one-quarter wrll contain the desued gene. Dependmg on the abundance d.lstrlbutlon of

' the d1fferenual genes. perhaps as many as half of the dlfferennal clones will’ contam
low. abundance sequences (e.g. bram speclﬁc sequences) In tlus case the size of the

_‘brologrcal differential is very large, however S0 that the task of dxscovenng the H
blologlcal sxgmﬁcance of any grven drfferenual sequences is dtfﬁcult. If the drfferenual\
'1s small (say 2% of the mRNAs), then a random strategy is unlrkely to yteld a ‘b :
| ;d1fferent1al gene, and another approach is requu'ed The plus-rmnus strategy is

, reasonable. but the set of d1fferent1al genes chosen w111 generally be lxmtted to the htgh

| ‘ and moderate abundance class mRNAs These may represent more than half of the total
N quanuty of d:ﬁ‘erenually expressed mRNA and consutute a btologlcally mteresung and

. llmoortant set of sequences However, 1f the mvesugator WIshes to dlscover low i

| . abundanee dtfferenual genes, wluch may also be brologlcally sxgmﬁcant and mterestmg, L
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: 1denttfy the total set of dafferenual genes, and a thhly ennched subtracted lxbrary will

2

then a subtracuve strategy is apparently requtred Subtracted probe will (in theory) :

(in theory) oonsutute the wtal set of differendal genes (Thls type of SImphﬁed analy51s |

propomon whtch fall into the low abundance class will dcpend on the abundance

dlstnbuuon of the dtfferenual set. This may be very dtfferent from the abundance
o dtstnbguon of thc set of mRNAs expressed by the ‘typical mammahan cell' descnbed

above For example, 1f a dtfferenual represents 4% of the total m.RNAs, and mcludes

~ one hxgh abundance sequence, four moderated abundance sequences, and 70 low

abundance sequences, then 84% of the dxfferenual clones ptcked would contain the

same’ high abundance sequence (12 000 mRNAs of 'the. total dlfferennal of 14,250

- doces not mclude dtﬁ'erenual genes from closely related gene famthes which’ would not .
o appear in a subtracted hbrary) If clones are chosen randomly from this set the ; |

mRNAs are the same) 9% would contain moderate abundance sequences ([4 X .

3001/14, 250) and 7% would contam low abundance sequences (f70 x 15)/14 250) o

These very hypotheucal calculauons have a very practtcal concluston The sxze and‘

abundance dxstnbutton of the dtfferenual set of genes wﬂl determlne the method of

low abundance class

| 8 Other Merhods for Clomng Dw’erenual Genes

: chorce and the hkely outcome xf onc srmply sets out to clone d:fferennal genes from the.

Table 1 also mcludes examples ofa number of other strategles whtch have been “

employed to clone dtfferennal genes Stet]er and 'I'homer (1984) cloned a number of

therefore be tecovered frorn total mRNA by phenylmercury agarose chromatography

4 .

e wluch are. mduced in yeast fonowmg cxPosm to matmg thmone Cellswere .

washed and cultured bneﬂy in the absence of uridiae, fonowmg whlch 4~ﬂu°“ndm°:fi .
| ' was added, and then the maung pheromone Newly syntheswed mRNAs, mcludmg" S

5 many wluch wem mdueed by the pheromone, tneorporated throundme and °°uldll



I usmg the plus-mtnus strategy
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RNA was also prepared in parallel from untreated yeast cultures and two resulnng
‘cDNA probes were used to screen a genomtc ltbrary ina plus-mtnus fashton

Clomng of the T4 and T8 molecules (Table 1) was done by transfecttng a mouse “ , |

."ﬁbroblast cell line (L-cells) w1th human_ genomic DNA statmng the resulnng .

,transformants wtth anttbody to. the surface marker of mterest and then 1solat1ng :

| transformants wh1ch scored posmve In thts case a. btolog1cal dtfferenttal was '

amﬁc1ally created by DNA-medlated gene transfer. The human genes of mterest could ,

not be recovered directly smce they did not contam Alu sequences (a sequence WhJCh is

charactertsttc to human DNA and is repeated throughout the genome) and hence a

subtmcttveapproachWasusetL SRR DT //

Genenc vanants that anse spontaneously also provtde examples of b‘ologtcal |

dtfferenttals (tn contrast to those whtch are arnﬁcmlly created as descnbed above) The ‘ :

mutant may contam only pomt mutattons or very small delettons but these may lead to

~ the overproductton or underpfoductton of one or more mRNAs The resulttng

dtffcrennal genes can be cloned “and may often (but not necessanly) lead to the .

: dtscovery of the. ongtnal mutatton In any case the dtffetenual genes are of interest

smce they often contnbute to the mutant phcnotype For example Atkmson etal.: |

e

The dtfferennal genes dlscussed above are’ tdenuﬁed as such because they at:e .
- dlﬁ'crenttal at the genomtc level For example, male cells contatn a Y chromosome not L
;:cloned. An mterestmg strategy to do tlns was developed by. Lamar and Palmer (1984),-. -

. : v‘.'restnctton enzyme melted, and mtxed wnh a lOO-fold excess of denatured female DNA e

o (1985) dtscovcred a sequence whlch was overproduced ina mutant stra.tn of aspergtllus' ‘

B dtfferenttally expressed at the RNA level Genes can also be 1dent1fied whtch aref
e | found female cells, and the sequences wluch are umque to the Y chromosome can be "

i ,'”vwluch they call deletton ennchment and clomng Bnefly, male DNA is cut w1th a: i



‘ whtch has been sheared at xandom by somcauon 'The DNA is allowed 10 anneal to a

‘ .‘hrgh Cot, and is then hgated into a vector whxch has been cut to grve sttcky ends'’

| ‘ compauble wrth those in the male DNA. Any male sequences whtch are homologous to
female wrll hybndtze to these and not result in DNA segmen‘ts wrth sncky ends.! Any . |
‘ " male sequences whtch are umque to the male will hybrtdme only with thetr ongtnal

complement and when they do so they wrll festore the sueky'end Only DNA

segments with sucky ends' Wlll be hgated into the vector, and these sequences wdl"

‘"appear as clones in the hbrar? Tms strategy enabled Lamar and Palmer (1984) to

‘ 1solate a number of § genotmc clones whrch contamed sequences found spectﬁcally on o
| the n munne Y chmmosome - The same strategy can be used to clone those sequences' o
“ 'whtch are present in a normal mdmdual but whtch are absent in a mutant tndmdual -
who has a sxgmﬁcant chromosomal deletion (homozygous .or heterozygous) Genes of ,‘

| thxs type were ﬁrst cloned by Kunkel er al. (1985), who also used a phenol emulsron .’

reassoclauon wchmque (PERT Kohne etal, 1977) to increase stgmﬂcantly the rate of

- DNA reassocumon dunng the annealmg step | _
'I'he ﬁrst part of this chapter mtroduwd the ldea ofa dlfferennal gere, and then

s

: ' went on to dlscuss how the set of mRNAs 1n a gwen cell can be charactenzed, and how -

| , *the set of mRNAs expressed m two dxfferent cells can be compared. This process of ‘
‘, e ‘companson is necessary to deﬁne and charactenze the set of dlfferentxal genes The c

o present secuon descnbes a number of strategles and methods whlch can be used to

= fclone dlfferentral genes 'I'he ﬁnal pomon of this chapter will cons1der a specxﬁc e

btologxcal system ‘where the 1dea of dlfferenual genes, and methods for clomng L

e 'dtﬂ'exennal genes can n be apphed.

R ¢
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. DIEFEREN'I'IATION 01= LYMPHOCYTES DURING AN IMMUNE RESPONSE‘«&‘ B

RS Cells ofthelmmune System and ImmuneRecogmaon LR
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The immune system conslsts of a complex network of cells whxch protect the ;‘
host fmm mfecuon by forexgn rmcro—orgamsms Three major cell types are involved in

| the tmmune response these are macrophages, granulocytes and lymphocytes The »
- lymphocytes have been dmded mto two classes, T—cells and B-cells. accordmg to their

site of maturauon dunng the ontogeny of the tmmune system 'l\cells and B-cells have ‘

" dxffenent funcnons and consequently dtfferent sm'face molecules and these can be used, -

to dtsungmsh the two types of lymphocytes

| 'T—cells and B-cells are capable of specrﬁc anttgen recogmnon in the vertebrate -

) rmmune response B cells recogmze free anngen through cell surface bound N
1mmunoglobtn wrth no other requrrement except anugen/receptor complementanty

:1 | T—cells recogmze anugen only when it is presented on the cell surface in the context of

classI or class II molecules encoded by the major hxstocompatxbtlxty complex ‘Thts" :

. ’mteractlon is sard to be self-MHC restncted in that only anttgen presented on cells v

o expressing self-MHC alleles can be recogmzed Three functtonal classes of T cells

have been deﬁned T helper cells, which sumulate immune responses, T supressor cells r
which mmtmsh immune responses and T cytotoxrc cells, whrch are mvolved in the

- direct lnllmg of cells expressing anttgemc molecules T helper cells usually recogmze |

o ,'anttgen assoctated w1th class o MHC molecules expressed selectrvely on anugen.- o

- presentmg cells (APC) such as macrophagcs or B cells T cytotoxtc ceﬂ'.s"(el’l:s‘)~
genemlly respond to antlgens of cellular orxgtn, such as vrral or tumor anttgens in-

'f‘ assoctauon wrth the class I moleCules present on most cells The mode of recogmuon'u‘

i of T suppressor cells has not been well charactenzed (Goverman et al 1986)

2 LymphocyteAcnvanon " m PR

_ The vanous cells of[‘ the tmmune system occur in. orgamzed trssues and organs o .
B - (e g spleen, lymph nodes, Peyer's patches), and are also present as a recu'culaung pool )
= :.' o m the blood and lymph Nprmally the majonty of the vanous types of lymphocytes are'f
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in a re nng state de are not act’xvated to cause an immunc response However. xf

; tothegenesdlscussedmthe o
’ ."'.ﬁrstpmofthxschapeer It xsdusset ofdxfferennal“ es, andmpamcular thoect"

' expmsed in acnvated T—helper cells, wlnch vnll be consi

secrete free annbodxes w1th the same bmdmg speclﬁcxty as- the ongmal surfmce -
; ) 1mmnnoglobuhn In general however, both the prohferauon of the B-cell and 1ts.‘ N
_ mnnn'anon mto an annbody secxenng cell depend on soluble factors released by T helpe:‘ ;

lymphocyws m pronmxty to the B-cells (Klslnmoto, 1985) ('l‘he excepnon to this ‘
‘generahzauon is Lyb 5+ B-cells [Paul 1984] ) Furthermore, as the anngen-secreungkl" -
| ,: _ ".B-cellmann'esnmay swnch theclassofxmmunoglobuhns secreted (eg fromItho N
: :" ‘,fIgG). and thxs class sthch is also beheved to be dependent on soluble (or ccll surface) o
- ‘molecules ptoduced by T-helper cells m the vxcxmty (Tesch e aI 1986) , -
. Cytotoxlc T lymphocytes become acnvated after they bmd to thelr target cells '
. :Tlns bmdmg is mediated by the T-cell anugen receptor (revxewed in Kronenberg et al j e

, f; xeeogmw its target. It has been suggested :hat the acuvated cytOtOXIC ce | ‘may dcstroy‘.f" |
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1

its target by secretmg a pore formmg protem into the contact zone between lhl‘ effector

: and target cells (Young and Cohn 1986). Lobe er al. (1986), and Gershenfeld and
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Welssman (1986) have dxscovered CTL spemﬁc cDNAs whléh code for novel

proteascs The uanscnpuon of thesc protease gcnes appears 1o precede the °, < of

‘ cytolyuc acuwty, and it has been suggested they may play arolein CI'L acuvauon A
0 Shave: shown that, in addmon to target bmdmg, the actxyauon of

‘ "CI'Ls may requj > one or more soluble factors made by T he\lper cells (Wagner and =

Rolhnghoff 1978) A recent report also mdxcates that a T—helper cell denved soluble

factor may acuvate CI'Ls mdependent of antxgen bmdmg (Mllanese et al 1986)

" The. 1dea of acuvatron of spemﬁc T—supressor cells from a resung state to one

where they are acuvely suppressmg one or more 1mmune responses has been l

- conmdened in the literature ('1‘ ada, 1984). However in general such an’ acnvauon evgn

facwrs have becn punﬁed and molecularly cloned

’\

is poorly understood, and will probably conunue to be SO unul spectﬁc suppressor '

P
t

The acuvauon of T-helper cells requm:s the presence of an accessory cell lmown‘ |

- as an anugen presentmg cell (rev1eWed by Schwartz, 1984) Antigen presenung cells

|, are cells which express MHC. class 11 molecules on their surface ‘and mclude '

macrophages, B-cells, epuhehal Langerhans cells and the specxahzed eplthehal cells of

the thymus It is now apparent that thesc cells functlon by breakmg down and .

denatunng large antlgen molecules (anngen processmg‘), and then afﬁxmg the

resulung pepudes to the class II molecules on thetr surface (Germaxn 1986) The

u‘&helper cellis acuvated when i 1t bmds to the combmauon of the class II moleculc and
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mtcrlcukxn 1. Flgurc 1 glvcs a schcmauc representation of the process which occurs

: during the acnvanon of a T—hclpcr ccll The ﬁgurc also indicates that thc requirement

. for proccsscd antigen plus class II moleculc bmdmg to the T-cell antigen receptor can be ‘
bypassed in vitro by the addmon of mitogens (such as concanavalin A or

phyua\cmaggluumn), or by ant-T3 anubody whxch binds to the T3 complex associated

with the T-cell antigen reccptor Furthcrmore thc reqmrcmcm for interleukin 1 can be

bypassed in vitro. by the addition pf the tumor promoting phorbol ester PMA (phorbol-

12~myrismtc-13-m;ctatc). ' A' | |

Thc activation of T—hclpcr cells causes the cells to prohfcratc and to secrete a.
numbcr of solublc factors (lympholcmes) which in turn act on the various cells of thc
immune systcm to cffect an immune response.  For example, lymphokmcs produccd by
T—hclper cells are known to be required for the growth and differentiation of antibody -
sccrctmg B-cclls Slmxlanly, T-hclpc&dcnvcd lymphokmcs are apparcntly required for
thc gmwth and acuvatxon of cytotoxic T-cells. In this way T-helper cells have primarily
a n:gulatory function, rather than a direct effector function during an immune response.
A number of the lymphokines produced by activated T-helper cells aréShown on Figure
1, and some of thc} will be discussed briefly below.

It has‘recemly been shown that not all activated T-helper cells produce the samje
sct of lymphokmcs. and that they can be classxfied into two major groups according tq\)
the lymghokmes they produce (Mosmann, 1986). For the purposcs of this discussion,

however,“’l‘ -helper cells will be considered as a single group In general, when T
’ helper cells. axe activated, they begin o cxprcss a new set of gcncs, and thxs induced set
of genes includes a number wluch chc for lympholnncs ‘
.3 Lymphokzm Secreted by Acavated T-Helper Lymphocytes

» Perhaps the best known of the lymphohnes secmwd by acnvawd T-helper cellsi 1s
vmterleuhn 2 (11.2) Thxs lymphokme has been well charactc,gzcd, both bxochemxcally
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Processed antigen
+ class I MHC ®

Lectins of T-Cell Receptor -

Anti-T3 Antibody Interleukin 1 (IL1)

l ,
B or ,

/ PMA
Activation :
Increased free of protein

Calcium kinase C -

(Signal 2)

Interleukin 2 (IL.2)

- Lymphokine Production ~ Colony Stimulating Factors

T-helper Interleukin 3 (IL3)
lymphocyte o
‘ \ Gamma Inte¥eron
Interleukin 4 (IL4)
B Cell Growth Factors

B Cell Diffcrcnﬁaﬁon Factors

Other Lymphokinés |

FIGURE 1. The activation of T-hclpcr lym ocytes results in thc producuon of a

number of lymphokine molecules.’ The activation process is believed to require two
signals, as illustrated above. When the T-cell antigen Cp_tor—'l‘:} tomplex binds to -
proccssed antigen in combination with self class ' MHC molecules, a series of cvents
results in the mobilization of intracellular calcium. The antigen requirement can be by-
passed by lectins such as Con A, or by anti-T3 antibodies: The second signal occurs
when interleuikin 1 bingds to receptors on the T-cell surface, ‘and results ip the activation
of protein kinase C. Tlie requircment for interleukin 1 can be bypassed by the phorbol *
ester PMA, which is known to activate protein kinase C directly. In normal helper lym-
phocytes these two signals in concett resultin the secretion of a number of lymphokine

~molecules, and not all of these have been ‘well characterized. The ideas about lymphocytc

- activation upon which this figure is based are found in Truneh et. al.; 1985; Weiss et al

; 19843 Wclss et al., 1984b;, Nxshxzuka, 1984; and chss et. al 1986 ’
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.'and. in terms of its immunological funcdon (reviewed in FaxraAr et al., ‘1982),‘ The
cDNA's coding for bom human and mouse IL2 have been cloned (T a‘n'igx'xich‘i etal,
1983; Kashima er al., 19'85) and the recombinant proteins have been prod‘uccd using

- both procaryotic and cucaryonc cxprcsmon systems. The human cDNA soqucncc codes
for a protein of 153 amino acids (thh a signal scqucnce of 20 amino acxds) and“
mouse IL2 protein is 169 amino acids in lcngth IL2 appears to havc blologxcal effects

, on rm}ny d;ffextn; populanpns of lymphocytes, but its primary cffcc;t isin promoung the
growth of responding T-cells. To exert its biological effect, IL2 must intcract with

| specific hlgh affinity membrane receptors (Grccnc and Leonard, 1986) Wthh are
cxpn:sscd on the surfacc of the relevant cells following activation by anugcn or mitogen
V(Leona'rd etal., 1985). IL2 causcs the in vitro proliferation of cytotoxic T—ccll lines,
and this is the basis for a number of biological assays for the lymphokine (Gillis er al. ,

" 1978); IL2 ls known to induce prolifcratiog of mitogen treated thymocytés and 16
augment the proliferation and genc@ﬁon of cytotoxic cells by zﬂloantigen-‘stimulatcd‘
T-cell populations (Farrar et al., 1982);. IL2 also augments the growth of helper T-cell
lincs in the presence of syngeneic antigen pfcscnting cells and antigén (Fathman and
Fitch 1984). A large number of other blologxcal effects have boen attnbuted to IL2,

‘ such as an mdm:ct effect on B-cell growth and dlfferennanon (Inaba etal, 1983
Howard et al 1983), and an cffcct on the mducnon of natural killer ce and . |

Al

lymphocytc-acuvatcd klllcr cell acnvmes (chncy et al 1981) Thls l 4
. 'suggests that IL2 may have a usc in the immunotherapy of cancer, and chmcal ria

this form of thcrapy are cumntly undcmay (Rosenbcrg, etal., 1986)

granulocyte and macmphage colomcs (hdctgalfe, _1985). ’I-Thc cDNAs for murixie and

. ) ' T N . "
- Lol . . P
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Al
i

human GM-CSF have been cloned (Gough etal, 1984* Wong et ql l985' Lcc etal.,
1985) the (mature) murine protem is =-l24 amino acxds and the (maturc) human
protein’ =127 ammo acids in length. Another colony sumulatmg factor known as
muld-CSF causes the pmhfcranon of a w1dc range of cells, including csscnually all of
the cell types found in the bone marrow. Interleukin 3 (IL3) is of T-cell ongm and
. although iricluded in the multi:CSF complex it does not act on crythrmd or stem cell
populauons (Metcalf, 1986). The cDNA for murine lL3lhas been cloned (Fung et al.,
1984; deota etal., 1984), and the processed polypcpude appacently contains 1.40

. ammo acxds
Acuvatcd T-hclper cclls also producc a numbcr of other lympholcmcs (Figure 1).
Immune interferon (gamma interferon; miurine) consists of a peptide of 136 amino

' acids the §cqucnce of which was derived from lhc c¢DNA sequence (Gray and

Ty

. Goeddcl 1983). Gamima interferon sumulatcs the phagocyuc and tumoncxdal activities . -

- of macrophages, and increases the cxprcssxon of MHC class I and I rnoleculcs on
macrophagcs (Sweg etal., 1982; Nakarmna etal., 1984 Paulnock King et al., 1985)
~ Several lymphokmes madc by activated T-hclpcr cells havc an effect on the growth and . .

-
3

dxffercnuanon of B-cells, and thesc are known as B-ccll growth factors (BéGFs) and "
‘ B-cell différentiation factors (BCDFs) (Howard and Paul 1982; szhlmoto 1985)
oo 'I‘he nomenclature in this field is snll evolving, and can be confusing. For cxamplc '
. ’BCGF-l is requm:d for thc prohfcmnon of B-cclls followmg the blndmg of anngen or
'Ilanu IgM anubodxes to thcu' surface mmunoglobuhns, but this lymphokmc alone wxll L
“ “also snmulate 1;gsung Bocclls, and it has therefore also been callcd B-ccll sumulatory o
-‘ ‘:factor (BSF—I) 'I'hc cDNA. for this pmtem (munnc) has reccntly bocn cloncd (Lcc er .
- ‘al., 1986 Noma et al 1986), and the reqomblnant protcm has been shown to havc a

.. ‘ large numbcr of cffects These include the promonon of growth in anu-IgM acnvated

-cells, dxffcrcnnanon_.m certain B-cclls (to IgG1 and IgE secrcuon), cz_sprcssxon of -
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class I MHC. molecules in B-cells and growth of mast cells and ceftain T-cells. ’I'his '

: lymphohne has been named interleukin 4 (1L4) and the cDNA sequence demonstrates

0

thattheprecursorpolypepude is l40armnoactds1nlength S
4. Isolatmg New Lymphokines by cDNA Clorung |
thh both IL2 and ILA4 it is clear that a smgle lymphokme can have a large

number of btologlcal effects; and furthermore that a smgle bxologlcal effect (e. g

@

' promoung T-cell growth) can be caused by more than one lympholqne &Thxs makes the ;

purification of these molecules a cnucal step if we are to understand how the Vanous

| lymphokines paruc:pate m and regulate the i unmune response This. process is-all the

more dlfﬁcult consndenng that very small quantmes of lympholcmes are, 'secreted by :

‘normal lymphocytes ‘One strategy to isolate and puxify the vanous lymphokme

molecules Would be to clone the cDNA molecules codmg for them ﬁrst. and then use o

recombmant DNA technology to express the proteins (using exther procaryotic or

W'

eucaryonc exg;ressxon systems) Acnvated T-cells make a large number of other
lympholcmes (Fxgure 1) whtch have not yet been dxscovered. or tftltscovered are in

K the most prehmmary stages of charactenzanon 'I‘lns makes a duect clomng approach to .

the study of lympholnnes even more attractive. The problem is how to isolate cDNA

,sequences whxch code for lymphokmes when notlnng is known about the protexns )

\ "I'hxs thesxs suggests that one solunon to tlus problem may be to use a dxfferennal o

‘clomng approach Resting T-helper cells do not produce lymphokmes, whereas

. '_codmg for lymphokmes Moreover, the clomng of non-lympholcme genes whxch are .
‘ ‘mdueed dunng the actlvanon of T-helper cells may also be useful in understandmg the e

. blplogy of 'I‘-helper cells and the process by whxch they become acnvated

“

e ,“.acuvated T-helper cells do the genes whlch are mduced durmg acuvauon represent a .
o dlﬁ'e:entml set whxch can be cloned dtrectly and should be hlghly ennehed for cDNA's
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Punﬁed normal'l‘ helper ?lymphocytes are dxﬂ‘rcult to‘obtain in large numbers,
"and when obtained still represent a very -hetmgenous“pWMadon of cells For the
purposes of the work descnbed in' tlns thesis large numbers of cells preferably of
clonal ongm, were requmed For tlns reason it was decxded to use a tumor cell hne \

".whtch can serve as a model for helper T-cell acttvauon This is the murine thyrhoma

- cell lme EL4 (Farrar er aI 1980) Ordlnanly EL4 cells grow rap1dly in culture " .

'(doublmg ume -12 hours) m non-adherent grape lxke clusters and secrete no known
lymphokmes However followmg addition of the tumor promotmg agent PMA, thc

" cells: stop growmg, become adherent and more granular i in appearance and begm to |
secrete 4 nurnber of lymphokmes including IL2, GM-CSF, L3, BCGE-1, BCDFu,q'
and a number of other factors whtch have not been well charactenzed (Paetkau er al.,

1984) Thus PMA treated EL4 cells appear to m1m1c T—helper cells whlch have been
acuvated by anugen and IL.1 (thure' 1), hut EL4 cells appear to requme only one of the
two st als (PMA activates protetn kinase C) which are normally reqmred (Fu_]rta etal.,

1986) Desprte the dramauc induction of specific lympholnne expressxon the overall,
N expressed repertoire of EL4 cells is. not altered greatly by sumulat:on wrth PMA“‘

(Paetkau et al 1984). A second human T-leukemxa cell hne (Jm'kat) can be mduced to-il o

' «secrete lymphokmes by the addmon of tmtogens and PMA’(Gllhs and Watson, 1980) o |
o and thls cell line was also used i m ‘some of the prehmmary studles of lymphokme gene’ .,
expressxon descnbed in Chapter III ) : B

i

.~ E. THESIS oamcnva S
The ob_;ectwe of thrs study was to 1denufy and charactehze a number of the

. , .mRNAs wluch are mduced in the mouse T-lymphoma cell lme F.L4 when itis treated : "

. . thh PMA To achxeve the objecuve, reoombmant DNA techmques, together wrth

B
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subtractive hybridization were used to isolate cDNA clones repres‘cntativé of the

' PMAinduced mRNAs.
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A CELLCULTURE

L Cell Culmre Medmm .
- The tissue culture medxum rcferred to as RH is based on RPMI 1640 (beco
V‘Laboratones) w1th the addition of 20 mM sodrum btcarbonate 0. 34 ‘mM sodxum
. pyruvate 0.02 M ES (N -2- hydmxyethylplperazme-N' 2 ethansulfomc acxd)’
(Sigma) ad]usted to pH 7. 3 and supplcmented w1th 100 I.U./ml pemcxllxn G potassmm :
‘(Ayerst) and 100 18 g/ml streptomycm sulfate (Gibco). RH with. 10‘4 M
" B- mercaptoethanol (Bakcr) is referred to as RHM and RHM w1th 10% (vlv) heat |
macuvated fetal calf serum (thco) is rcfermd»to as RHFM. - All cell cultures were
mcubated under 5% CO, inairat 37°C, 100% humtdlty‘ﬁtless otherwise stated. Large
\ cu]tures were grown in standard glass T-ﬂasks and all other tissue culture was done i m |
- disposable plastic flasks (COSTAR, Nunc or Commg) as appmpnate
.2Cellees', | ~ R
EL4 Elisa subclone of the munne T-ceﬂ lymphoma descnbed by Farrar etal.
(1980) wmch secretes high levels of IL2 when cultured in the— prescnce of tumorl .'
: “promonng phorbol esters. IEH.3B is a subclone of thc human T-cell leuketma hne ; -
| Jurkat (Gllhs and Watson, 1980) wluch was selected for 1ts ablhty to secrete htgh levels -

©of L2 upon sumulauon wnh T-cell mltogens (concanavahn A or phytohemagglunmn) o

| ' 'Thts human T-cell lme glves max1ma1 2 productron whcn mltogens plus phorbol, g
, ) ‘vestets are added to the cultum 'I‘he COS-7 cell lme 1s a srmlan ﬁbmblast cell hne Wthh
K ;has becn transformed by an ongm-defécnve mutant of SV40 (Gluzman, 198I), and' :

| o was obtamed fmm ATCC (Bethesda) The L1210 cell lme is denved from a chemxcalI" o
. .'mduced B-cell leukcmla in mouse strain DBA/2 (chhahdes et aI 1982). and was~' ]

b L . . i '\“, .' '.. S , . ., o . . ‘
S e
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obtamcd from Bxll Pohajdak, Thc cclls used for the ‘TCGF assay were an 1L2 s
dcpcndcnt CI'L h‘nc M'l'L2 8 2, of CBA/J ongm, whxch were dcnvcd by mmum;’auon |
trr vivo. and, rcpcatedly, m v:tro wnh BALB/c x CBA/J splecn cells (Blcacklcy etal.,
1982) The: COS 7 and MTLZ 8.2 cells grow adhcrcntly and were passaged‘ o
accordmgly usmg 25mM EDTA" (M'I'L) or EDTA and trypsm (COS 7) to looscn ; “, ‘
I. ‘ 'monolaycrs Allccll hncs were: mamtamed in culnn'c in RHFM, soedxng at adcnsxty of1 o
" 1:2x 10 cellg/ml, and harvesing at a maxifnum density of 2 x 106 cells/ml. Cell lines |
: wcre also frozcn at a densxty of 1 x 108 cclls/ml m RHFM contammg 10% 3
| ‘dlmcthylsulfoxxdc (DMSO) (Flsher Scxcnnﬁc) and 20% fctal calf scrum in 2 ml
. pro—vxals (Cookc Laboratones, Alcxandna, ergxma) by placmg vials at 700 C
- ‘ovcrmght ina styrofoam box and then transfernng them © hqmd nitrogen for long term
| storagc Pcnodlcally (every two to throe months) ongomg cell cultures were replaccd
' thh frozen stocks Thcse wcnc thawcd at room tempcraun'e dihited into 10 ml RHFM
| “ | ccnmfuged at 250 g for 7 mmutcs and resuspended in fresh medla. |
" “ 3 Reagem
| HPLC punﬁed samplcs of cyclosporm A (CsA) ,wcrc obtamed from Dr. F
| " "Pasutto (Departmcnt of Pharmacy, Umvcrsxty of Albcrta) \The cyclosporm was -
‘ ‘E‘dxssolved in DMSO ata conccntranon of 5or 10 mg/ml and whcn reqmred was dxluted
- ‘ to desxred concentrauons m RHFM Phorbol 12-mynstate 13 acetatc (PMA) (Sngma)
was dlssolvcd in cthanol (l mg/ml) and dlluted w1th RH to a 5 ug/ml stock

: f"Concanavalm A (Con A) ( Calbxochem) was made up in RH ata concentratxon of

”.‘,‘2mg/ml and filter-stenhzed Cyclohemmxde (Slgma) was made up m

S phosphate-buffered salme (PBS) at a conccntrauon of 500 ug/ml All thesc rcagents

CE were stoted at -20'(: DEAB-dcxtran (Slgma #9885 45,000, 000'mw, chlondc form)
= ,v‘_}ﬁlwas dlssolved in RH at a concentrauon of 2 mg/ml and ﬁltcr stcnhzcd. Dexamcthasonc

v f'“n, : (K-lme pharmaceuucals, Downsvxew, Ontano) was dxluwd m RHFM to a conccntrauon



k ~of 500 pg/ml. These last two reagents were stored at ‘4'C; .
4 Sﬁ'mulanon of CelI Lmes to Produce Lympholcmes

+In order to mduce 11.2 synthesrs. healthy ELA4. El cclls m log-phase gmwth e |

| (densrty not greater that 1 x lO6 cells/ml) were resuspended ata concentrauon of l X

lO6 cells/ml in fresh RHFM contammg 20 ng/ml PMA To mduce maximal Il_2 "

producnon by the Jurkat cell lme hcalthy cells in log- phase growth werc resuspcnded | -

atlx lO6 cells/ml in RHFM contarmng both PMA (20 ng/ml) and Con A (30 pg/ml)
- "'Cell pellets (for RNA exu'acuon) and supematants (for L2 btoassaJ) were separated by,

3 . ccnmfugauon at 250 X g for 12- 15 minutes;, Cclls were harvested at various umes

o generally bctween 12-24 hours, as w111 be. mdlcated. i
5. Blologtcal Assay for IL2 Acnvuy R o
| The standard assay for IL2 is based on the abthty of a test sample to induce -
proliferation of the IL2-dependent cell line MTLZ 8.2. Tlus cell line will grow only if | -
IL2 is present, and raptdly dxes (24-48/ hours) if the lymphokme lS absent. Two .
h methods of measunng cell prohferauon have been’ used. the ﬁrst mvolves measunng the |

mcorporauon of [ml]-dIUrd mto newly synthcsxzed DNA, and the second measurcs

- the ablhty of metaboltcally actlve cells to reduce the tetrazolxum dye

| 3- (4 5-d1methylth1azolyl 2) 2 5- dlphenyl tetrazolxum bromxde (M'I'I‘) to- a blue ,

formazon product (Mosmann, 1983) Two-fold senal dtluuons (m tnphcate) of'w

| . ell-free supernatants to be assayed were prepared m 96-well ﬂat-bottomed mxcmuter_" R

,plates (Nunc), so that 50 ul of RHFM plus supematant remams per well followmg the | ‘,
f dlluttons 1 X 104 MTL2 8 Zcellsm SOulofRHFM—\Tvem then added perwell and o |
s 1-the culttmes mcubated for elther 24 hours (’”I-dIUrd assay) or 48 hours (M’I'l‘ assay) '

: “For the M'I'I‘ assay, fourto sxx homs before measurement, 10 p.‘l ofa 5 mg/ml aq“wus., -

N ,‘solutmn of theM'l'l‘ dye (Slgma) was added per: wcll At the time of harvest, 20 tu of . -

10% N-lauroylsarcosme (Sarkosyl) (ngma) was added to each well, and the trays were :L“"

' . Sy
. £ feeonit



mcubated for an addmonal 30 mmutes at 37 C i in order to solublhze the cells To
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. dissolve the dye and bleach the phenol red color of the cultures, 80 p.l of 0. 04N HClin

- 2- propauﬁ(l 290 v/v) was added. and the samples wene mlxed for 2 minutes on a

vibrating platform (IKA Schuuler MTS4, Janke and Kunkel) The color was allowed

to develope for 15 tmnutes at room temperature and the absorbance of each of the wells :

* was determined and recorded automaucally using a Dynatech MR600 ELISA plate
reader (570 nm test and 630 nm reference wavelengths) For the dIUrd assay, 50 ul

TRHFM contammg . [5- 1251] dcoxyundme 2 p Ci/ml, 700 Cr/mM)

5- fluorodeoxyundme (50 p.g/ml) and inosine .1 mM) was added to each well 6

‘ hours before harvest.. Fifteen rmnutes pnor to harvest the medla was removed usmg a

pasteur ptpet under low vacuum, and 50 pl 20 mM EDTA was added to . each» well

g Cells were collected on glass filters using an automated cell harvester ('l“ttertek Flow o

. Laboratones), and the radxoacuvrty measured. 2 actmty was expressed in terms of

~ EDyq uaits,in whtch 1ED;, Ufml generated 30% of the maximum response obtained

w1th satmaung L2, Thts is the same as the dlluuon of IL2 that gave 30% of maximal
response (Recently IL2 acuvmes in Dr Paetkau s laboratory have been based ona
laboratory standard. and are referred to as standard units' [Hooton etal., 1985] ) |

“ : ‘:B ISOLA'I'ION AND CHARACI'ERIZATION OF RNA | : L ‘

| _.:;, ‘ll Large Scale Isolaaon ofTotal Cellularand PolyA"‘ RNA o o _-'

After 16 hours of culture total cellular RNA was rewvered from vanous groups . :

. . 'al 1979) Homogemzauon was done m a Sorvall smgle-blade homogemzer, usmg .

three 30 seeond cycles wnh eonstant eoohng on ice 3.2 ml of the homogenate was‘ 3

‘(‘

| ) f:-‘-‘\r-'ofcells (2-3x109 cells per group) by homogemzmg the cell pellets in 10-16 ml of 4 M i}
o 5 guamdtmum thxocyanatc (BRL), 0 5% sodmm N-lauroylsarcosme, ?_'5 mM sodmm“;
;_f‘-;"cmm (pH 7 0), o 1M 2-mercaptoethanol and 0. 1% s:m anufoam A (Chlrgwm et' s
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rotor (36 000 RPM x 12 hours at 20'C) The supernatant was asptrated and the pellets

44

| layered over r2 ml of 57 M CsCl, 0.1 M EDTA pH 7. 0.and the RNA was pelleted |
a through the cesium, chlonde by centnfuganon ina Beclcman Sw 50 1 swmgmg bucket |

rmsed qulckly and gently with i ice cold, autoclaved water. The RNA pellets were |

dtssolved in 10 mls of 25mM F.DTA 0 l% SDS with gentle heanng (42‘C) shakmg,

‘and vortexmg, and debns was removed from the RNA solutlon by‘slow speed‘

centnfugauon (4000 RPM x 10 min, in Sorvall SS34) The RNA was made 0. 3M in"

| sodxum acetate (pH 5 3) and precxprtated by addmg 2 5 volurnes of 95% ethanol and
| stonng at -70°C overmght. The pellet was collected by centnfuganon (12 000 RPM x

30 min. in Sorvall $S34), dned in the lyophthzer and dlssolved in a small volume of

10 mM Tns- HCl1 pH 7.4, 1. mM EDTA, 0 l% SDS LtCl was added to a ﬁnal '

concentratton of 0.5 M, and Poly At RNA Was 1solated from this matenal by three

consecutwe cycles of adsorpnon to and elution from ohgo—d'l‘ cellulose (Collaboratrve

Resean:h) usmg 0 5 MLiCl for loadmg, 0 1 M LiCl for washmg, and LiCl free buffer -

for elutmg the column, as descnbed by Bleackley et al (1981) Thepoly A* fracnon

| j was precrpltated twice (usmg sodmm acetate and ethanol) and ﬁnally resuspended in

water Tlus matenal was used ctly for makmg northem blots for translanon in
wheat germ lysates or oocytes for generaung cDNA, for subtracnve hybndlzauon and
forcaplabelhngasdescnbedbelow , BEREE o
2 Small S;gl’e 1solanon of Cyroplasmtc RNA and Poly A"‘ RNA for Northerh o

. .

Total cytoplasmtc RNA was harvested from O 5 2x107 cells usmg thts small;'..‘, ,

\

- ?, scale 1solat10n procedure Cell pellets were washed once m PBS pelleted and -
| resuspended m % m of ice-cold 10 mM 'rnsfﬂm (pH 8.0), 1 mM EDTA ('l‘E) Cells L
. were lysed by the addmon of tv\vo 10 u.l ahquots of 5% Nomdet NP-40 (Stgma) thh 5". 2
o mmutes mcubanon on 1ce between the addmons. Nuclet were pelleted (15 OOQx g, "" \
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~ minin a mlcrofugc), and thc supcmatant was mmsfcrred to a1.5ml tubc contammg

-
300 u.l TE, 20 p.l 10% (wh) SDS and 10 ud of 2 mg/ml protcmase K (BRL) Thzs :

mixture was mcubawd for 30 nnnutcs at 37 C, and RNA was precxpnated with sodlum ‘

| acctatc (0. 3M pH 5 3) and 2 5 volumcs of ethanol ( 70'C ovcrmght) RNA was

recovered by ccﬁmﬁxganon in a mlcrofuge and thc pcllct dned and dlssolved m 25 mM

‘ EDTA 0.1% SDS Thxs matcrxal was cnher run dxrectly on gels to make northcm
: blots, or usod 1o obtain poly A+ matcrlal For the latter 20ug of RNA (concentranon

dctcrmmcd by ﬂuonmctry) was hybndxzcd to 0 5 cm2 of I-beondmrl mAP paper.
(Amcrsham) and poly A*’ RNA cxtractcd followmg thc manufacturcrs duecnons

.Bncﬂy, ahquots of the RNA soluuon were. placed on the mAP pleccs whlch had becn
“ Isoakcd prcvxously in 2X SSPE (0.15 M NaCl 0. 01 M monosodfum phosphatc, 1 mM

| EDTA Mamatxs et at ., 1982) Thc RNA solutxon was drawn through the mAP by

placmg the mAP plcccs on scvcral laycrs of Whatman 3 mm ﬁltcr papcr The mAP o

B pxeccs wcrc washed scparatcly in0.5 M NaCl ‘using a Costar 6—wcll d1sh (thrcc 5ml

washcs. cach lasnng 10 min at room tcmpm‘aturc) and ﬁnally in 5 ml of 70% ethanol i
for 2 min, Thc alr-dned mAP pleces werc tr'nsfen'ed into 1 ml of dlsnllcd witer in a ,

‘1 5 ml tube and heated to 70‘C for 5 tmnutcs to relcasc the poly A+ RNA Yeast ~.

: tRNA (20p.g) was addcd to the tubc as camer, and thc RNA was preclpltatcd wnh( ‘

‘3 Translanon ofPoiyA"' RNA in Wheat Germ Exxracts ST

e ethanoi and03M sodmm aoctateasbcfore 'I;hls matenal was redxssolvedm 25 mM ,
»‘g'EDTA OI%SDS andnmonnorthcmgclsasdesmbedbelow j o 2 / E Rt

v

e

- ' v e

Wheat germ cxtracts treated wnh mlcrococcal nuclease were purchascd from i

t BRL, and used essenually as descnbed (Harmsh et al 1986) Standard mcubanons e
_,.‘--?(30;11) ntamed 50 mM KOAc, 07 mM Mg(OAc)z, 50 pr [3531 methlomne L
| '(90(»11 Cl/mmol.NEN) 20 mMHcpes (pH75). 12 mM ATP, 01, mM GTP 557

mM creatine phosphm, 02 mglml creatine kmase 80 u.M spcnmdmc, 50 ;;M éach of

vy

I T A : . : A SN . . . [ ) _— )
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19 amm\al‘)ds\ 33% (v/v) whcat gcrm cxtract and 1-6 ug'of RNA Translauon nnxcs :

wcre mcubatcd /ior 60 min at 25 C and tnphcatc 8 u.l ahquots were. thcn assaycd for ‘

[

| ‘. ILZ acuvuy

[

| 4 Translanon of Poly A*’ RNA in Xenopus laevis Oocytes o
chale Xenopus laews were obtamed from NASCO InL Corp, (Fort Atkinson

WI) and mamtamcd in the Dcpartmcnt of Zoology Umvcrsnty of Albcrta Frogs were -

sacnﬁccd and the ovaries removcd and placed in Modified Barths Solunon (MBS). (88
mM NaCl 1.0 mM KCI 24 mM NaHCO:,, 0.82 mM MgSOA, 1.5 mM Tris-HC1 pH

] 7.6,0.33 mM Ca(NO3)2, and 041 mM CaCL,), Individual cocytes ‘were ‘teased from, :
"' the ovaries usmg blunt and sharp dissection. Thcsc oocytcs wcre washcd in MBS and

mlcm-m]ected with »50 nl of poly A+ RNA (2 mg/ml in water), usmg a 12X dxssccnng ”

R mlcroscopc and a mxcromampulator chro—ncedlcs wcrc hand- pullcd from custom l»

/ glass plpcts (N51A glass, OD 00665" ID 00555" Drummond Scientific,

‘ Broomall PA) and mjccuons were donc undcr ﬂuorcsccnt ulummanon to prevqnt the . “

needlc ﬁom drymg out. Followmg xmcrolnjecnon, oocytcs werc mcubated mdlwdually :

. ) m mlcro-wclls (tcrxzaln plates, Falcon Plasncs) at room tcmpcraturc in MBS (-30' |

B ul/oocytc), and harvcstcd at 60 to 72 houxs Thc hqmd surroundmg thc oocytc Was .’ e

)

2 ,.harvcstcd before removmg thc oocytes, and supcmatants and oocytc lysatcs wctc

assaycd scparatcly for IL2 acnwty Thesc numbcrs wcrc combmcd to ylcld the total

arnount of IL2 prodnced pcr oocytc In bxoassays of u'anslated pmncms (whcat gcrm orh‘ R

added to the RHFM to mlnblt proteolyms of thc translatcd prodii’cts ) S
| "_5 RNA Gels andNorthem Tramfers ';.}; ,{'v o 5‘\/ : :

RNA was scparated on dcnaturmg gcls and blotacd dmcctly onto mtroccllulosc or .
| ‘nylon membranes usxhg estabhshcd mcthods (Thomas, 1980) Thc runnmg buffcr .
= ,"’;‘contalncd 20 mM 3—[N-morphohno] propanc sulfonic acxd pH 7 0 (MOPS ngma), 5

i
NS

'w.a

i ’ “‘oodyte), phcnylmeih\lsulphonylﬂ\bnde (PMSf) at a conccmranon of 25 ug/ml was.
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_mM sodium acetate, and 1 mM EDTA,; the buffer was recirculated with a pump during

a7

clectrophoresis (Maniatis er al., 1982), Agarose gels ( 0.8-1.0%) were made up in this

buffer and also comained 0.67% formaldehyde, and 1.0 pg/ml cthidium Bromide.
RNA samples (140 pg) were denatured by incubating at 55°C for 15 minutes in.20 ul

of running buffer containing 6. 5% formaldehyde and 50% deionized formamide

(Fluka. Gemany). Thc samplcs were clulled on ice, and 2 pl of 50% glycerol, 1| mM

EDTA (with o dycs) was added to each sdlil
clcctrophorcsts was momtorcd by addmg loadmg buffer- contammg dye (0 25%
. bromophcnol blue) to one of the tracks which did not contain RNA, ggd gels were run
until this dye had moved two-thirds of the length of the gel.. Gels were destained 30-60
‘minutes in 20X SSC (Maniatis et al ., 1982), photographed, and transferred to either
‘ BABS nitrocellulose filters iSchlcichcr anq Schuell) or nylon membranes \(fiybond;N,

“Am‘c'rst'ia‘m). Prior to transfer the membr:‘n;cs were soaked in 10X SSC, 'and blotting

was donc according to thc mcthod outlined in Maniatis er al. (1982). Followi;{g,

, transfcr the lane origins were marked on the filters and they were baked for 2 hours in a
vacuum oven (80‘C) and then stored at room tcmpcmtm'e
| 14
c NUCLEIC ACID PROBES AND HYBRIDIZATION CONDI'I}K)NS ‘
1. Ohgonucleonde Probes

o

Ohgonucleonde@robes were syntheswed by P. Barr (Chxron Emcryvﬂle CA) on

'  prior to loading. Progress during

an Apphcd onsystcms nucleoudc synthesizer. They were based on the published

sequcnces for human. (Tamguchx etal., 1983) and mouse (Fuse et al 1984) L2 and

' murine GM-CSF (Gough etal. \9{3), and their, charactcnsncs and dcmgnanons are :

glven in ’l‘able 5 Thcse syntheuc ohgonucleoudes were labelled at the 5' end using T4

S pqunucleonde kmasc (16U per.reacno;u Pharmacxa) in an 80 pi reaction containing

 0.5-1.0 g of oligonicleotide, 150 uCi of [gamma-32P]-ATP (New England Nuclear,

-— -
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>3000 Ci/nmol), 50mM Tris-HC1 pH 7.6, 10 mM MgCl2 5 mM dithiothrcitol (DTT),
0.1 mM spcrrmdmc andQ 1'mM EDTA. The rcactxon was incubated at 37°C for 1
hour, and labelled DNA was scparated from unmcorpratod 32P by chromatography over
Sephadex G-SOF using disposable ~1.8ml columns (made from a small pasteur pipet
pluggcd'v;'im glass wool). The buffer for these columns was 0.1 M .NaCl, 50 mM

 Tris-HCl pH 8.0, 1mM EDTA, and 0.02% SDS. |
2. Labelling of cDNA Inserts and Other DNA F, ragments

DNA fragmcnts Wthh had becn purified were labelled by nick translation (Rxgby

et al., 1977) using a kit from Bcthcsda Rcsearch Laboratories (BRL Ganhcsburg.
Maryland) and [alpha-32P]~dC'I‘P (Ncw England Nuclcar >3000 Cl/mmol) cDNA
mscrts which were cut out of 1% low melting pomt agarose (BRL) gels were Jabcllcd

( dxrectly (i.e. without further punﬁcauon) usmg the ‘random pnmcr )ncthod' of
Fembcrg and Yogclstcm (1983). Excised bands wcrc plaqod in an Eppcndorf tubc, and
an approxlmatcly cqual volume of water was added To the rbe- Tﬁc tubc was boiled
for 7 minutes and then cooled to 37°C. 33 pl'of this mixture ‘was added to 10 ul of\‘\\
OLB 2 ul of bovme serum albumin (BSA) (10 mg/ml BRL), 50-100 pCi. of
[alpha-”P]-dCl‘P (New England Nuclear, >3000 Ci/mmol), and 5 units of chnow \
(large fragmcnt of DNA polymcxasc I, Promega ontcc) and the reaction was mCubatcd .
for 3-7 hours at 37°C. The OLB mixture consisted of 250 mM Tris-HCI'pH 8.0, 25
- mM MgC12 45 mM 2‘m;rcaptoemanol‘ 1.0 M Hepes buffer pH 6 6,100 uM dATP,
100 u.M dGTP 100 u.M d'ITP and random hexadcoxynbonucleoudcs (Phannacxa
#2166) at 540 uglml With enhcr method of labelling, labelled DNA was scparated
from umncorpomted basc usmg exclusion chromatography as dcscnbed above for the
ohgonucloqndcs Fmal specxﬁc afuwty of all probes was about 1x108 cpm/p.g

N
/.

3. Prehybridization, Hybridization, and Washing Conditions for Blots

4 f
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Prior to prehybridization all filters were washed gently in 4X SSPE (Maniatis et

49

al., 1982)\ All filters were prchybridizcd at 42°C for 6-12 hours in a solution

‘ containing, 50% formamide (vAV), 5X SSPE, 0.1% SDS, 1mM ATP, 5X Denharts
solution, 200 pg/mt sheared salmon ‘spcrm.DNA, 200 pg/ml yeast tRNA, and 50-100
- ug/ml poly A (Sigma). For oligonucleotide pfohcs, ﬁltcrs were thch washed four dmcs
in 4X SSPE, and hybridized at 42°C overnight in a solution identical to ;hc

pre-hybridization mixture except it contained 20% formamide and 10% dextran sulfate

(Pharmacia). For longer DNA probes, filters were hybridized at 42°C overnight in a

solution identical to the pre-hybridization mixture except that it contained 1X Denharts
solution and 10% dextran sulfate. 1X Denharts solution contains 0.02%, w/v cach of
ﬁcoll, polyvinylpymilidonc, and' bovine serum albumin.v.‘ The Iconccntration of
32p.labelled probes was 0.5 - 4.0 x 106 cprn/ml in all hybridizations. Filters which had
been hybridized with s&hthctic oligonuclcoddc probes were washed three’ dmes (15
minutes each time) at 42°C in. 2X SSPE (or 2X SSC), 0‘.1% (w/v) SDS. Filters
hybridized to longcr probes were washed at 55°C, three nmcs in 2X SSPE (or 2X
S$S0C), 0.1% SDS and three times in 0.2X SSPE (or 0.2X SSC). 0.1% SDS, with 10

minutes for each wash Filters were air dried, wrappcd in Saran wrap, and cxposed to

o vﬁlm (Kodak X-Omat AR) with or mthogg intensifying screens as nec¢essary.

- D PREPARATION OF cDNA LIBRARIBS IN PHAGE LAMBDA GTlO

Thc method used to gcm:rate cDNA descnbed below is bascd on the unpubhshed

Stanford Umvcrslty) and mclndcs many unprovements and adaptauons dcvelgped by
&Denny

'/ 1 Prcparaaan of Clomng Reagents ‘

. A numbcr of rcagents could not be purchased when I constmcted my: cDNA

P

9

“ protocol of T. StJohn J. Roscn, and H. Gershcnfeld (Dcpartmcnt of Pathology, o



libraries. The prcparauon of thcsc reagents is described in ﬂus section.

50

) mmmmﬂmmmmmyml This reagen, which js a useful

RNase mhxbntor in both reverse transcnpuon and uanslanon reacnons was prcparcd by

»

. a method adaptcd from Bcrgcr and erkcnmclr (1979) A 2M solution of vanadyl“

sulfate was prcparcd by adding 2.6 gm of VOSO (Flshcr # V- 8) to 8.0 ml of water,

and dissolving by bmhng in a'15ml corex tube. A 0. 25 M adcnosme solunon was

| prepared by adding 3.34 gm adenosine (Sigma #A 9251) to 48 ml’ watcr ‘and i

dlssolvmg by boiling. While stll hot, the adenosine was placcd ina lOO ml bcakcr

(with sur bar) on a pH meter, and 6 ml of the hot 2M. VOSO4 solunon was addcd =

dropwxsc thh stirring. Thc formation of thc vanadyl -adenosine complcx was sxgnalcd

bya sudden change in the color of the sohmon to dark bluc and a rapxd dmp in the pH :

to =2.5. This solution was mcmatcly titrated t,o‘ pH ~6 by quiickly addmg a pasteur

pipet full of 5N NaOH, followcd by dropwise addition of the Fﬁsc The volume of the.
| solunon was brought up to 60 ml by addition of 6 ml ,of”Wate):r and-the pH ngatcd o’
“7 5 w1th IN'NaOH. The rcsultmg 02M stock soluuon was storcd in l ml aliquots at
-70°C and was stable for scvcral months. Frozen ali uotswcrc uwd 1mmed1atcly after - | -

‘thawing, and then dlscarded.

* b)- Ehngg_].‘amm_]ﬂm All bacterial culmre mcdxa and platcs were madc up' 7

accordmg to Manlatis et al (1982) For growth of phagc, standard LB ‘was

supplcmented with 10 mM ’I‘ns—HCLpI-P7 5 2 mM MgCl2 and 0 25% glucosc A
. stock of lambda gt' 10 was obtained fmm D. Denny (Dcpanment of chroblology,
Stanford Umvcrsny), and was titred on the bactcnal stram KM392 'I'wenty eight
xndmdual cloudy plaques were pxcked from d platc of smtable dcnsxty, and cach’ was
placed in'a separate tube contammg'yml of Q—dll (10 mM Tris-HC pH 7.5, 10 mM-
.MgClz) "The phage particles were: allowed to elute at room tempcraturc for several

hours, then' lml of fresh log phasc KM392 cclls (plaung stock, grown in 0 2% '

e

. »"' et &
i *



| maltose, resuspended in ¢~dll at an 0. D .s00 Of 2. 4) were added to each tube The

. Pphage particles were allowed to attach at room temperatune for 30 mmutes then each
tube was plated onto a smgle large (150 mm) plate, usmg 6 ml of ' top agar' per plate
The plates were mcubated mverted at 37°C for 7 hours, at which ume they were
confluent. Any clear plaqnes present‘on the lawns were removed w1th a sterlle pasteur
pipet, and a plate with a large number of clea!' plaques (50) was discarded. (The Object

" of this was to keep the background of ¢ I'. phage, which produce clear plaques, toa

minimum. ) Each plate was overlard vnth 11.5 ml of @-dil, and plates were left ona .

- rotaung platform at 4°C with gentle a tauon for 24 hours

. ~ The hqutd was decanted, pooled, and centnfuged at 6000X g for 10 mmutem%
_ 4°C to clear debris. 214. 4 gm of CsCl (BRL, ujtrapure) was' dtssolved in 268 ml of the
. phage supematant (67 gm CsCl per 82 ml of ﬂ-dll ytelds a final volume of 100 ml w1th :
a densrty of 1.5 gm/ml), and thrs was loaded into 8 large heat-seal tubes (39 ml
‘I | Beckman) and centnfuged ina Beclcman '1'170 rotor for 35 hours at 40 000 RPM, 4°C.
X “The clear blue bands (x e. phage) near the center of eaeh tube were removed with a
\ syrmge. pooled, and an equal volume of @-dil was added. Tlus was gently overlzud
. (-6 ml/ tube) aprevtously made CsCl step gradrent consrstmg of 3 ml of CsCl i in @-dil -
| (density 14 gou/m) which had béen underlayed with 225 mi of CsCl in @i (density,
. 1.6 gm/ml) These tubes were centnfuged in the SW 40 1 swtngmg bucket rotor for 2
) ‘homs ot 26, 000'REM, zd'c The phage bands were collected, pooled and 0.6 gm of
: CsCl was added per ml of hqmd. Tlns was placed in the bottom of a fresh tube (==6 R
tube) and overlmd thh 3 ml of 1 6 CsCl solunon (84.2 gm CsCl/lOO ml) followed
by3 ml of 1 4 CsCl soltmon (51 gm CsCl/lOO ml) The tubes were centnfuged as ~

o above and lnghly punﬁed phage pameles were collected. Tns—HCl pH 8 was added t&

a ﬁnaleoncenuauon ofSOmM, and EDTA to aﬁnalconeentrauon of20 mM, Anequl
B volume of detomzed formamrde was added, and the rmxmre was allowed to stand at’

(. .
Vo
.



room temperature for 3,hours (Davis et al., 1980). One volume (‘i.‘e_. equal to the
volume of ‘formamide) of water was added, and then 6‘v}olumes of ethanol The DNA

wasprecxpltated at -20°C for several hours, and then’ collected by spoolmg onto a glass

| rod. The precrpltate was rmsed several times in 70% ethanol dried, and resuspended B

in TE (10 mM Tns-l-ICl pH 8.0, 1 mM EDTA) Total yleld of DNA was 3.4 mg, as

. determined by absorbance at 260 nm. 250 Mg of this was cut with Eco RI (New _

England Biolabs), extracted thh phenol, chloroform, and ether,vprec_xpltated with
ethanol, and tle entire procedure repeated to ensure that all DNA was cutto completion.
The c'ut DNA (final yield 150pg) was resuspended in 200p1-water (final concentration
750 pug/ml), heated to 70°C for 5 rmnutes. mcubated at 42°C for 30 rmnutes (to anneal
cohesive ends of the arms) and chxlled on ice. ATP was added to 1mM and DTT to

10mM, and the arms were frozen in 25 u.l ahquots at -70'C

The method of preparatlon of .

\these two extracts 1s similar to that descnbed by Mamaus et al. (1982). For the

freeze thaw lysate, an overmght cultme of the bactenal stmm BHB 2688 (obtained’ from ’

M. Davrs, Stanford) was grown in 25 ml of LB at 30‘C Three flasks cach contarmng' . "

”‘,

40’5 ml of LB were mnoculated thh 2 mil of the overmght culture afnd these ‘were

- grown at30°C w1th mgmns aerauon ‘until the. OD600 reached 0. 350 (about 3. 75 hours, :
- the denﬁty was ‘monitored closely) ‘The cultures were qmckly transfened toa shalong o

water bath at 45'C and \ngorous shalnng mmntamed throughout thxs transfer and 15 Y \’

mmute heatmg penod The flasks were then remmed to the air mcubater (no@ warmed; .'

" to 39'C) -and allowed to mcubate for a further 3 75 honrs v%h vxgorous shakmg i

- Cells -were transfexred to pre—chxlled centnfuge bottles, ‘and pellets collected by

cenmfugauon (Sorvall GSA rotor. 5000 RPM x 10 mmutes, rotor and centnfuge .
- pre-cooled to 4'C) The medmm was decanted and the remmmng lxquld qutckly'
A : removed thh a pasteur pxpet. Pellets were raprdly but gently resuspended m 1 5 ml o
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) , 10% sucrose. 50 rnMT ns-HCl pH 8. 0 (on ice),.and the cell suspenston uansferred toa

pre-chxlled 50Ti ultraoentnfuge tnbe all‘b‘ottles were rinsed w1th a second 1.5 ml ahquot "

- of sucrosefl‘ns and th1s was added to the ﬁrst. 150;,11 of lysozyme soluuon (2mg/ml '
lysozyme in 250 mM Tris-HQl pH 8 0) was added io the bacterial suspens1on the tube ‘

was qutckly fhcked twice to mix the contents, and then snap frozen m hqmd mtrogen o

" for 5 min. The hqmd was thawed on ice (thls took about 1 5 hours) and centnfuged at

48,000 RPM for 1 hour at 4'C (50Ti rotor and ultracentnfuge were pre-chﬂled to 4° C

by pre runmng the empty rotor at low speed) "The supernatant was stored on ice water‘
\and qurckly ahquoted (30 al’ ahquots) into pre-chllled Eppendorf tubes whtch were

1mmed1ately snap frozen in hqmd mtrogem This process required two people one to
ﬁll the tubes and the othcr to close them and place them in the mtrogen The Eppendorf X

" . tubes were pre-chﬂled by plactng them i in an 1ce bucket whtch was one- -third full of dry

ice. The tubes were separated from the dry ice by two layers of Saran wrap to prevent .

' ‘;vover-chxlhng (If the tubes are too’ cold, the Eppendorf plpet tip one xs usmg to

oo "to obtam hrgh packagmg efﬁctenctes The mnoculauon and growth of the A345 cells . _'
"was 1denucal no that desenbed ab0ve for BHB2688 except that the cells grew faster at E |
3 30'C80thatmtha2m1mnoculumanODm of040 was reachedm 3 hom's The - .

dxspense the extract will freeee and become plugged.) Frozen extracts were transferred p ,'

K

: fmm the hquld muogen to -70’C for long term snorage o o

" For the sonicated extracts the bactenal strmn MMS A345 (obtamed from D

. wete oombtned wrth the free‘ne-thaw (packagmg pronem donor) extracts descnbed above, |

' fLDenny, Stanford) was used. A protocol for packagmg usmg thxs smgle stram has been ‘
'";developed by F Stahl (ﬁugene, OR) For our purposes the somcated A345 extracts .

T

S cells were then mduced at 45'C as described and mcubated at 39‘C for 2 25 hours i

L .Cell pellets were collected and dramed as for the freeze-thaw extract and thenu:; ‘-l_j
resuspended 1n 6 5 ml of ree cold Sonic buffer (20mM Tl’lS-HCl lmM EDTA SmM L

_:e
e



2- mercaptoethanog The bacterml suspenslonwas u'ansfened to a 30 ml cctnfuge tube

(on 1ce water) and somcated in short bursts (G sec ‘on, 25 sec off) usmg a Sorvall

o somcator with the small tip at. full power (A R Morgan) The suspensxon cleared (from

-

bottom to top) after ~3O cycles of somcanon and was cenmfuged in the Sorvall SS34

rotor at 10 000 RPM for 10 minutes (rotor and centrifuge pre-cooled to 4'C) 11 ml of‘ o
vice cold Packagmg buffe{ (6mM Tris- HCl pH 8. 0 50mM spermxdme SOmM -
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A

putrescme, 20mM MgCl2 30mM A’I'P and 30mM 2-u{ercaptoethanol) was added :

dn'ectly to the tube and mixed gently, taking care to avoxd dlslodgmg the pellet. 'I'he

hqmd was then quxckly ahquoted into. pre-chﬂled tubes (45ul/tube), snap frozen, and '

stored as descnbed above For packagmg, one tube of each extract was thawed on ice,

and as soon as it was hqmd the fxeeze-thaw lysate was qmckly added to the somcated

extracL The DNA was qmckly added to the combmed lysates and mlxed gently and _

qmckly with an Eppendorf PlpCt tip (with’ the tube still on ice), and the tube was left at L

' room temperature for 1. 5 hours. These extracts gave 25 2. 9 x 108 pfu/ug of lambda .
" phageDNA | | RO

2 Tesnng Enzymes and Bu,ﬂ’ers for cDNA Clomng - v

- The clomng of cDNA hbranes mvolves a larg(eJnumber of complex enzymanc s

s

reacuons, and each step in the process must be efficrent 1f the overall process is to -

X succeed. However dunng the clomng process ltself it is dxfficult or 1mpossrble to‘

know 1f certam of the enzymanc steps have proceeded efﬁmently In essence, one‘ o

begms with RNA and ﬁmshes with a hbrary of clones, and if the process does not“ '

| succeed there is no sxmple way o dlscover whlch step has faxled. One solnnon to thxs'\:‘ o

problem 1s to break the clomng process down mto a number of dtscrete steps, and to :-
devxse an mdependent expenment to test the enzymes and buffers uSed in each step |
" Forte cDNA cloning described in this thesis the seps as: 1) reverse transcnpnon of '-

. f RNA; 2) addmon of homopolymer 4Gl o the 3 end of ﬁrst strand cDNA; 3)
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+ oligo dC prtmmg and second strand synthesrs, 4) Eco RI methylatron 5) addmon of

Eco RI hnkcrs -and cleavage wrth Eco RL 6) size selecuon of cDNA on low melting

‘potnt agarose gels. 7) hganon mto vector and 8) packagmg of the phage . -

E recombtnants Theexpenmentsusedtotesttheenzymesandbuffersusedmanumber

of these steps are d&scnbed below along wrth ot.her relevant Mments

n a) Rmng_’rmnsmp_ngn_qf_m Ttns 1s one of the few steps whose progress can be"

assessed dtrectly during the clomng process cc'a low concentratron of
[alpha-”P]dCTP is tncluded in the reacuon and mlrpon

‘can be momtored. Inclusron of a nbonuclease xnhtbttor improves yrelds srgmﬁcantly '
The RNA should be mtact as assessed by denaturmg gels; the 2&8 band should be‘ )

- about twrce as bnght as the l8S band srnce they are present in eqmmolar amounts 1fthe o

| RNA is not degraded, and there should be a contmuous smear of RNA throughout the o

| gel to srzes cons1derably larger than 28S. The RNA should translate well in vztro 1f it

'a‘;tscleanandmtact. S e ;‘ e e e g

5\

‘ 'b)HmpglmIaﬂmg_&mmm 'l'lusreacttontsextremely tmportant tffulllength L

‘ ,cDNA is to be generated. The addmon of dQ restdues o the 3' ends of the ﬁrst strand Lo |

- talhng reactron t0. tenmnate at useful ail lengths (12-14 bp), and 1f the enzyme 1s‘j'f
; sufﬁcrently acttve > 95% of the ends wrll be extended. A srmple, non-radloacuve»

talhng buffers mvolves cuttmg the Pst I msert out of a convement plasmrd and—** |

. o products ehmhtates the nwd to accmately control the lengths of the homopolymer mls’i -
B "added. Thts 1s because the secondary structure of the poly dG stretch causes the de Lo

method to compare vanous batches of the enzyme termmal transferase and to test the

o punfymg the produCts by spemnne precrpttanon. Ahquots of the resultant fragments .

;.’,:.are tatled wrth 'I'I'P or dC'I'P and the varrous tatled preparattons are compared wrth the .
:untatied fragments on a 1% agarose gel The tatled fragments wrll bo slufted upward,;_ - |
;.;: B (i . have a lower mobthty) m the gel compared to untmled fragments, and the amount S

tion of the label mto DNA o

)



‘ 'of slnft w111 depend on the length of the taﬂ and hence on the quahty of the enzyme
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o “The reason that dGTP 1s not used i in this assay is that the short dG tails would not cause -

‘ a vrstble moblhty Shlft m the fragments The addmon of dC tails i is generally more L

dxfﬁcult (l e the resultant tatls are not as long) than the addmon of T tatls, and therefore '

the dC reaction allows greater dlscnmmauon between various preparauons of enzyme o

' c) S_gan_d_Smn_d_Smm;m& Preparauons of the enzyme DNA polymerase I used in .
y thts reactlon are usually of hlgh quahty and generally do not necd to be tested The

enzyme should raprdly and efﬁcxently mcorporate 32P—dN’I‘Ps into ds DNA dunng mck |

. translauon It should acttvely promote ﬁlhng in of 5' protrudmg restncuon ends and'

‘.«X‘

- -,-‘I:and oue-thlrd of the DNA is removed and saved. The remammg DNA is added to‘-._’ .

efﬁctently remove 3'-protrud1ng restncuon ends.

d Mg_my_l_aggn_gf_dg;DNA_ Eco RI methylauon usually proceeds with high efﬂctency‘ o

to compl etion. To test thts reactton a few ug of a DNA fragment whtch contams a

. number of Eco RI srtes (e. g lambda DNA) is dlvrded into three ahquots One ahquot lS

*'methylated and then cut with Eco RI, the second is stmply cut thh Eco RI and the. :

thxrd is leftas a control Methylauon should completely block cleavage at any of the

o ,when the thnee altquots ofDNA arerunonagel andcompared.

', Eco RI sites whxch would otherw1se be cut to completlon, and this wrll be apparent :

‘ | _‘ A sxmme, non-radmacttve test |
- roftlus reacuon 1s the followmg A few u.g oprR322 ts cut with Hae III to generate a":»
fserles of blunt-ended fragments The cut DNA 1s punfied by spermme prectpxtauon,_

o phosplrorylated Eco RI hnkers and the hgauon reacnon allowed to proceed ’I'he"“j,

L, of

o reacnon 1s heated to 65'C for 10 mmutes to mactivate the hgase, and then one-half of o

B ', ;the rematmng DNA is cut 0 oomplenon thh Eco RI. The three ahquots of DNA (Hae g

IIIcut, Hae IlIcut- Eco thnkerhgated, andHaeIlIcut-' Eco m hnkerhgated, Eco .

,‘.1

RL cut) are then run on a 2% agarose gel and compared.‘ ngauon of lmkers should‘, " )
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make the Hae l]l bands drsappear mto a connnuous smear of DNA and cutung with

EcoRIshouldmakethepatternofHaeIlIbandsreappear butwrth thebandsallshrfted‘

to a slrghtly larger srze since they now have Eco RI lrnkcrs on both ends-of each g

fragment (see Figure 2)

Itis extremely

unportant to punfy cDNA of the desrred srze class away from shorter mcomplete

- ¢DNA molecules anli linkers. If thxs step is not done,t a large amount of time is

subsequently wasted chasrng down many clones whrch contarn only a trny fractron of

the cDNA molecule of mterest, since these shorter inserts are more lrkely to be lrgated

' mto the vector 1f they are present durrng the. hganon Several methods have been used

w1th success to 'size select cDNA mcluding column chmmatography (Huynh et al

1985) as well as drrect preparauve electrophoresrs In the. clomng descnbed in this

thesrs, the Eco Rl cut cDNA was run on a l 4% low melung pomt agamse gel (BRL) o

and cDNA of the desrred size (> -800 bp ) was cut drrectly out of the gel anq exuacted
| usmg the CETAB' method (Langndge etal., 1980)t The ethrdrum bmmrde starned gel

grves one the opportumty 0 vrsuahze dlrectly the size and quanuty of cDNA produced |
and recovery from the gel can be followed by 32P counts, since the ﬂrst strand of the. y

cDNA is labelled.

. g) Liga

‘ selected. and punﬁed. rt 1s prudent to do a number of ptIot reactrons whereby a small o
portron (- 5%) of the cDNA 1s hgated mto vector arms, and the resultant phage is . -

packaged and ; tred 'I'hrs eusures that the final steps m the clomng process are |
worltmg, and means that rf they farl mOSt of the cDNA 1s strll avatlable for subsequent E
clomng wrthoutretummg to tlle very begrnmng of the process To measure the very E
smalI volumes required, a 10 |.|.l mrcro syrmge (Glenco) thh 0 1 p.l gradattons was_:;., o

Once the ds-cDNA is completed, srze 2

" ""disposable trps were made by cutung ~6 cm. lengths of teﬂon tubmg"-‘»:
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= "‘FIGURE 2 Tcst of Eco RI lmker llgauon Ten ug of pBR322 plasmxd DNA was ff Lo
. cut:to complcuon with the restriction:énzyme Hae III, spermine. precipitated, and - .
- resuspendcd in 10 pl: of SO mM ‘Tris-HCI (pH 7.5), 10 mM magnesxum chloride. * -
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Two pl of Eco RI linkers (1.0 OD/lOOul) were kinased in a 10 pl reaction volume,
" - and 6 il of the cut plasmid DNA was added to the kinased linkers:® 0.15 pl of ATP. '
C (100 mM) and 0.4 ul'of T4 DNA hgase (400 U/ul, New England Biolabs) was added "

‘of the ligated mixture, This was-cut with Eco RI and heated to65°C for 10 rmnutcs

. 'and the reaction was incubated at 14°C overnight. The ligase was inactivated by
"' heating to 65°C fop;S minutes, and 0.2 il of 5 M NaCl was added.to"a 8.5 pl aliquot ' .

*" .The threesamples oquNA were run on a 2% agarose gel. The laries are (from leftto
- right):,1- pBR322 cut with Hae III; 2- Hae 111 cut DNA with Eco.RI lmkcrs hagatcd o

T 3 Hae III cut DNA w1th Eco R.I lmkcrs hgated now recut wnh Eco RL"

! . v S . . . ; R P
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(Clay Adams # 7406) and fittmg these over the blunt cud of a shortened needle The ‘
phage lambda gth has a smgle Eco RI site wrthm the the a] repressor gcne phages in
'wluch this gene is mterrupted wrll produce clear plaques (c I‘) whereas phages tn o
| .whxch the c I gene is mtact wrll produce cloudy plaques Durlng the pilot hgauons the‘
amount of cDNA hgated per pg of Eco RI cut lambda gth arms was systemancally “ “
- vaned, SO . that the number of clear plaques wluch resulted because cDNA inserts |
‘ mterrupt the c l gene could be opnmlzed If Eco RI cut arms were srmply lrgated and '
packaged. a certam frequency of clear plaques resulted ’I'lus background of ¢ I, clear; “ .
‘ “ ‘plaques (0. 1-0.2% m these experiments) appeared to be unavordable and the challcnge B
"‘dunng the prlot hgauons was 1o’ use a minimum amount of* cDNA to mcrease the
frequency of ¢ r (x e. recombtnant) phage srgmﬁcantly above the background The s
‘opumum ratro was determmed to be 12 ng ds-cDNA per 1 ugof phage arms, and these .
' hganons generally resulted ina frequency of clear plaques of 0.4-0. 5% This meant - |
~ that when these hbranes were passaged through an E coli hflA mutant sq_aen (whlch
: ‘allow only ¢ r phage to form plaques, Huynh etal ., 1985 Hoyt et al., L982) only
‘one-half o two—thrrds of the resultant plaques actually contmned cDNA mserts In -
' theory the frequency of clear plaques should be determmed by platmg the lrbrary ona -
ﬁgstratn such as KM392 and countxng the number of clear and cloudy plaques )
However. for pracucal reasons the number of cloudy plaques was determmed by' :
platmg the ltbrary on KM392 and the number of clear' by planng ona CGQO hﬂA |
. stram (ohtamed from'l‘ Huynh Stanford) | |

lrbranes (l e The J‘ohn Elhott School of Paranora.’)




Completc details of the stcps takcn dunng thc clomng of a cDNA hbrary am‘
ngen in this secnon Note that all Eppcndorf tubcs have bccn smcomzzd nnscd and |
amoclavcd prior to use, ’ ' : |
2) Em&md_gQNA_Smhsm 175u.quwatcr 5 mof 10x RTsalts lOp.lofall Ry
four dNTPs at 5 mM cach (Pharma%la) 5. u.l of oligo d'I‘,2 18 (1 mg/ml Collaboratlvc B l‘
‘Research), 05 ul'of Vax (02 M, made as descnbed above) 5 ulof poly A*RNA (2
mg/ml), and 2 Wl [alpha-”P]dCTP (used on thc diy of arnval 3200 Ci/mmol, New
h _England Nuclear) were combtned in that ordcr in a smcomzcd tube on ice. 3 Spl of -

| AMV Rcvcrsc Transcnptase (17U/ml Llfc Sc1enccs) was added, thc contents were
. _xmxed by voncxmg and mcubatcd at 41 C for 1 hour A second ahquot of 2 0ul .
: Reverse Transcnptasc was added and thc rcacuon mcubawd for a funhcr 90 xmx;utcs at
.41 *C. Thc 10x- RT salts consisted of 1. O M Tris-HCl (pH carcfully ad]ustcd to 8. 3 at |
41 O, 05 MKCl 0.1 MMgCl2 andO 1 M DTT. ’Ihcrcacuonwastcrnnnated bythc
‘addmon of 2 pl of 0 5 M EDTA 10 Nﬁ()% glyccrol 0.2% bromophcnol bluc was '
added, and the mixture was .loaded onto submcrged bed of a 0 3cmx 23cm ongcl
o A~5m(Btorad)columneq ilipri tcdm l mMTx;ts—HClpHSO 0.01 mMEDTA Oncf .
.‘ ‘drop fracnons were collocted from the column counted, and fracuons contmhing thc |
- -mmal peak of radxoacnwty (cxcludmg the two fractlons Just bcforc the t:rough) wcrc L
, pooledmamhcomzzdtubeandlyophxhzedovctmght L 7 .
. by Ia;__g_&gaggm Thc dned cDNA was resqspcnded in 72 ttl of watcr countcd, and
. yleld of ﬁrst st:rand matenal calculated Thls varu:d bctwccn 4 and 6 p.g 8 ul of

- ‘sodmm cacodylate (1 oM, pH 7. 0). 4 uxdGTP @0 mM) L 6u1 C"Clz (100 mM), and

o ,73 }.tl of tcnnmal transfcrase (21U/p.l, Rathff Blochctmcals Los Alamos) was addcd to L

the cDNA and the rcacnon was mcubated at 37’C for 30 mmutcs A second a.hquct of ;
.3 p.l of cnzymc was added, and mcubanon contmued for an addmonal 30 rmnutcs, e

Y

o followed by a thud addmon of enzymc (2 u.l) and a funhcr 30 mmutc mcubanon (total
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‘in‘cu‘bation was 90 minutes'at 37°C). -4 il of EDTA (100 mM), and 92 pl of TE (10
mM Tns-HCl pH %4, 1.mM EDTA) were added to the reaction and it was placed in a
70 C water bath for 5 minutes no lnacnvatc the terminal transferase.
c) ﬁgggnmd_sxnmma. 0.8 ul of RNAse A (1 mg/ml boiléd 2 x 15 minutes,
BochnngrmMannhcxm) amd % 4l of oligo dCy 14 (1 mg/ml Collaborative Research)
’ wcre added to the tzuled cDNA ~and the tube heated in-a boﬂmg water bath for 1
-minute, thcn chilled on ice. 13.2 ul of MgCl, (100 mM) 4.8 pl of allfour dNTPs (at 5
mM each), and 4. 0 u.l/ of DNA polymcrase I(200 U/p.l ‘New. England onlabs) were
N added to the tube orj ice, and the reaction was incubated for 21 hours at 14°C. The -
: polymcrase was xnacuvawd by the addition of 9. 6 ul of EDTA (500 mM) and heatmg‘
in a 70°C waterbath for 10 minutes. , .
' d itation Thc;ubewaschllled

‘on ice, and Sul of S- adenosyl L-metluonme (SAM 1 mM Pharmac:a) and, 2 ul of
'Eco RI methylase (40U/ml New England Blolabs) were added. The methylanon
.reacuon was mcubated at 37‘C for 30 mmutes. 200 u.l ofl phenol-chloroform (1:1,
.ethbnated with TE) was added to the' tube, it was vortexed and centnfuged and the
aqueous pllase placed in a s&:ond si!iconwed Eppendorf tube. The femammg ‘organic o
| ‘ pbase 'was back extmcwd thce wnh 100 w of TE each ume and the TE phases pooled )
- wnh the original aqueous. The teeovery of DNA into the aqueous phase was momtored
by 32P counts and was usually -90% The pooled aqueous phases were extracted 3
nmes thh 800 p.l;df watex:saturated ether (dJethyl P“xsher) and the last u'aces of ether |
were removed by heanngx 6,S'C for S mmunes and then blowmg muokcn gas over the .
.surface of the hqmd for 30 tmnuws (R. McElhaney s lab) 'I'he original aqueous
‘ volume (detenmned by markmg the tube ptlor to heating) was restored by addluon of
"water as. neeessary The DNA Was pxempuated by the addmon of 15|.Ll of spermmc "\

l

o (100 mM) vortexmg, and stonng the mbe on ice for 30 ininutes. The DNA was | |

s l'l,
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pelleted by spinning 10 minutes in the microfuge (Brinkmann), and recovery (usually’

>85%) was monitorcd by 2P counts. 1 ml of 75% cthanol, 0.3 M sodium acetate, 10
mM magnesium acetate was added to the DNA pcllct, and this was left on ice for 1 hour
w1th occasxonal vortexmg (this removes thc spermine), The DNA was ccntnfugcd and
the pellet was washed with 1 ml of 70% cthanckand stored for 15 minutes on ice. The
pellet was again collccwd by a 10 minute ccnqugauon and finally dried for 5 minutes

in mc spccd—vac

€) Emmm.anna_&ndl‘mmnﬁmxmm 6 ul of Eco RI linkers (1.0 Ay

umt/lOO pl water, New England Biolabs #1004), 6 ul of 0 5 M Tris-HCl pH 7.5/0.1
M MgCL, 1yl of ATP (100 mM), 3 ul of DTT (200 mM) and as il of water were

" combined in a siliconized Eppcndorf tube. 0.6wl of T4 polynuclconde kmasc (6 U/,

Pharmacm) was added; and thc reaction was mcubated at 37°C for 20 mmu:es An

addmonal 0.6 pl aliquot’of cnzymc was added, and thc reaction incubated for a further
20 minutcs,} folioﬁ’vcd by a third aliquot and a third-20 minute incubation. The

' 'phosphorylated linkers were added directly. to the dried ds-cDNA pellet (frotp d] above)

on ice, and 1.2 ul of ATP and 1.4 pl of T4 DNA hgasc {400 Upul; Ncw England.

| Blolabs) wcre added to the tube and thc contents mixed thoroughly to ensurc that thc
- DNA pellct was dxssol\icd Thc hganon rcactxon was 'incubated at 14°C /ox 24 hours,

' and then heated to 65'C for 10 miniutes to macuvate the hgasc o ("

" f) Wm&ﬁmmw The DNA was coolcd on ice, and

1 2 pl of NaCl (5.0 Nb and 2.3 ul of Eco RI (20U/ul New England Biolabs) were’

P | added and the ;‘cacuon was mcubated at 37'C for a total of 90 minutes. 'I‘wo funher’- Bl

‘l

. \gl
\) RtoE ML ISP O

1ox loadmg dyc (Mamaﬁs"‘

, ahquots of 2 3 p.l Eco RI were/added at 30 tmnutc\ intervals durmg the reaction pcnod. :

The Eco RI was macnvatcd by heanng the rcacuon to 65°C for 10 minutes, 10 p.l ot"
it éz.,; 19§2) was added, and the SDNA was an on 2 1_.&; f L
‘9‘.‘- ) o o o .

- . & e
ég mc%gng point agamsg. . ) and size selgcted -as described in the previous
R “‘ﬁ'; YO }1‘1::& : . " LR ”
e W BT B '




section. DNA of the desired size was exnacted from the gel using the CETAB
procedure lsee abos'e), and the DNA present in the final anueous phase (0.2 M NaC(Cl)
was preeipitated with 3 volumes of ethanol (-7Q‘C). "The DNA was collected by
centrifugation (15 minutes in a microfuge at 4°C [i.e. in the gold roomy]) and the pellet
 was dried and resuspended in 200 pul of KCI (100'm‘M) The DNA was precipitated a
_second time by the addition of 6 0 pl of spermme (100 mM) and the precipitation and
washtng of the pellet was done as‘descnbed above The final dried pellet was’
resuspended in 20 pl of water, counted to determine the yleld, and stored at -70°C. Thc
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yteld was usually about 400 ng of ds-cDNA (greater than =800 bp in length) for the -

. reaction conditions described above.

jes, A typtcal pilot

hgauon reacuon contained 2 pl of Eco RI cut l]ambda gt10 arms (1 5 ug, prepared as
described above), 1 ul ochNA (12-25 ng), 0.1 ulofO 1M MgC12 and03 u.lofT4
DNA ligase (400U/ml New England Biolabs). The reaction was mcubated for 20-24
hours at 14°C, then clulled on ice and packaged by the, addmon of both packaging
. eXIracts to the tube contatmng the hgated DNA. A ccvtrol lxgauon contammg water

' instead of cDNA was always done in parallel If the pilot liganon gave a sansfactory

frequency of 'clear’ plaques ()as dtscussed above), it was scaled up directly and'the - |

| majomy of the cDNA' hgated and packaged. asmg a maximum of 1.5 pug of input phage»

arms per paekagmg reacuon Ltbranes typteally contained 5-10 x 105 ¢ I" phage, about
half of whlch contamed cDNA mserts 2x108¢T phage wexe plated out on the ce600 -

hﬂA stram usmg 20 large (150 mm) plates ’I‘hese were grown at 37'C until the

plaques were conﬂuent (6-7 homs), then the plates were overlaid thh 12 ml of @-dil -

and the phage allowed to elute at 4’C ona rotatmg platform with gentle agitation SThe

lxqutd fmm the plates was' pooled in a sterile glass bottle, 5 ml-of chloroform was | _-',

added. and the phage stock was stored at 4‘C for several years Thas represents the |

< '\ a7 . ' € . ;»‘_."

-
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amphfied library. At the tme of packagmg, the ongmal lxbrary was also plated on the
C600 hflA strain usmg about lO large plates (50, 000 cI phage per 150 mm plate) and
these plates were screened dn'ectly for cDNAs of interest,

E. ISOLATION AND CHARACTERIZATION OF CLONES FROM cDNA
LIBRARIES - B ,' ;
1. Screening .Libran'es and Plaque Pun‘ﬁcqn’oh of Posia'\e Clones. |
The cDNA libraries in phage vectors were screened using 32? labelled DNA
probes The original hbranes were plated as described above and incubated at 37°C |
until the plaques were =0. 5 mm in diameter. 'l'he plates were then chilled in an upnght
position for several hours at 4°C, and dry nitrocellulose circles were placed on each
plate and anoyed to remain untl they were l:ompletely translucerlt (i.e. '}Jve;' through’;
this required about 1 minute). The position of the filters on the plates was recorded by’
. pokmg through the filter in 6 or 7 places with the very sharp ead of a drawn odt vpaste_ur‘ o
plpct Wthh had been dipped- m'mdla ink (Sanfoxd, not Speedball) The ﬁlter was
’ gem.ly peeled' off the surfade of the plate usmg mxlhpore forceps, soaked in denaturmg
solunon (I5M NaCl 0. 5 M NaOH) for -45 seconds and transferred to neutrahzmg .
| soluuon (1.5 MNaCL 05 M Tns-HCI' pH 8 0) for 2-3 minutes. A second 'duphcate
ﬁlterwasplacedoneachplateandleftforseveralmmhtes, markedwnhmdlamkmthe
same Spots as the first filter, and denann'ed and neutralized as above All filtérs were an" B
" dned then baked 2 hours at 80‘C in a vacuum oven. Filters were prchybndlzcd |
hybndazed to labelled olxgonucleotlde probes, and washed usmg the condmons
_-;«descnbedmaprewonssecuon ‘L e
Washed filters were air dned and semch taped to larger sheets of 3mm paper .
" The 3mm paper was in turn labelled with a number of charactensnc marks usmg 32P
. ."labclled india mk, ana the ﬁltcts and paper were wxapped m s

Y
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X- ray )ilm The developed ﬁlm could be alxgned with the. ongmal paper because of the

labelled india ink marks, and the posmon of the 'ahgnment holes in the mtrocellulose. o

filters could then be determmed and marked on the ﬁlm In this way posmve clones
could be located on the ortgmal plate and sxgna.ls from duphcate filters could' be ahgned

and compared. In general, clones were only consxdered true posmves if they gave a,.

stgnal on bbth of the duplicate ﬁlters usmg a different olxgonucleoude to probe each of

‘ the filters. The general reglon sm-roundmg a 'true posmve stgnal was picKed from the -

orxgmal plate using the fat end of a stenle pasteur pipet, and the agar plug was placed in -

- 1ml of ¢-dtl vortexed. and left for several hours. ‘The resultmg phage stock was tm'ed

on. smaller (90 mm) petn dtshes. and a single mtxocelluloseﬁlter was rephcated froma .
plate contmmng 500-1000 plaques. This filter was hybndxzed to one of the labelled

“ ) probes, and a posmve ‘plaque identified and 'pulled’ from the smaller plate using the

sharp end of a pasteur pipet. This plug was agmq placed in 1 ml of Q-dtl vortexed,

and phage parttcles allowed to elute Thts ﬁnal phage stock was agam titred, and a '

mtm%ellulose filter was xephcated fmm a plate contatmng 10-30 wlell 1solated plaques
]

. This filter was hybndwed to the second labelled probe and one or two well tsolated '

3% posmve plaques were ﬁnally obtamed. These were placed ln 1ml of Q—dxl l drop of -

4 chloroform was added. and the phage stock was stored at 4'C.
b 2. Preparmg <DNA Inserts and Subclomng into Plasmzd Vectors.

\V' Small scale liquid cultunes of (plaque punﬁed) phage clones were grown, and B

1 age DNA 1solated essenually as descnbed in Mamaus etal. (1982) 0. 5 ml of a fmsh
g stock of E. coli C600MA (grown in LB w1th 0. 2% maltose o an OD600 of

. tube andthemtxtmewasmcubated atroomtemperanne for20m1nutes

o thts,permd aosmall hole was melted m the slde of the tube very near the top,
Rl YCOR SN | A e

lleted. and resuspended in one-half volume of Q—dtl) was combmed thh O 4' . ‘
_tock (contalmng 1 plaque m 1 ml of Q-dxl) ina 50 ml dxsposable
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usmg a paper chp heated in a bunsen burner This hole allows the culture to be aerated
.‘ even when the top of the tube is screwed ‘on tightly. Followtng the 20 rmnute
. incubation, 7 ml of LB (supplemented w1th 10 oM Tns—HCl pH 7 5 2 mM MgClQ) .
| was added to the tube, andthe tube was shaken very vxgorously (325 RPM) at 37 Cin -
}, an arr shaker The cultures generally became quite cloudy by 3-4 hours (as the bactena "
grew o a hrgh concentranon), and then farrly abruptly cleared‘ in the next 30-60
minutes, leavmg only ﬁne strands of bacterial debris: (as the bacteria lysed and releas;:d
the phage) If the culture cleared too qurckly. an addrnonal lml of plaung stock was.
' added to the tube and the incubation connnued. If the culture did’ not clear, it was left
for 6-7 hours (or occasronally overmght) Cultures which did not eventually cféar were .
| drscarded, and the culture process was repeated using a hrgher ratlo of phage ro ba:tena
in the ongmal innoculum. A drop of chloroform was added o cultures whrch had
cleared, and they were incubated a furtlier 15 ‘minutes wnh shakmg The cultures were
then centnfuged to remove bactenal debris, mcubated w1th RNase A and DNase I,and -
phage parncles were precrprtated thh polyethylene glycol and DNA extracted as
described in Mamans etal. (1982) The phage DNA was cut to completion wrth Eco " i
" RI, treated w1th RNase A, and run on a 0. 8% low melnng pomt agarose gel (or L
. ‘alternately on a 3. 5% acrylamrde gel) The short.Eco RI band represennng the cDNA :
insert was cut out of the gel and DNA extracted usmg standard methods (phenol ‘
- extracuon in the case of low melt ?garose, crush and soak' in the case. of acrylamtde, .
" bothare d@cnbed in Mamans et al [1982]) The punfied cDNA insert was spertmne o
, precrpttated, and ltgated mto Eco RI Cut, phosphorylated pUC 13 'I‘he recombmant o
] l“plasmrd was used to transform E colt HB 101 usmg frozen competent cells prepared

v “as descnbed by Hanahan (1985) The ﬁNA mserts m the plasmtd were then mapped i

w1th a number of restncnon enzymes and larger quanutres of the punfied msert were e _;.

obtamed for'use as probes or for fu' _fer subclomng mto M13 phages or expressxon .




' . vectors.

F ISOLATION OF PMA- INDUCED cDNA CLONES FROM EIA
Isolatton of PMA induced ¢DNA clones was accomphshed in two steps, A

subtracted hbrary was ‘first cons:ructed, and tlns was in turn screened wnh subtracted -

e

o cDNA probe Methods fbr generanon of both the hbmry and the probe were adapted

from unpubhshed protocols developed by M Davis (Stanford). In each case RNA

' from PMA-tneated EL4 cells was used to generate: cDNA and thls was hybndxzed to
mRNA from untreated EL4 cells in order to enrich for those sequences present only in "

the mduced' (PMA treated) cells
1. Consu'ucnon of Subimcxed cDNA Ltbr;ary

67

Fxrst strand synthesns?vas accomphshed ina tmxtune contatmng 250 ! water

i transcnptase was added, and aﬁer a second hour of mcubauon a thll'd ahquot of‘ 20 ul

14.wass added, and the xeactton mcubated for a further hour The mtxture was chxlled on

(3 $

T 100 ul actmomycm D a mg/ml tn water Stgma), 100 u.l of 10x RT salts (descnbed | : )
N above), 200 1 g all four dNTPs (at 5 mM cach), 100 i oligo dTu e mg/ml) 10 .
1l of Vax (200 mM), 100 1 poly A* RNA (2 mg/ml, from PMA treated ELA cells),
 and4op fapha-*?P}-4CTP (used! on the day of amival, 3200 Cl/mmol New England
| -Nnelear) 60 p.l AMV reverse transcnptase (17U/|J.l, L1fe Scxences) was added and
" the. reagtton mcubated at 41‘C for 1 hour A second ahquot of 40 pl o‘f reverse

ice, and. 1om of 10 M NaOH was added to the tube and the cgntents qmckly mlxed"” »; .

E The tube was heated to 70'C for 20 mmutes m hydmlyze the RNA then chxlled on 1ce _
® and’_the contents neutrahzed by addmg 100].!.1 of lM Tns-HCl pH 7 5, and then ~100

ul of 1 M' HCl (the pH was momtored by placmg 3 pl ahquots on tmy stnps of pH
paper) ” The ﬁrst strand products wene heated to momtemperatm'e, 12 u.l of 10% SDS




in lmM"I"ris'-HCl pH 8‘0‘ OOlmM EDTA“(IOO"ul‘per column). Thg columns were | .
'ran’ in parallel and 100 ul fracuons wene collected from each (Thls large number of
columns were run. sxmply as a matter of convemence. since the smaller columns have a
high flow rate, and columns wlth tlus configuration ) had already been cahbrated by the .

 author) The excluded peak of radioactivity (usually fractions 7-13) was ‘pooled from
| ~ each of the columns, and these were in turn pooled ‘and concentrated with sec- butanol '
| to a volume of 700|.tl Thrs was frozen on dry 1ce3 and lyohrlhzed overmght ina
srhcomzed Eppendorf tube. At thesame time, 200 p.g of poly AT RNA (2 mg/ml, fnom .
untreated' or control F.L4 cells) was frozen and lyophrhzed. | ‘
N The RNA was dissolved in 40p1 of water, and thxs was transferned to the tube
contarmng the dned cDNA. The cDNA was dtssolved by vortexxng and heaung to.
42‘C The tube 'which ongmally contained the RNA was nnsed with 10|,tl of 2 M'
| phosphate buffer (PB pH~6 8 contatmng equtmolar amounts of Na2HPO 4 and
NaH2P04) and wrth a further 5].!.1 of PB, and these were transferred to the tube .
| contammg the DNA and RNA 1l of 10% SDS and OSul of EDTA (0 l M) were '(' ‘

| added to the mtxture and 1t was suned gently w1th a ptpet up (vortexmg or: ptpetung e

followmg the addmon of SDS canises an 1mposslble number of bubbles) 'I'he mlxture

. was taken up 1n a SOpl srhcomzed glass captllary tube usmg an acdupet adapter ﬁtted ‘
onto the end of an ordmary P200 Pi%etman and both ends of the tube were heat sealed =
. The tube was heated for 30 seconds ina borlmg water bath, and then mcubaued at 68'C;f o

. of 6 hours The total Rot for tlus hybrtdlzauon was -1600 moles of nucleottdes/htre x | g

" senonds, which was calculated wing the formula Rot--(ug/ml RNA)(O07)x(hours of

‘,.‘-if;hybndtzauon), based on 4 phosphate coneentrauon of 0 5 M and a temperaune of 68'C__v .

7 andy using a Gorre¢tion ictor of 582 (Brinener al 1974).~ Following hybridization e

¥ '. ends of the tube . ere brol:en usmg a‘ tnangular file, and the contents of the tubewere :‘
dtluted e j{1 rnl voﬂ) 12M PB-""_ 1% so_' ,(HAP buffer..:f Thrs vas applted to:l s‘ml"f: >
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: of hydroxyapattte (Blorad DNA grade)'whtch had been prevrously equrhbnated thh
HAP buffer ina water Jacketed column at 60‘C "The hqurd was gently forced through
! the hydroxyapatite by applymg a low mtenmttent pressure (- 5 PSI) to the column ‘( .,
, usmg a one—hole stopper which ﬁt mto the mouth of the column and wlnch was..-
connected via a flexible hose to the general air pressure hne (The valve in'the. atrv
. pressure lme was Just open SO that a vcry gentle stream of a1r passed out of the stoppcr\. |
- connnuously ) The column was washed thh 7 addmonal lml altquots of HAP buffer .
| (at 60'C) dnd w1th each ahquot pressure was apphed to the column: until the
hydroxyapaute was almost dry. The eight resulung l ml fractions from the column ' '
were collecwd tn separate tubes and aquuots of ¢ each tube were ‘Gounted. The majontyi_‘ | |
of the smgle stranded matertal (ie. 32P—counts) was in the first three fracuons and
these were pooled. concentrated thh sec-butanol toa volume of 0 7 ml frozen in dry
ice and lyophrhzed overmght The double-stranded matcnal was eluted from thel .
,‘ vhydroxyapante by heaung the column to 97'C and was g it wi Jh ten 1.ml ahquots of : 1.‘ |
HAP buffer at97'C Thtsmatenalwas pooled and cgg« |
and pet_ce'nt counts bound could be calculawd. | ;
| | _ irled smgle-stranded cDNA was drssolved-ﬁr—Zee-pl of water and passed-~
p over d -1 8ml (pasteur plpet) Gso-F column ethbnated in lmM Tns-HCl pH 7.5, o
i 0. OlmM EDTA 100 ul fracttons were collected, and fracuons 7-15 mclus:ve were‘,‘.. N
- E;”pooled,_frozen, and lyepmnzed. (The excluded peak of-radloacuvrty did not appear o
_'be well deﬁned [thete was essenually no trough], and these ﬁ'acnons Were chosen‘.
because they were hkel :mclude all of the cDNA of a reasonable srze ) The dnedl\ o

at the total amount

.4

*‘“;_7.cDNA was. redrssblved in 52 u.l of "ater and IO ul of 80% glyceroI 02% S




arc identical to those described in the p‘mvioas seéubq.,,‘;
2. Preparation ofSubtracted cDNA Probe. . | |
| First- strand syntheSIS was accomphshed in a sthcomzed F.ppendorf tube
- commmng 100 ul [alpha-”P]-dCI'P (used on the day of amval >3000 Cl/mmot New_ - '
'England Nuclear) 25 m of 10x RT buffer, 10 ul dATP(20 mM), 10 pl dGTP @
mM), 10 wl 'm>(20 mM) 5wl dCI'P'('ZmM), 20'ul oligo dT,; 14 (1, mg/ml), 25"
Vix (200 mM) 25 ut actmomyctn D (1 mg/ml), and 20 ul of RNA (ng/ml poly A+ .
from PMA treated cells) A total of. 30 ;,Ll of AMV reverse transcnptasc (22 U/|.Ll Life .
~ Sc:ences) was added to the xeacnon (m ahquots of 15 10 and 5 pl at hourly mtervals) o
‘whlch was mcubated at 41 C for a total of 3 hours, The RNA was hydrolyzed by ‘. B
addmg 2.6 ul of 10 M NaOH and heanng to 70‘C for 25 mmutes 'l‘he mtxture was ‘
| neutrahzed with’ 30;,11 of 2. 0 M Tns-HCl pH 7.5 and ~20p.l of 1 M HCl (deterrmncd .
empmcally by neutrahzmg a 'mock’ tube contammg the same RT buffer, base and |
Tns-HCl) 3l of 10% SDS was added, the DNA was loaded on 4 G-S0F.column - |
C (ethbnated w1th lmM Tns-HCl pH 8, 0.01 mM EDTA), and the excluded pcak of -
- ‘ radloactmty pooled concentratcd w1th sec butanol and lyophthzed Ytelds were
typlcally about 12 ug, or 900 x 106 cpm of smgle stra}lded cDNA 120 p.g of poly At
| i:RNA (from untreated EL4 cells) was lyophthzed and then d1ssolved m 21 3 u}of water |
i‘,”."l‘(contmmng 2 mM an)\ Tl}e RNA solutton was added to and used to dxssolve the
SR dried cDNA 'I'he tube whtcb had contamed the RNA was nnsed w1th 7 5 p.l of2 M -
g : ‘;’PB and thxs was added to the mtxture 0.8 p.l of 10% SDS and 0 4 ].11 of EDTA (100
’5;"4"'- 'mM) were added, ang the contents of the tube were taken up m a 50 p.l szhcomzed;
E""capmary tabs.. The ends of the tube‘were eat: sealed and it was heatbd ina boﬂmg o




‘-

v

phosphate concentranon of 06 M and a temperature of 68 C; and usmg a correction , '

factorof582(Bnttenetal 1974) e

I

'l'he smgle stranded cDNA was separated from double stranded matenal on a

sec-butanol concentrated to a vqlume of 200 p.l and Tun over a GSO-F desaltmg column\ .

- as in the prevmus secuon Fracuons 7- 13 were pooled (100 u! fracuons .again there o

" dld not appear,‘o be a well defined peak of excluded radtoactwe material), and ‘

lyopluhzed The enure hybndxzauon process was rcpeated except that 60 |.tg of |

" : lyophthzed RNA was-dtssolved in 12 ul of water (wnh 2 mM an) and 4 p.l of 2 M

PB, 04 ul of 10% SDS and 02 pl of EDTA were added before the mxxture was |

placed in a 20ul glass caplllary The ss-cDNA remammg after hydroxyapante

chromatography was concentrated, desalted, and fractlons 7-l3 podled, counted, and

used duectly to probe mtrocellulose ﬁlters rephcawd from the subtracwd hbrmy Ytelds

1

) ofmbuacwdpmbewe{etyptcanyZS%xlmcpm | : _
A vanauon on the basxc method of makmg subtracted probe was. used in later‘

o

‘hydroxyapattte column as descnbed, and the fracttons contalnmg ss-cDNA were Co

| _‘ expenments In tlns protocol first strand cDNA was made usmg 10% as much .
“ [alpha-”l’]—dQTP as above (l e 10 u.l mstead of 100 |.tl, the remmnmg volume is+
:replaced thb water) The remamder of tbe subtracnon process (through two cycles)'. S

4R

| was 1denttcal 'I'he final ss-cDNA whxch was run over a desalung column was"_j o
‘, ' sec-butanol concentrated and then prectpttated thh ethanol and sodmm acetate (RNA" : :
'. 'present in theDNA"acts'as camer) The pellet was dlssolvedm 50 u,l\TE and it was"
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Cljmmol New England Nuclear) and 4 u.l (20 umts) of 'klenow added. The neacnon o
" was mcubated for 6 hours boxled for 4 minutes, cooled o 37 'C and an addmonal 50

!
_m.of water, 20 m of OLB 8 u.l of BSA 20 ul of [alpha—”P]-dCl’P and 4 m of

.'klgnow A@nd the. reacnon mcubateh overmght. ’I‘hls method generated roughly

‘ eqmvalent amounts of probe as did the prewous one (m terms of total number of
.’ " )

RS PR
LET N
] -

counts) but used conslderably less xadxqacuvc nuclcondc and left half of the matenal
. © ] L .
.fOrlabcllmgatalatcrnme A ST Lo
3 ngenmg the Subtracted Lzbrary . L( o - S
\The snbtracted hbrary was plated but on 6 large (150 mm) plates wnh -50 000

‘/J

plaques per plate, usmg the host C600 Iy‘ZA Rephcate mtmccllulo%e ﬁlters were pulled ‘

| from cach plate, and one set was prehybndxzed in a 50% formamldc solunOn as .
descnbed. These were then washed 6 nmcs in 4X SSPE,’ and placed in palrs (back to '
baclc) in 'baggles wlnch were then heat sealed, takmg great care to exclude as much of : 4

o the auasposs1blefmmthe bag The subtractedpmbe wasaddedtoahybndlzauonmxx L

B ',contmmng 1.0 M NaCl, 02 M PB 2X Denhardts soluuon, 0 l% SDS and 10%'..‘ :
dextran sulfate, sb that the ﬁnal'concenuanon of pmbe was 2-3 x 10‘s cpm/ml About 3 L

:: ml of thls probe soluuon was mtroduced mto each of xhe pre-sealed ba ‘s, usmg a 22-1;\..{

.....

i f‘ga‘.lgc needlc and 5 ml synnge 'I‘he mmmmng"mr in the ‘Bag was carefuly °"°1“d°d .

_L‘-'. At

sl and thet‘ puncture hole sealed. These filters were hybndiZed a,

C*for48 hours. and Lt
: then washed as descnbedm secnon C;3 Appamnt posmve clones were pxcked usmg.- e 3

.. ‘the fine end of a stenle pasteur pxpet, and placed m L ml of @-dll Because the o

| ;"‘- mtrocellulose shnnks dunng the'baldng and hybndxzauon process, 1t was eas:est ‘to

:;\-;_ ahgn posm e s1gnals wuh reglons of the plate Very near the 'ahgnment marks on the" | .'f

. containin gPOsniVecloneSWeremdmdually replated appropnate density,'and_
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rescxeened once or twice as necessary (using a second prcparanon of subtracted probe) ‘

r

until posmve clones were plaque ptmﬁed.
G CHARACI'ERIZA’I,'ION OF PMA- INDUCED cDNA CLONES '
- ‘. 1. Groupmg Clones Into Fanulzes, Subclomng, ana‘Northern Analys';s |
One hundred and thxrty -six posmve clones were mlnally pnckcd and plaque
| punﬁed. Phage stocks repmsentanve of the mdmdual cloncs were placed in an ordered '. i
array in 96-well mlcrotme plates and each a.n'ay was xephca plated mulnple"bmes onto :
) / fresh lawns of csoo hﬂA (0.2% maltose in both the top agar ang the plates) usmg a
H 4&-pm tmcrontre n'ansfer devme (Tyler Research Corporanon) The resulnng plaques |
\were transferred onto mtrocellulose, to gLe a large number of ﬁ.lters each of whxch '
R Y contamed an}vdered array of all of the sequences contatned in the ongmal 136 clones
BRI Twenty clones of the 136 were chosen at random and in cach case Eco RI inserts were
. punﬁed and subcloned mto pUC 13. cDNA mse;rts cleaved from the pUC subclones -
were ob;amed m shces of lbw meltmg pomt agamse and labelled dn'ectly usmg the '
_ lrandom pnmer method The labelled’ mserts were used to probe northem blots “
3 B ‘t_contmmng poly At RNA from both PMA u'eated and untreated EIA cells, to conﬁrm - B
- ‘;'*— th , at the"clones represented PMA mduced transcnpts The labelled mserts were also.-'. ) “

- ff-,f,.. '-.‘ used slmmaneously to probe a set of the ﬁlters contalmng DNA from the 136 ongmal‘j

V,‘clones, so that the clones could be placed mto a senes of cross—hybndmng gm“PS or :
S : fannhes Tlns also served to eonﬁrm that the plasmtd subclone was mpresentanve Of the.'lf" _ :
7‘;\ :* »}ongmal phage clone By subclomng thosc ghage CIPMS Whmh dld n°t hyﬁﬂdlze _ﬁ




-

rcprescnted a PMA mduced transcnpt andto determme the ,effects of Cyclospo}n\,&-and' I
. Lo L L
cyclohexamtde on the expressxon of the transcnpt inEl4. . .oy

2 anary Sequence Analym‘ of PMA Induced cDNA Clones

; o DNA sequencmg was accpmphshed usmg smgle stranded templates ahd the ‘
meynucleoude chain termmauon method developed b:w)ger etal. (1977) 1n |
-geneml the procedures used followed closely those descnbed in' the M13 Clomng and -
Sequencmg Handbook (Amersham) The detatls of seveml procedures Wthh have{ -

* been changed or adapted are glven below '

‘ Punﬁed cDNA insests |
" were hgated mto M13mp18 RF (Yamsch Perron et al., 1985) whzch had been ) &
is

- ;prthously cut w1th Eco RI and depho&horylaté usmg calf mtestmal phosphatase’ R
SR N,
".*(Boehnnger Mannhelm) as outhned m Mamaus et al (1982) Transformaqus and

EERET

i platmg were done m E. colt strams IM 101 or IM109 (the latter has the advaﬂ‘tage of

1

“bemg recAl mmus)< Clones wtth mserts in exther orxentauon were tdentiﬁed usmg the |

g 'C Test descnbed by Messmg (1983) For cDNA clones that contained an, mternal

rcstncuon stte that was also present in'the M13 mp18 polylinker, a dtrect method
. | generatmg deleuon mutants was used. A small amount of the double-stranded RF

- ":‘of the xecbmbmant wé’s obtamed usmg the mtmprep procedure outhned m Maxuaus er s |

HA *

, ‘al (1982) ’I‘hxs DNA was cut w1th the relev.ant restncuon enzyme the restnctlon

“ . , enzyme wéis macuvated, the dtgest dﬂuted 10-29 fold, and hgetcd dn'ectly Vu'tualfy all
of the recombmant phage made m tlus way had deleted the portion of»the cDNA msert

aw-

S “‘f‘between the restncuon sne m the polyhnkei' and that m the\lnscxt. Other deﬁetants wc:e : | »
i °ﬂm°ted by cutung the cDNA msert w1th relevant restncuoh enzymes, xsolatlng the -

= .'-’f{".'vanous fragmenm from acry ‘ de" gels and hgaung mto appmpnately cut M13 mp18
‘T. orM13 mp19uectursv L



\th'c' pr§t0col of Guo er al. (1983). A 'casscnc" vector was prepared by cutting M13
\» mp18 RF DNA with Bam HI, filling in with dNTPs using the klenow fragmcm (of
0 DNA polymcrase I), and then cutting with Eco R1.' The result was a vector with one
‘ lum Qnd and one Eco RI 'sticky' end; the vector DNA was also dcphosphorylatcd SO~
o ”‘ghat it was unlikely to sxmply close on 1tsclf 25 pug of plasmid (pUC or pGEMI,
Pmmcga Biotec) containing the cDNA insert to be dclctcd was cut wnh Hmd III (or
Bam, HI), phenol- chlorofomx extracted, and prccxpxtatcd with sodium acetate and:
) ‘cthanol -The cut DNA was rcsuspcndcd in 25 pl of TE, 25 ul of 2X Bal 31 buffcr (24
mMCaCl2 24 mM MgCl2 40mMTns -HClpH 8, 2.0 mM EDTA, and 0.8 M NaCl)
was pddcd, and thc tube was stored at 30°C, Bal 31 Stop solution (25 mM E(}'I‘A‘ﬁ'—~
- 8) was aliquoted i into 16 labelled tubes (15 pul/tube). 1 unit of Bal 31 cnzymc (New
“England Biolabs) was added to the DNA (at‘ 30"C), and 3 ul.aliquots were removed
from the reaction tl;bc every 5 minutes, added 10 a tube of stop soldti’on. and stored on
ice. When the Bal 31 digest was completed, 52 pl of water, 8 pl of restriction enzyme
'buffcr and 20 units of Eco RI was addcd to each of the 16 tubes and thcy were
incubated at 37°C for 1 hour, The tubcs were heated to 70 C for 15 minutes to
inactivate the Eco R, and then an 18 pl aliquot from each tube was run on a 3.5%
acrylamide gel with appropriate markers. The remaining digested DNA was stored at
-20°C. Insﬁcction of the gel was used to determine which iubcs contained DNA
fragments digested to the appropriate lengths, 5 pl of DNA from each c;f these £ubcs
was ligated to 100 ng of the ‘cassette’ M13 vector &csqribcd above (reaction volume
was 25 pl), and the ligation mixture used dirccdy to transform competent JM-109 cells. .
Although there was a mixture 6f two DNA fragments present in the Bal 31{Eco RI
digests, both of which had one blunt and one Eco RI 'sticky’ end, the vast majority of |
the M13 transformants contained the shorter cDNA fragment rather tha the fragment

consisting of the plasmid vector. That the M13 phagé transformants contained a portion



. \
of the cDNA insert was simply conﬁxmcd by pcrformmg\a C-test w1th a phagc

| containing the full length cDNA insert in the opposite oncntanon This method of
generating deletions has the advantagc that phcnol»chlorofom) extraction of all of the
tubes from the various time points is not required (as is the case with other exonuclease

digestion proccduncs) since Bal 31 can be irreversibly inactivated with EGTA (Gray et

76

al., 1975). Furthermore, by simply inspecting the gel the exonuclease dxgesnon can be -

mom(orcd and modified as necessary (e.g. by mcrcasmg the time of mcubauon or
s

amoum of enzyme, onpy dccrcasmgmagalt concentration),

b) Preparation of Template DNA! Isolated M13 ‘plaques’ were picked \a}x\h\t{h::arﬁ_

end of a sterile pasteur pipet, placed into culture tubes containing 2 ml of 2X YT media

“(Amersham Sequencing Handbook) and grown qvemight with shaking at 37°C, The

bacteria were removed by ccmn'fugan'on (S5 minutes m the microfuge), and supernatants
were removed and stored at 4°C. These represent permanent phagc stocks which
remain v1at:lc for ycars To grow templates, 2 ml of a fresh overmight culturc of IM
109 (grown in M9 media, and picked from an isolated colony on an ‘M9 plate) was
addéq to 50 ml of 2X YT, and this suspension was aliquoted into the required number
of cultp‘ic tubes (2 ml/tube). 30 ul of phage stock was added to cach tube (usually 2
tubes were innoculdted with each stock) and the phage was grown with vigorous
shaking (2 325 rpm on the air shaker; acration is the single most important step in

. preparing template) for exactly 6 hours. The bacteria were pelleted (5 minutes in a

microfuge) and the_supernatant transferred to a second tube (keeping well away from
| o

the pellet). The second tube was centrifuged for a further 5 minutes, and supernatants .

. transferred to a third tube, again keeping well away from the pellet. (The secopd

centrifugation ensures that no baqtcrial debris remains in the supernatant.) - Phage

-%pqécles were precipitated by adding 300 ul of 20% polyethylene glycol (PEG), 2.5 M

NaCl (in SM buffer; Maniatis et al. 1982) and stoﬁhg the tube on ice fc_)r 20 minutes.



’

. | .
The phage was collected by spinning 7 minutes in the microfuge, and the supernatant

‘removed and discaiﬂed, The last traces of supernatant (and PEG) were rcmm‘/cd by

+ centrifuging the tube for a futher 3 minutes and using a drawn-out pasteur plpct to

remove th(r%cmammg drops of liquid. The visible phage pellets were rcsuspcndcd in

350 pl of TE, and soluuons of identical phagc were pooled (total volume was usually

700 ul/tube).” The phage solupons were extracted 2X wnh 400 pl phenol (eqmlxbnatcd
with TE), 2X with 400 ul phcnol—chloroform (a1, omlhbnatcd wnh TE), and 2X with

17

400 Wi chloroform. DNA tcmplatc in the final ,aqucous phasc was precipitated by‘ ‘

addmg sodium acetate to O 3M, ﬁlhng the tube with ethanol, and storing it at ~70‘C for
several hours, DNA pellets were Jinsed with 70% cthanol, dried, and resuspended-in
50 ul of water. The quality and purity of the tcmplatc was chccked by running a 4 ul

—

aliquot on a 0.7% agarose gel. :
c) Mmgng_&m Thc scquenc&ng reactions were donc on terizaki

microtitre plates (Falcon Plastics) using a vziriau'on of an unpublished ‘petri plate

- sequencing' protocol developed by G Pielak ( B C). To anneal the tcmplatcs to the

primer, Sul of tcmplatc (prepared as dcscnbed above), 1.5 ul of annealing buffcr (100
mM Tris-HCl pH 8.5, 100 mM MgCly,), 1 ul of primer (17 bp, 0.03 ODy¢q per ml),
and 3 pl of water were combined in a 1.5 ml Eppendorf tube and incubated for 1-2

hours in an oven at 60°C. The terasaki plate was labelled (rows G,A,T,C; columns ° ‘

~according to templates), leaving the top row of wells unlabelled. The plate was placed

on ice, and to each of vthcv wells m the; top 1{0w was added the following: 1 pl klenow
fragmcxi: (5U/ul, Promega 'B"ioicc). 1 pt DTT (0.1 M), 1.1t dATP (13uM), and 2 i
[alpha-355]-dATP (>1000Ci/mmol, New Englz;,nd Nuclear). 2 pl O’Q'G-mi_x' was
nged to each of the wells in the row labelled G, and the same was donc for the rest of

the rows usmg the corrcspondmg reaction mixes. The composmon of the reaction

P

mixes is glvcn in Table 2 The templatc with mmea{cd pnmcr was transferred to the



TABLE 2

"'PREPARATION OF DIDEOXY RBACTION MIXES FOR DNA SEQUENCING

A

|
. Deoxy NTP mixes* (dA", dC", dG" and T) | /
dA" loy aG* T
© 0.5mM dCTP !”“‘\ 2004 ow -~ 2001 200y
0.5 mM dGTP 2000 2000 100 200l
O;SH;M"I'i'P \Qoom © 2001 200ul 10ul
TE buffer | 2001 260;'11 200ul 2001
‘ r
2. Dideoxy N‘,I'PQixcs (qdc,hq0,dd1j, ddA) . o
| e ddG ddT ddA
5.0g1MddNTl% BN 7 1l 3%1 W
Water® | 24001200 — 120 2401

3. Reaction mixes: prepared by adding équal volumes of the deoxy mixes
.and the dideoxy mixes; e.g. 100ul dN* + 100ul dANTP

“#from thé Amersham M13 cloning and séqucncinghandbook

 #the amount of water' may be varied by a factor of two as neccssaxy to obtam a clear

sequence over the dcsn'ed mngc
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approﬁnate well in the first row and mixed by pxpemng up and down several ‘times. 3
ul of the: rcsultmg mixture was then transferred to each of the four wells (G, A‘T C)

immediately below it, taking care 0 mix cach wellby plpcmng, and changmg pipet np‘s

between each: tmnsfer The entire plate was mcubated in a shallow’ pan of water in the oo

37°C incubator for 20 minutes, 2 pd of chase mix (0.5 mM of all 4 dNTPs) was
‘ added to each well and. the reaction mcubated a furthcr 20 mmutcs ]he\eggn was

terminated by addmg 4 pl of. formarmde dye to cach well the products were dcnat&dd\
by placing the plate on a water-filled hcatmg block at =95°C for 5 rmnutes and 1-2- ;ll”

was loaded on each track of a sequencmg gel. The loadlng was facﬂxtated by usmg a 10
pl Hamilton syringe wnh a 26 guage needle. (The outer diameter of‘the nmdle had becn

Il

reduced by placing it H{ a dnll and sandmg the outer surfaoe with emexy cloth ) \
d) S_q_qy_engm Buffer gradient gels were uscd for all DNA sequence

detcnmnanon These gels were poured essentially as descrxbed by Blggm etal. (1983)’ ‘
except that sucrose was not added to the 5.0X TBB acrylanude mix, and 7.0 ml of the

5.0X TBE rmx and 6 0 ml of the 0.5X TBE mix were used to construct the initia}
gradient, The glass plates used to form the gels measured 50 x 20 cm, and 0.4 mfn

thick spacers were used (BRL). A 20 x 40 cm aluminum sheet (6061) was placed ‘in -

\

‘Contact with the anterior glass plate to prevent | sm1hng 0.5X TBE was used in the -

upper buffer chambcr and 5.0X TBE in the lower chambcr and these conccntraupns -

reflect the gradient of salt present in the gel 1tself Al mnu shark's tooth' comb (BRL)

i

was used to form a total of 48 separate wells per 20 cm gel (each well 3 mm wide), and '_

' therefore a total of 12 sequences could be run on’ a single gel The gcls were run dt 40

O watts consmnt power fora total of 3.5-4.0 hours, and tlus meant that 250-300 bases of

sequence could usually be read for each template loaded. The gels were ﬁxed in 10%

methanol 10% acetic acld for - 15 minutes, covered in saran wrap, and. dned for l 2

' hours at 80°Cin a gel dryer (Biorad). The saran wrap was remdved and the gels

79



C ' ‘/80

Y \
B
.

- exposed ovcmxght at room tcmpcraturc (XRP1 film). DNA sequences were read and .

Te

recorded manually Thc sequertce data was stored and analyzcd usmg the program
'DNA Inspcctor II' (Textco) on a Macintosh 512K computcr (Apple Computcrsaé

-

Searches of DNA and protein data bascs were done on a variety of s_ystcms (Blonct

"y

chrogcmc Gene Pro) as convenient.

| .

3. Expfession of PMA-Induced'cDNA Clones in COS Cells
The ﬁnal stcp in the charactcnzatxon of those cDNA cloncs known or suspccted

to code for lymphokmcs was to mscn them into a SV4D basod cxpmsxon systcm and in

turn transfect these constmcts into COS cells. In this way the pmtcms cncodcd by the

various cDNAs were produce:? and could then bc tested in rclcvant bxoassays The&

“'cxpressxon vector chXV 3 was obtained from J Miller (NIH B/thcsda) In this

o

- raccomplishcd usmg DF.AE-dcxtran (ngxpa #D~9885) and a glyccrol shock as
o dcscnbcd by Lopata et al (1984) Bncﬂy, for each transfecnon 4 x 106 COS 7 cclls :;

plasmid, transcription of inserted cDNA is driven off the SV40‘carly promotcr and
SV40 'poly A ak
1985). The '
cut wﬁh o RI and dcphosphorylated, purified cDNA inserts were hgated into the cut

'non signals are included downstrcam of the cDNA (M111cr etal.,

NA can be cloncd into either a Sma I or Eco ngsnc The plasmld was

sne, and mcombmants were obtmned with the i insert in cither oncntauon (as determined
by restriction mappmg) Plasmids wnh the i mscn in the ‘backwards' onemanon scrvcd

%as neganve contmls for transfccuon and exprcssxon Transfecnon of COS 7 cclls was

were sccded m a small plasnc T-ﬂask. “The followmg day the monolaycrs (now .

. conﬂuent) wcre washed thce Wwith RH and dramcd. A mixture was madc by addmg |
s 10 pg of plasmld DNA% (miniprep’ or gradxcnt punﬁed sterilized by cthanolfl
B precxpxtauon) to 1.5 ml of RH and then addmg 05 ml of a DBAE—dextran stock |
solution (2. 0 m/ml, in RH, filter stcnhzcd) (_thn added directly to the

. 4

e
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ﬁEAE-dexuan soluti%n'thc DN4\ will precipitate.) The DEAE«iémeNA mixture
was placed on the rinsed monolaycr and the flask was mcubated at 37 C.for 4 hours
The DEAE- D/DNA mix was mmOVfd by suction, 5 ml of 20% glyccrol (in RH ﬁltcr
stcnhzed) was ‘added to the flask, and the monolaycr was mcubatcd for 2 5 mmutcs at
room tcmpcraturc The glyccrol was removed by suction, the ﬂask was rmsed tmcc
wnh RH and 5 ml of RHFM was, added Aftcr 72 hours in’ the incubator culturc
supcmatants were harvcstcd ccntnfugcd-to remove cells and debris, and stored at

~20 C, Thc COS 'sups' were assaycd dlrcctly for blologlcal actnnty Where material
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 was sent to other cities it was lyophxhzed and then roconsututed and ﬁltcr sterilized on .

arrival.

.‘ H. CAP LABEI,.LING AND HYBRIDIZATION TO MMTV SEQUENCES

Poly A"‘ RNA (from untreated ELA4, or cells cultured wnh PMA or PMA+CSA) ‘

" was ‘de-capped’ as described prckusly (Moss and Koczot, 1976) Bncﬂy, pcnodate

oxidation of 40 ug of RNA was done in a 0.11 ml reaction volume contammg 0.15M

sodium acetate pH 5 3 and 0.9 mM sodmm periodate; the reaction was incubated at O‘C
for 30 rmnutcs in thc dark, thcn RNA was precipitated twice with cthanol and sodxum

" acctatc B—clumnanon was accomphshcd by redxssolvmg the nnscd, dncd pellet i in

' 0 100 ml of a frcshly prepamd solunon of 0.300 M amhnc and 0. 010 M accuc acxd
(adJuSted to pH 5 with conccntrated HC]) and mcubatmg at room tcmpcraturc for 4

hours The RNA was agam ethanol precipitated through two cycles and redmsolvcd in

50 ul water. Rccovcncs vaned from 25-50% of starting RNA Cap labelhng and
hybndlzauon were donc cssenually as descnbed (Wmck et al i 1980) Bncfly. 4 Mg of
. decapped RNA was mcubawd for 60 tmputcs at 37‘C ina 0 l ml xeactxon contammg 50
mM~'I‘ns-HCl pH 7. 9 1.25 mM magncsmm chlondc, 6 mM potassmm chlondc 2. 5
: ,mM DTT 60 uM 8- adenosylmethlomne, 160 p;Cx of {alpha-”P] GTP

v ) ‘ B
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(>3000C1/mmol NF.N) and 10 hmts of guanylyl,mnsfcrasc (BRL) ’I'hc reacfon was
. terminated by addmon of EDTA to 10 mM and labcllcd RNA was scp ed from

unmcorporawd counts by scphadcx G-SOF gcl ﬁltranon Approxlmatcly 5x10° cpm of -

cap labelled RNA was hybndwed to each 14cm x 4cm nylon filucr in 2.5 ml of 6X SSC

for 24 hours at 60°C. Fxltcrs were washed in 4X 'SSC at 37° c incubated wvith 25"

ug/ml RNasc A in 2X SSC at 42°C for 90 rninutes, then. washcd Lhoroughly in 4X SSC B

and exposed at roo{m tcmpcrature. ‘ o o k2
W . B ‘,\‘ . R ‘ P . A . ) “‘\ LI



: was notduetoasunple mhxbmon ofall PMA effects

CHAPTER‘m '. - o | \
N R -

INDUCTION OF INTERLEUKIN 2 MESSENGER RNA INHIBITED BY
CYCLOSPORIN A o s
Y

A. INTRODUCI’ION

-, Cyclosporm A (CsA) is an cffecnvc mmunosupprcss;vc drug whxch h?s proven

useful in organ transplantanon Its modc of supprcssxon may be based. at least in part,
on its ability to inhibit thc producnon of thc lymphokmc Imcrlcukm 2 (IL2) from T .
lymphocytc; (Bntton and Palamos 1982 Bungcs et al., 1981 Rccm etal, 1983). In =
contrast, sumulauon of T lymphocym growth by IL2 is not scnsmvc to CsA (Oroszer .’
al 1982; Larsson 1980; Bungcs et al 1981). leurc to dctcct IL2 synthesis in

leukocyte populauons id the presence of CsA, howevck is not dcﬁmnvc evidence that ‘v
IL2 is not bcmg gcncrated. Rapxd uuhzauon or dcsuucéq\n of the sccrcted lymphokmc

could account for its abscncc Furthcrmorc cvcn if it can be shown that IL2 is not

bcmg pmduced, it is mtcresung to detérmine if thc‘BIock crcated by CsA is at the level
of transcnpuon txm{slanon or post—tmnslauonal proccssmg In thls context it would
beuscﬁﬂtodctcmnncthceﬁ'ectsoszA on thc lcvclsoflLZ mRNA o
The mouse T lymphoma cell hne EL4 (Ean'ar et al f1980) pmduces a numbcr of
‘lymphokines in respopse to phorbol-l2-mynstate-13-acctatc (PMA) and thc human T
leukcmm cell fine Jurkat (Glllxs and Watson, 1980) synthesxzcs IL2 on sumulanon thh " -
PMA plus mxtogcn In this chaptcr we shciw that both EL4 and Jurkat lmes are
mhxbncd from producmg IL2 by CsA 'd‘that thxs mhxbmon is corrclatcd wnh an“ .
abscncc of IL2 mRNA ﬂf meas '

sumlarly mlublted the mducuon of mRNA encodmg colony snmulanng factor for .‘
glanulocytcs and macmphages (GM-CSF) m EL4 cells Howcvcr, the effect offsA

-
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'B. CsA BLOCKS 'I'HE PRODUCI'ION OFIL2 . \
Thc subclonc EL4 El of thc ccll lmc EL4 was selected for i ns hlgh level of 1.2

84

secretion upon sumulanon th PMA In comparxson w1th EL4 E1, the subclone |

IEH.3B of the human Jurkat cell line gcncratcs somcwhat lowcr levels of IL2 upon .

' sumulatxon with PMA plus Con A. 'I‘o dctcrmmc whcthcr the synthcsxs of IL2 by

EL4 El and Jurkat IEH.BB cclls was scnsmvc to CsA, both hncs were snmulated o ‘

the prcscncc of vanOus conccntranons of CsA CsA blocked the secretion of IL2 by

both cell hnes (Flgun: 3) The concentranon of CsA rcqmred for 50% thbmon 510

‘'ng/ml, was similiar to conccntranons previously found to be, effective (Bungcs etal.,

' .‘ 1981). 'Ncarly éomplctc'inhibi'tionvwas observed at 50 ng/ml, and this concentration

.was used in subsequcnt expcnments As othcrs ‘have found. (Britton and Palac:os :

1982 Bunges et al. 1981) CsA had no cﬂ'cct on DNA synthes1s in the IL2-depcndcnt '

f‘
{

‘mouscT-ccllhneusedforassaymgILZ. Ly

C. CsA 'I'REATMENT RESUL'I‘S INA LOSS OF TRANSLATABLE 1L2 mRNA
‘ - To determine whcthcr tthackoflL2 secrcuonmthc pncsenceoszA was due to
a lack of mRNA codmg for thxs lymphokmc, we isolated mRNA from cclls and

translated it mXenopus Iaevns oocytes(Bleacklcy etal 1981 Blcacklcy etal, 1983) o

| The blologlcally acuve translanon products were assayed on: the cloned murme' o

lcytotoxxc 'I‘-lymphocyte line M'I'L2 8 2 (Blcackley et al., 1982). Snmulanon of

g EIA El cells thh PMA mduced genu'anon of IL2 mRNA as dewcted by translanon in ‘-‘

~oocytes (Table 3) WhenCsAwasalsopresentmthecqllculmresatSOng/ml PMA f' ‘

j;dldnoueadmmewcmulauonofmslmblen.zmnm As a control, mRNAwas"‘ o
‘ ,'preparedﬁ'omecilssumulatedmtheprwenceorabsenccoszAand:mxedatharvcst.

L The tmxed mRNA preparanon gave the expecwd yxeld of mnslawd IL2, demonstraung i

WM o N - .
ST E o B e S et



FIGURE 3. Effect of CsA on the production/of IL2 by murine ELA4.E1 cells. (A)
+ EL4:E1 cells were grown in RHFM-IO%FCS}

of 2 x 105ml in RHFM-2%FCS and PMA /(40ng/ml). - Portions (0.5 ml) of this
suspension were added to an equal volume/of medium containing 0 to 2000 ng of
. CsA/mll. Cells were cultured for 24 hours and the supernatants were collected by
' cenwrifigation and assayed for IL2 activity. A stock solution of CsA (I mg/mi)
(Sandoz lot OL 27-400N) was made up in dimethyl sulfoxide. Dimethyl'sulfoxide at
" the concentrations added with CsA was found to have no effect either on IL2
production by EL4.E1 cells or on the IL2 assay itseif. Culture supernatants were

v C /
-/

collected, and suspended at a density

assalycd at several dilutions on the murine CTL line MTL2.8.2 by monitoring uptake "
of [123TJiododeoxyuridine into cellular DNA. Activity was obtained from the titration.

. curve and expressed as ED;) units/’ The experiment was carried out in duplicate, with
data from the two experiments indicated by circles and squares. (B) Jurkat JEH.3B
- cells were grown in the same rdanner as the EL4.E1 cells and resuspended (2 x 106

- cells/ml) in RHFM-2%FCS, 7MA (40 ng/ml), and Con A (66ug/ml). Portions were :

,rgi:vcd with equal volume$/of CsA-containing meduim and supernatants were
harvested after 24 hours of incubation and assayed for IL2 on the MTL2.8.2 line

{human IL2 is active on murine cellg]. Con A and PMA at equivalént concentrations

had no effect on the bioassay, The experiment was also carried out in duplicate.
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'TABLE 3.

" EFFECT OF CsA ON.THE LEVELS OF TRANSLATABLE IL2 mRNA TN

Y N ‘ — : \
' n 2 - - . N “_"
- CPM;

Poly AT RNA from ELA. ' ooenemer o i Total
cells cnlnn'ed’&}nth # 00CYte supernatant = oocyte homogenate = (U/ml),

CA20ng/miPMA | 149002240 97004450 . 128%7

B, 20 ng/m{ PMA+ =~ SR T U .o
- S0ng/miCsA 3%l 195219 ¢+ 14202,

' CMediumonly . ssk9 651l . 04%03

. D.Equal numbers of cells . 104494139 60S£118 ., 600+11
- from A+B" “ : o o I

-

ELA.E1 cells were grown in RHFM-10%FCS. Cells in log phas¢ growth were.
.- collected and resuspended at 1 x'10%ml in RHFM:2%FCS, 'A 1.5 L culture was
. treated with PMA (A.), a second was treated with PMA plus CsA (B.),and 1 L was}’
. .incubated without stimulation (C.). After 16 hr, cells were harvested and 3.5 x 108 =
cells from éach of groups A. and B. were mixed to form group D.  This group serves
' -as a control i show that CsA-treated samples do'not inactivate [L2 mRNA or prevent
its translation. Groups A., B., and D. each contained about 7'x 10® cells (PMA stops. .
proliferation, even in"the presence of CsA). Group C., which had continued to o
- proliferate, ‘contained 1.8 x 10 cells.. Cells were homogenized in 7.4 M guanidine
HCl, and poly A+ RNA isolated. Fhe mRNA was injected (+50'nl at’2 mg/ml, 20, *
© oocytes/group) into Xenopus laevi oocytes and these were incubated at 25°C for 63 . .
hours. Media fggen each group were pooled.(‘oocyte supernatant’), and the oocytes * -
were. then pox and homogenized- ('oogyte homogenate’).. Supernatants and’ .,
. —homogenates were assayed on the mouse cytotoxic T lymphocyte line MTL2.8:2. The = .
' CPM shown were obtained at 1/20 dilation. . Data from the'aCﬁyityfdilqtjon curves '
'were converted to total ED5, units/ml & standard deviation recovered fromeach set of s o
-, oocytes (last’colunn). ... et e 0 P R

. 2 [ . .
. . . e o o - . " B
Yoot ’ L " ' i Y
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that the lac(k«ﬁof mRNA in the CsA-treated cells was not due t0 inhibitory material (Table
3). ‘These results indicate that CsA reduced the level of IL2 mRNA by a factor of at
\ n
least 10,
To con‘ﬁrm that lack of translation was not due to a peculiarity of the oocyte
' system, some mRNA samples were also translated in the cell free wheat germ extract
-system. This system is much less efficient than microinjected oocytes; however, the

results (Table 4) lead to the same conclusion, No biologically active IL2 mRNA could
be isolated from ELA4.E1 cells stimulated in the presence of CsA.

88

Similar results were obtained with the line JEH.3B. Although the yield of L2

and its' mRNA was lowcr with thiswﬁ:ne than wnh EL4 E1, the effect of CsA was

the same, When CsA was present d induction of IL2, no translatable IL2 mRNA

was detected (Table 5). The mRNAs were also translated in wheat gcrm extract, with -

the same pattern of results as for ELA. El mRNA,

" The translatability of various mRﬁAs uscd in these cxpcnmcnts as assayed by

the mcorporauon of [”S]mcthxomnc into proicin in wheat germ or rabbit reticulocyte
lysates, was nearly the same. The general pattern of‘pmtcirlx products synthesized, as
- analyzed by gel electrophoresis was also similar’.ﬂ Other experiments indicz;tc that CsA
is highly selective in its cffc(;t. 6nly a few: {six- té eight) proteins secreted by
PMA-induced EL4' célls are sensitive to CSA (Ng, 1984), and analysis of cloned
complementary DNAs indicates that < 3% of mRNAs cipresscd by EL4 are sensitive
to CsA (sec Chapta VI) Thus CsA does not affcct the yield or general character of
mRNA from thwe cell lmqs. and thc mducnon of IL2 mRNA levels is a spcmﬁc effect.

D NO DETECI‘ABLE ILZ mRNA IN CsA ’I’REATED CELLS
Sequcnccs codlng for: human (Taniguchi er al., 1983) and mouse (Fuse et al

.

1984) II.2 mRNA have been Cloned.: With cloncd complementary DNA, or '



TABLE 4
TRANSLATION OF IL2 mRNA IN WHEAT GERM EXTRACT

Source of x?lRNA added .

to translation mix L2 actvity |
'No mRNA | 78410

A. Unstimulated EL4EL cells . 8lx22

B. EL4 E] cells stimulated wnh PMA » ‘ ‘543 + 38

C. ELA.E] cells stimulated with PMA + CsA 6316

D. Equal mixture of B+ C, 384 + 40

-

The same poly A* RNA.used in Table 3 was added to a wheat germ translation
mixture at 120 pg/ml, Samples were assayed for IL2 at 1/25 dilution, with the rcsults
being given as CPM of [*[]-dIUrd incorporated into the assay cells,
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7 TABLE 5
EFFECT OF CsA ON THE LEVELS OF TRANSLATABLE IL2 mRNA IN
- HUMAN JURKAT CELLS
IL2 activi ’
' : CPM:

Poly A* RNA from B Total
cells cultured with: oocCyte supernatant  oocyte homogenate (Ufml)
A. 20 ng/ml PMA + 31512 - 993 4+ 19 5491009 .

33 pg/ml Con A } , v
B. 20 ng/ml PMA + 50+8 - 158+8 . 0.00+0.29

33 ug/ml Con A + : .

- 50 ng/ml CsA

C. Medium Only 41 259463 ' 048+036

Jurkat JEFi.3B cells were grown in RHFM-10%FCS, collected, and divided into 3
1L cultures at 1 x 105 /ml. Cultures were incubated with the additions indicated for 16
hours. Approximately 7.0 x 108 viable cells were recovered from groups A and B;
1.3 x 10° cells were recovered from group C. Poly A+ RNA was extracted from each:
group of cells and translated in s as in Table 3. Oocyte supernatants and
homogenates were assayed for IL2 activity at 1/20 dilution, and are given as CPM of
['®1)-dIUrd incorporated. Data from the activity-dilution curves were converted to

. totak ED;, units + standard deviation recovered from each set of oocytes (last column).



oligonucleotide probes-derived from the publishcd sequences, it is possible to measure

IL2 mRNA by hybndliauon independent of 1ts translatablhty Mcsscngcr RNA
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isolated from JEH. 3B cells stimulated with PMA and Con A was separated by gel |

electrophoresis urider denaturing condmons, the, gcl was blotted onto nitrocellulose, and
the blot was probed with cloned human IL.2 cdmf)lcn.]chtary DNA (Figure 4), A single
"band of the eipcctcd sizc (marker position 12.5S) was detected in samples from
stimulated cells. However, the correspondmg band could not be dctectcd in mRNA
from cells stimulated i in the presence of CsA. A virtually identical result was-obtained
when a similar northern blot was prepared using RNA from EL4 cells (Figure 5, right
half), and probed with a 34 base oligdnucleotide probe which hybridizes to murine [L.2

mRNA (see Chapter [V). A smglc band of the cxpcctcd size is seen in thc RNA fmm,

' PMA treated cells, but this band is abscnt in RNA from control cells or cclls treated
with PM’& and CsA. |

CsA ALSO BLOCKS THE mRNA FOR GM- CSF IN ElL4 CELLS

othcr lymphokme GM-CSF, is also known to be secreted by ELA cells when

they are treated with PMA. Funhcrmorc, when poly A* RNA from PMA-treated EL4
cclls was microinjected into oocytes, biologically active GM-CSF was -obtainéd
(Bleackley et al., 1983). The cDNA cncodmg murine GM-CSF has bccn cloncd
: (Gough ef'al., 1984), and from the published sequcncc several cross-hybndlzmg
oligonucleotide probes were generated (see Chaptcr IV) A tmxturc of two to these
pmbes wcre labelled and used to probe a northern blot made from RNA from EL4 cells
(Fxgurc 5, left half). A smglc band of the cxpected size is seen in thc RNA fmm
PMA tmated cells but the corresponding uanscnpt is abscnt in unucated EL4 cells or in
cells treated with both PMA and CsA. - This confirms that CsA also blocks the induction
of GM-CSF mRNA in PMA-eated ELA cels.

Wt . \ . s "
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FIGURE 4. Absence of IL2 mRNA in CsA-treated cells. Polyadenylated RNA was R
isdlated from JEH.3B cells, lodded onto a 1% agarose-formaldehyde gel, separated ~
clectrophoretically, and transferred to nitrocellulose, - This was probed with a human ~

... IL2 cDNA probe, using standard conditions. The position of the 285" and 188
».~fibosomal RNA bands (detected on tlie original ethidium bromide stained gel) are
- indjcated. Tracks 1 to 3 represent one.expériment; tracks 4 and S another. Six’
- micrograms of poly A+ RNA was loaded in each lane. Jurkat JEH.3B cells ‘were
treated as follows: tracks 1 and 4, PMA (20 ng/ml) and Con A (33 pg/ml); tracks 2
and 5, PMA (20 nglml) and Con A (33 pg/ml) in the presence of CsA (50 ng/ml); -
track 3, no stimulation.’ (Data from Yuan Lin; published in Elliott et al., 1984)

|
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ng/ml) plus CsA (S0 ng/ml) for 15 hours, and Poly A+ RNA was isolated. After

FIGURE 5. Induction of inRNA for IL2 and GM-CSF by PMA and fs"upﬁessidn by .
CsA in ELA.E] cells. Cells were exposed to ¢ither PMA alone (20 ng/ml) or PMA (20

- separation by agarose gel electrophoresis, RNA was transferred to nitrocellulose and
""\?‘l}_'bﬂlidizcd to synthetic oligonucleotide probes specific for either IL2 or GM-CSF

| able 6). Nine pg of poly A+ RNA was loaded per track. No mRNA for. either.

)gjnpholdnc was evident in uninduced cells, or in cells induced in the presence of PMA
plus CsA. (data from work done in collaboration with J. Shaw) : S

S



'F. DISCUSSION T B ¥
PMA- snmulauon of EL4 cclls results in the appcarancc of mRNA's codmg for
IL2 and GM CSF and the' secretion of thc con'cspondxng proteins into the culturc

%

mcdm CSA blocks the mductﬁ)n of n.2 and GM-CSF secretion by EL4 cells, and the

lack of these lymphokmcs corrclanes wnh the abscnoe of thclr rcspectwc mRNAS CsA

, sxmﬂarly blocks the Secrcuon of IL2 and the accumulauon of IL2 mRNA ip- sumulatcd,

J urkat ccllS Thc apphcabxhty of thcsc studies to normal human or munnc 1ymphocytcs
must be conﬁrmed by further ¢ cxpenmcnts Iti is important to note, howcver that the

cffectoszAonthcmducnbnofMobscrvedmmthcscmmorccll hnesoccurmdovcr

| the same range of CsA’ conccntranon (1-50 ng/mil) as was found to affect normal murine

splenic lymphocytcs stiinulated with Con A (Bungcs et al 1981). The CsA effect

could bc medmted by inhibition of [L2 mRNA transcnpnon or by dcstablhzauon Ithas

bcen shown that insulin Sclccnvely inhibits synthesis of mRNA for the cnzymc‘

phosphoenolpyruvate carboxylnnasc in a ocll line (Granner er al 1983), the prcscnt

- L d

‘results would bc explamed if a similar mhxbmon of L2 mRNA synthcsxs were caused .

by CsA.

| Lympholnncs m gencral and IL2 in pameular play a central role m mmunc o
. responses(Depper et al., 1983) It appears that at least part of the i 1mmunosuppressxve .

' actmty of CSA is dde to 1ts ablhty to sclecnvely mhxb:t accumulanon of mRNA codmg

y for IL2 m human and murine T,lymphocytcs
’,\x.J)



L . CHAP’I‘ER‘IV_““

ISOLATION OF cDNA CLONES ENCODING MOUSE IL2 AND
MOUSE GM CSF

: :A INTRODUCI'ION |
| The ochcnve of this study was Ly 1solate and charactcnzc a. num&pf of c¢DNA
| cloncs whlch contain scqucnccs whxch are mduced by PMAi in thc cell line ELA4. An '
' 1mponant positive comrol for the cDNA clomng process was to show tbat knewn
5 PMA mduwd, full lcngth cDNA clones could be 1solawd from hbrancs gcncmtcd using
mRNA extracted from PMA- treated ELA cells. thcnnore it would be useful to know
. the fmqucncy of these clones in an unsubtracted cDNA ubmy 50 that this ﬁgun: could
| be compand to that for a subtracwd lxbrary whxch had been enriched for PMA mduccd
| scquenccs Such an unsubtracted hbrary also serves as a 'back -up’ if full- lcngth cDNA
B | cloncs cannot be found in thc subtracted hbrary since the subtracted hbrary is more
‘.hkcly to have shorter cDNA inserts, even if thcy have been size selcctcd pnor 0
hgauon Thc cDNAs 1solated in these cxpenmcnts would also bc uscful for a number
of othcr cxpcnmcnts whxch arc ongomg in Dr. Paetkau's laboratory. , ‘
| L At thc umc thls work was donc (Scptcmbcr—Deccmbcr 1984) olxgonuclcondc
o %’fobes wcre avaxlable wmch cross-rcacted wnh two of the lymphokmc mRNAs known e
a | to be mdtﬁed in PMA-trcated EL4 These were murme 2 and. xhurmc GM—CSF and
) vthe Structure of the ohgonucleoudes used is g1vcn in Tablc 6 |
B RESULTS S ,;i-".' L
- Y' Frequency and Szze of cDNA Inserts m the Lzbrary 4 ”‘ ‘ . " -
; -~“ Poly At RNA (10 ug) from PMA- treated ELA cells (harvested at 15 hours) was
used to makc 400 ng of size sclectéd (>800 bp) ds-cDNA as dcscnbed in Chaptcr II

ThecDNAwasusedtogeneratcahbraryof-Sx loﬁcrphage 'I'heﬁ'equcncyofclear i
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! TABLE 6

' DESCRIPTION OF SYNTHETIC\ OLIGONUCLEOT'II)E PROBES

1Y

Length

' Regionencoded ', Sequence

| product murine GM~CSF ' GTAGACCT |

96 -

Probe
© M[230 30 Aminoacids6877of . (5) TTTGAAGGTGAGC-
EE - - - primary translation ATCCPGGGGAG'I'ITCAG
. S product, murine IL2 .
‘H-IE2-34. 34 . . thrmmus of buman ' (5 )AG’ITAGTG’ITGAGAT-
. ¢ andmuinell2 - GATGCTTTGACAAAAGGTA
'M-GM-. 43~ Aminoacids7689of  (5)GCTCGAATATCTTEAG-
- 4313 : *. primary translation . 'GOGGGTCI‘GCACACATGT-.‘
' yE product murine GM—CSF . TAGCTTCTT : R
MGM- = 43 Aminoacids90-104of  (S)TTCAAGGCGCCCTTGA:
. 43.14 primary translation : '~ GTTTGGTGAAATTGCCCC-
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plaques (. ec T phage) in ongmal hganon was ~O 27% compared to a background
’ﬁ'equency of =0. 13% so that about 50% of the phage were expected to have cDNA
from cach was prepared cut with Eco RI, and Tun on a 1% agarose gel. Three of the
phage had cDNA msens and two did not., All of the inserts were longer than 800 base
pairs (one was 2200 bp, and the other two Were =1000 bp data not shown) -

| 2. lsolanon ofMurme 1L2 ’ , A -

| Figure 6 gives an example of the automdrograph which xesulwd when the 30 base
11,2 ohgonucleonde was used to probe a large plate contmmng -25 000 mdependent )
recombmant phage clones (a total of 50 ,000 plaques per plate) ’l‘he two srgnals cucled

-are the only ones which also appeared when the duphcate filter was probed w1th the 34 |

. base oligonucleotide probe, Figure 7 shows the autoradrogmph of the rescreen of clone

17 from the previous figure now probed with the 34 base probe In total, 10 positive . F‘

clones (which reactéd w1th both probes) were. e obtained from 5 plates Ntne of the

inserts were 800.bp in length and the tenth (clone 17) was 960 bp. This 960 bpi insert

- was subcloned tnto pUCI13. It was mapped thh a number of restncnon enzymes and
the map was shown to be tdenucal to that of the pubhshed sequence of murme IL2
cDNA (data not shown). . i

: ‘3 Isolation of Munne GM-CSF

Two posmve clones, whxch reacted: with both probes for GM-CSF Were« _

‘obtamed fmm a second set of 5 large plates Frgure 8 shows an autoradtograph of a,

o7

* inserts (see Cﬁapner Il) Frve plagues from the library were ptcked at random, and DNA i

rescreen of one of these. probed wrth the 43 basf '13' GM-CSF probe Both clones o

: had the 1dent1cal sized cDNA tnsert (800 bp), and one of these (clone 3) was subcloned e

;,n‘mto pUC 13 lt was mapped wrt.h a number of restncnon enzymes, and the map was

.~ shown to be 1denucal 0 that tof the pubhshed sequence of murine GM-CSF cDNA (datab o

"l

R not shown)

RS
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- FIGURE 6... ‘Unselected EL4 cDNA library probed with 30 base oligonucleotide .

probe homologous to mouse IL2. A 138 mm (diameter) nitrocellulose filter was used
to make a replicate of a large petri plate which contained 25,000 independent

-recombinant phage plaques. ~ The filter was hybridized to-the end-labeled ‘probe, -

‘washed, and autoradiographed as déscribed in. Chapter II. - The two positive signals .

| 9‘8f

| pebich ars circled also gave a positive signal on a'duplicate filter probed withithe 34

ot v

.

. base probe (Table 6). -

.
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FIGURE 7. Rescreen of clone 17 using 34 base IL2 probe. The area of the plate —
indicated by 17 in the previous figure was 'picked' and the resulting mixture of phage
was replated at a lower density (=750 plaques/90 mm petri plate), Most of the plaques -
do not give a positve signal, but number of positive plaques are seen, One of thése
- was picked (1-17'; circled) and represents the final isolated recombinant. ‘ '
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C DISCUSSION | L § v | .
 There are two potential poly (A) addmon mgnals within i 1 mouse IL2 gene, and B
both of these’ appear to funcuon to nge rise no two posmble uanscnpts with dxffcreat 3
" termini. The transcnpts are about 800 and 930 bases (Fuse qt al., 1984), and the size
of the cDNA mscrts obtained in tlns study (800 bp and 960 bp) cornelate well wnh the .
pected sme of the mRNAs. It appears that the shorter transcript predormnau:s ImMELA,

" If one assumes that IL2 is an mRNA of" mtermedlate abundance (~300 K
molecules/cell) and that each cell contams -300 000 mRNA molecules (Albcrts etal,
1983) then the expected ﬁ'equency of IL2 in an ldeal' cDNA hbrary would be 1 1000.

,‘ The apparent ﬁequency of IL2 clones in the' llbrary screened in (hls study (1: 12,500) 1s

12 fold lower than expected because t.he ?:DNA was stnngently size selected prior to

’ hganon ino the vector. This means that the hbmry is not a true representauon of all of‘ »
| the mRNA s present in'the cell, but is instead heavily blased in favor of cDNAs longer :
than -800 bp The majonty of cDNA molecules copled from lL2 message are not
likely to be full length; and therefore fall short of the 800 bp cut-off.” However since
the desued product is full length cDNA clones, the larger number of plaques which |
must be screened is mone than compensated for by the fact that any clones found will
contmn all or nearly all of the ongmal mRNA sequence o -

| | The length of the predomlnant GM-CSF transcnpt 1s 790 bases (Mlyatake et al f
1985), and this compares favm;l; ;n_h"me length of both GM—CSF cDNAs clonedv“" "
(800 bp) The ftequency of GM-CSF clones in this hbrary was also much lower than -
expected for an' '1deal _ENA hbrary and cannot be related to the actual frequency of o
the GM-CSF mRNA present mthe cell for the reasons outhned above However the o
relauve frequency of GM-CSF mRNA to that of IL2 mRNA can be esumatcd, smcev:] |
both transenpts are about the same length. The GM-CSF transcnpts are about ﬁve:‘_ U

ttmes lecs abundant than the IL2 transcnpts, smce 2 GM-CSF clones were found,
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\ ‘c‘oinpared to 10 IL2 clones when the same number of olaques were screened This -
E agrees well 'wnh the relauve abundance of the two tmnscnpts as esumawd by companng
the relatﬂe mtzensmes of the two bands on northern analysxs (Fxgure 5) ‘y
Wof the IL2 probes cross-hybridized to about 9 plaques per plate although on
‘avcmge only two of these plaques gave a signal wuLboth probes The plaques that
‘ gave a sxgnal/thh only one of the probes hkely represent cither. amfacts or other R
- cDNAs whtch have some sequence homology to the ohgonucleotxde probes They
probably do not represent mcomplete IL2 cDNAs smce all of the inserts in the hbrary
were of sufficxent length to make thts very unhkely The frequency of false posmve “
‘.clones found usmg a smgle ~30 base ohgonucleoude probe makes it clear that two such
probes should always be used when screemng recombtnant hbranes The longer, 43
base GM—CSE probes gave a lower frequency of false posmve cross- reacuve plaques
(4—6 per plate), but agam two probcs (even from eonuguous regions of the sequence -
Table 6) made the task of selecnng clones constderably casier. . N U |
| 'I'hts rather short chaptcr has presented data to demonstrate that the clomng

method outhned m chapter II can be used to genetate hbranes wtuch contam full length

L cDNA clones known to be mduced in PMA—treawd EL4 cells The method used can be

apphed to the 1solatton of any cDNA clone provxdmg cross-reacuve ohgonucleoude
. ‘probes are avaxlable (In a separate set of expenments the cDNA for human IL2 was 3
: 1solated by screemng a cDNA hbrary generated from mttogen sumulated J urkat cells. )
'I'he apparent frequency of the clones isolated in thxs study (1 12,500 for IL2 and
e 1562, 500 for GM-CSF) will be useful in esttmanng the ennchment factor for the

a subtracted cDNA hbrary descnbed in chapter 5 because stmtlar stze Selecuon and




CHAPTER V

lsouf‘morw OF PMA-INDUCED cDNA CLONES FROM EL4 USING

S, SUBTRACTIVE HYBRIDIZATION
C&%‘ : e
- 'V - o . . \

A. INTRODUCTION - ' =

The object of this study was to is'olatc and characterize a,number of PMA-induced
cDNA cloncs from ELA4. This chaptcr w111 consider the isolation of such clones, and
the followmg chapter \vxll describe thcxr charactcnsucs

Dunng the PMA mduced dxffcmnuatxon of ELA cells, a limited number of new
mRNAs are mducecL ’l’hns is in contras( to the vast majonty of mRNAs whosc relative
abundam:e remains unchanged dunng Lhc PMA treatment (Pactkau et al 1984). The
. induced mRNAs may go from undctectablc to dctcctablc lcvcls(t e, a band on northcm. ‘
blots appcars only in RNA from PMA -treated ELA4), or thcy may 51mply increase over
basal lcvcls which are dcwctablc in untreated ELA4 cells, Wxth any general strategy for
1solanng PMA- mduced cloncs cDNAs of both these classes will hkcly be discovered.
Two cDNAs in jﬁ formcr class 2. and GM-CSF) were cloned as descri
previous chaptcr and this provldcd an important positive control for t;* mg
process, as well as a test of the RNA to be used in later subtractive cloning. .

" A number of thc stratches for clomng differential genes (as described in chapter |
D can be apphed to thc pmblcm of PMA-mdumd differentiation of EL4. Paetkau er al. |
(1984) used thc ‘plus-minus' mcthod ona cDNA hbmry cloned in pBR322 to isolate a
- cDNA clone (‘probc 7) whxch mcrcascd about 4-fold after exposure to PMA. “This
clone has not been further charactmzed. Kwen and Weissman (1984) used differential

or plus-m@ screening on;a CDNA library from PMA treated EL4 (cloned in lambda
| phagc BV- 2) Thcsc authdrs tcsted the scnsmv1ty of plaquc hybridization for

‘plus-minus’ screcrfi@ using two reconstruction expcnments and concluded that tlus
’ o ”. oo : : N
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-method would detect clones which rcprcscntcd 20 02% of the total mRNA ~They
scrccncd 30 t)OO recombinant phage, sclccted 200 potental induction- spccxﬁc clones,
and ﬁmshed with 17 clones which consxstendy scored as inducible. On the basis of
cross-hybridization these were placed into 6 groups, and members of the largest gmu'p '
" (repesenting 50% of the clones) were sequenced and dcmonstratcd 10 bc derived from
the env and §'LTR region of mouse mammary tumor virus (MMTYV), The remaining
| clones were not further chamc;crizcd in their report. Apparently the clones selected did
not include mouse L2, | ~
The 'plus-minus' mgthod of screcmng for differendally cxprcsscd genes has a
) number of inherent hmnauons A limited number of clones can be scrccncd since the |
plaques (or colonies) must be well isolated and casﬂy 1dcnt1f1ablelon the plate, so that
the signal fm_m cach probe can be compared on replicate filters, In practice therefore it
is only poosiblc to plate at a density of about 50Q-1000 pléqucs per 150 mm platcf :
‘(St.Jot.m and Da\}is, 1979). Thé 'plyulsl-minus' mémod also rests on the assumption that
both 'of the duplicatc filters 'hé\""c.thc same amount of DNA rcpncscnting each plaque.
dcmonstratod by the fact that of 200 potential PMA -induced cDNAs originally picked
by Kwon and Weissman, only 17 (<10%) proved to be true posmvcs The process of
scrccmng usmg the 'plus-minus’ mcthod is lumtcd by the background signal that all
plaques (or cplonies) give when probed wnh any cDNA, and ._thls background can be
the sourcc of con31dcrable dxfﬁcufty, pamcularly when pl id libraries (i.e. colonies)
are screcncd The scmcmng and rescreening proccss also :qnich experimenter
rcpeatedly compare largc numbers of 'spots’ on numerous ﬂltcrs and this is tedious
and cxhaustmg, pamcularly if low abundance cDNAs (<0 01%) are sought. In fact the
" major shoncommg of any mcthod which uses unsubtracted probe is that it results in

" only a low lcvel of hybnduauon to sequenccs which are present at a low frcqucncy

v
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For these reasons the author chose to use a strategy employing subtractive

hybridization rather than ‘plus- mmus sc,r:cmng to isolate PMA-induced cDNA clones
from ELA cells. . o "

_ Subtractive hybridiz'a‘tion was first used by Zimmermann er al, (1980) to isolate
genomic clones whigh were induc;d in one developmental stage of Asp;:rgillus
nidulans, As discussed in chapter |, numerous otﬁcr authors have used the tcéhn‘iquc
to isolate a wide varicty of differential genes. In particulavr,‘Hcdﬁck et al. (1984a) used
subtraétivc hybridization to isolate a cDNA cionc encoding the B—chaiﬁ of the mouse
T-cell antigen receptor, Most invcst‘igatom, have uséd subtractive hybridization to
generate cDNA probe whiCh is ﬁcn used to screen random ¢cDNA or genomic libraries.

” It has bcén cstimated that screening random cDNA libraries for rare genes would
involve surveying =1 million closes (Davis er al., '198‘2) To overcome this problem,
Hedrick er al. (1984a) generated a cDNA library whxch was highly cnnchcd (SO-fold)
for sequcnccs of interest by subtracting cDNA pnor to the cloning proccss Similarly
generated subtracted probe was then used 1o screen a much smaller numbcr of cloncs to
isolate rare cDNAs of mtercst. In the work described below, a similar two stagc

_approach was used by the author to isolate PMA-induced cDNA cloncs from EL4.

The isolation of dlffcxcnually expressed genes using subuacuvc hybridization has |
a number of lumtanons The hybridizations require (and consume) relauvcly large .
quantmes of poly ‘A+ RNA, and consequently largc numbers of cells are rcquxred to
generate the smrtmg ‘material. Generation of subtractcd ptobe is wchmcally demanding,
and thls is even more so for the case of constructing subtractcd cDNA lxbranes
Relanvely largc quantmes of radxoacnvc nucleotides are required, and thxs can be: ‘
cxpcnsxve (but less so if the 'random primer’ method of labellmg subtracted probe is

~ used; see chapter IN). Conrpamd to plus-mmus scrcemng, the use of subtracnve ‘

: hybndmanoh to 1solate differential genes is more difficult and more cxpensxvc
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Howcver the latter tcchmquc has a numbcr of advantagcs over thc ‘plus-minus'
approach Considerably larger numbcrs of clones can bc scrocned since plaqucs can
be plated ata high density, and posmvcs picked and plaque purified by rcscrtcmng
The tcchmquc is also probably fastcr and less tedious, since the cxpcnmcntcr does not
nced to, comparc a vcry large numbcr of ' spots A question which has not been

‘addressed is the reliability of the subtractive hybndtzanon mcthod for isolating

: dtffcrenual genes, What fractton of the cloncs choscn dunng thc tnmal screening
represent induced sequences? The work‘dcscnhed below will pmwdc an answer to this

question. : : ¢

B. RESULTS ANDDISCUSSION |
\." Subtracted Library : 4
’ Figure 9 givcs an outline of the ttmcodurc'usod to gén;:ratc the subtracted libmfy '
+ the dctatls of which are dcscribcd in chaptcr 1. The original yield of ss-cDNA was |
' about 70 ug, and following subtractxon and gel exclusion chromatography about T ug
(10% of the Stamng material) rcmamed If thc appamnt yield of smglc—strandcd counts
(S mtlhon cpm) and counts elutcd at 97° C (12.5 mxlhon cpm) are comparcd the
ennchmcnt factor would appear to be about 4—fold Howcver ot all of the matcrtal'
. loaded on.the column can be eluted even at 97’C (the tcmpcratum at which the water in

- the column ]acket b011s) and prcsurnably the residual matcnal rcprcscnts double
'. IStranded matcnal and scqucnces whlch have been rcmoved from thc startmg cDNA
Funhcrmore the matcnal that ﬂows through the hyroxyapante column at60°Cis notall

| smgle stranded cDNA but a combmatton of cDNA and dcgradatlon products so that _

about 40% of thc appamnt smglc strandod counts are in fact ﬁ'ee 32? counts or vcry

 short ohgo-nuclcotides whlch are not cxcludod fnom scphadex GSO—F Therefore thc

acmalytcldofthcsmglcstrandechNAts-B nnlhoncpm(06x5unlltoncpm)ﬁoma -

- -
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mRNA*(200ug ) + dT ,,_;¢+ ANTP's + RT
NaOH,70 °C, =~ o

ncutralize HCl
exclude GSOF.N lyophilize

cDNA*(73ug, 22.5SMCPM) + mRNA(200ug)
~ hybridize to RoT=1680, vol=50ul. ‘

HAP - = d‘isvcard

column‘v"‘/'-‘

97°C" _"bound ds material

] 12.5MCPM, 72%
. S ! 60 C - s ' .
free ss nfaterial = [EL4* - EL4%] cDNA

{ SMCPM, 28% y

- butanol concentrate, exclude G50 F, lyophilize -
size select on A-Sm, pool leading haif of peak

Lyielda 2.IMCPM, 6.8 ug, 9.3% of original cDNA |

dGTP + TdT (G-tail ss cDNA)
" ; ‘add RNAse A, +oligo dC, boil’
chill, + dNTP‘s, + Pol 1
1) Eco RI methylate
L 2) ligate Eco.RI linkers
. - ) 4 "~ + 3) cut Eco RI' o
‘ ‘ | 4) size select for >800 bp
o ~*  YIELD=350-ng

'ds cDNA ———p

ot

—

' FIGURE 9.. Procedure used to gencrate subtracted cDNA library, “The yields after each
of the various steps are given in micrograms of cDNA, million counts per minute of labelled
cDNA (MCPM), and/or as a percentage of the total starting material. mRNA* represents'

. poly A+ RNA from EL4 cells treated with PMA (20 ng/ml) for 14 hours [ELA4*], and "
DNA® is transcribed from this material. mRNAS represents poly A+ RNA from unstim- -
ulated EL4 cells [EL4%). -Complete details of the subtraction and cloning process are given
. in Chapter IL. RT refers to reverse transcriptase; TdT refers to terminal transferase. - To
- gencrate the amplified subtracted library 135 ng of the final size selected cDNA was
. ligated into lambda gt10 arms to yield one million independent recombinants. Only a ‘
small proportion of these were screened with the subtracted cDNA probe (see next figure). L
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3

3 starung amount of 22, 5 mllhon Cpm, 5o that the esumated ennchment is about 8- fold

) (22 5/3 7. 5). Tlus level of enrichment was felt to be srgmﬁcant for the’ purposes of ‘

o this study, and a second cycle of subtracnve hybndlzanon was not undenaken

B " Furthermore, cach cycle of hybndmmon and hydroxyapaute chromanography appeared

- to result i m srgmﬁcant degradauon of the cDNA (conmdenng the number of 'free 32P :
"' counts released) and it was felt that a seqond cycle of hybndazanon would result in

cDNAs too short to be acceptable for cDNA clonmg In fact when this subtracted

- cDNA was run ona low melung pomt agarose gel (for the purposes of snze selectmg,

see chapter II) 1t was seen to, consist of a populanon of molecules which were
'_ ' consrderably shorter (average size =430 bp) than those generated from the same cDNA
o | whxch had not been subtracted (average size ~7OO bp) (data not shown) Al’ugh the
'subtracnve hybndxzauon process may have been selectlng for cDNAs of a shorter size
( e the PMA mduced messagcs may consist largely of short mRNAs) itis also very.
hkely that the hybndxzauon and selecnon was causmg consrderable degradauon of the ="
' -cDNA Although this effect has not been reported in the hterature it has apparently |
. been observed by a number of mvesugators | \
| - The hganon of the subtracted cDNA 1nto lambda arms ylelded a frequency of
clear plaques (x eecld phage) of 0. 33% compared oa backgnound frequency of
‘0 16% in the contml hgauon where no cDNA was added. Tlus means that about 50%
| of the: phage in the cDNA hbrary contamed cDNA mserts Nm'ocellulose ﬁlters were
replicated from four 15() mm, plates (-50 000 plaques/plate, or -925 000 recombmant o
B phage/ﬁlter), ind these filters were probed wrth ohgonucleoude’ probes for lL2 and | 5
GM-CSF (the probes are, desenbed in chapter ID: The frequency of IL2 clones
(plaques whxch gave a sxgnal wrth both IL2 probes) was ~1: 1400 recombmants. and
o ~GM-CSF cl"ones occm'red at -l 8000 reeombmants Thls compares 1o frequencres of
. _l 12500forIL2 and 1: 62500forGM-CSFm theunsubtractedhbmrydescnbed 1n

d L
~



| 108
N

-apparent ennchment factor for IL2 clones (12,500/ 1400=8 9)-and for

chaptcr IV ]

 GM-CSF clones (62.500/8000=7 8) in the subtracted hbmry is in reasonable agreement‘

. wnh the esnmated ennchment factor based on the améunt of ¢DNA retamed on the

hydroxyapante column (see above) “The | presence of these two known PMA induced |

cDNAs at mcreascd frequencnes in the subtracted hbrary made it very hkely that the

lxbrary contmned, and was ennched for, othier unknown PMA mduced sequences To
1solate such cDNAs the subtracted hbrary was probed wnh subtracted cDNA probe

| 2 Subtracted cDNA Probe

F:gme 10 4 nges an outlme of the procedure used to generate cDNA probe which

was hxghly ennched for PMA-mduced sequences in EL4. The quantmes and yxelds are

‘from a typlcal preparanon and in general were very similar cach time subtractcd probe o

i was made Two cycles of subtractlve hybrxdxzauon and ' hydroxyapatite .
chromatography were ‘used, the ﬁrst cycle resultmg in apprommately an 8 fold‘
“ “enrichment (912/109-8 4), and the second in a further =3- fold enrxchment
(109/36—3 0) 'I'he overall enfichment was 25-fold, so that about 4% of the stamng )
- cDNA remmned. This represented a rather small quannty of probe (in terms of total o
nmpber of counts), so that unusual measures were taken to hybndlze in small volumes‘ |
and{at high temperatures (at which hybndwmon ocours abdut 3 faster than a 42'C) N
asde)smbedmchapterll B - o I t. ;'f{ .
| ) bserved“bove, a relanvely largc number of 'free’ 32P counts. or short"f“.
ohgonucl @A&'ete e eased thh each cycle of hybndmmon and snbtracuon (e g . .
173 mxlhon cpm nppeared\to be sxngle stm{ded,but only 109 mxlhon cpm [63%] were: ;i
o excluded fmm a GSO-F csf fdunng the first cycle) In the ongmal cascade' " o
hybudlzauon pmcedm'e used by Timbetlake (1980), Zimmermann etal (1980) and o
Mather etal (1981) a ﬁnal posxuve seIecuon step was used to punfy the cDNA of -

T



mRNA* (4Oug)+dT,2 18+dNTPs+RT+ \‘PdCrP(l mCi.)
i ‘ NaOH,70°C, . . ’

e o ncutralize HCl
e s exclude GSOF lyophilze

cDNA*(lZug, 912MCPM) + mRNA“(lZOug)
hybndue to RoT—168O .vol= 30ul

HAP o discard. —
column ‘ ' ‘ .

97°C bound ds material
73OMCPM 81%

- fr@ ss matcnal = [EL4*- L4°] probe
. S 173MCPM 19%

lbutanol conccmratc exclude 050 F lyophlhzc

[EL4* EL4‘*] probe(lO9MCPM 1.4 ug, 12% of original prob;z
. 4+

50 ug mRNA“ (dlssolve probe wnh RNA), hybndxze to A
- ROT"ISOO vol'—20ul

HAP
column

‘g7 0
L C +: discard

butanol éoncc‘mratc. : cxclpdc‘ froih GS.QF"' |
EL4*-(EL4®) 2 probe ——-;Probe subtracted
(36MCPM 4% of ongmal cDNA) o hbrary =

FIGURE 10 Pmcedurc used to generate subtmctcd ¢DNA probe The vanous B e
preparanons of mRNA and cDNA are as dcscnbed in ﬁgurc 9. ‘ |
\ . ‘ _ 1
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.tntenest. The eqmvalent step in the series of expenments descnbed here would be to |
'hybridize the final subtracted probe to an excess of poly At RNA from PMA treated
.'EL4 cells and then' collect the: double stranded matenal by a third cycle of
| hydroxyapattte chromatography One of the effects of thxs step is to punfy longer
cDNA from “free’ 32p counts and short ohgonucleondes a process which can be mote -
stmply and dxrectly accomphshed by GSO-F gel exclusion chromatography Such a
: back-reacnon also removes cDNA molecnles Wthh cannot hybndtze to the mRNA .
‘ used in the positive selecuon hybndtzatlon step However thrs unreactable cDNA |
| does not offect the screemng process (etther in terms of mcreasmg the background ‘
| sxgnal or by ngmg false posmve sxgnals) and the 'back-reacnon is unnecessary to
generate strmghtsubtractedprobe(MDavxs personalcqmmumcanon) o : S
The observation that only 4% of the ongxnal cDNA remamed after two cycles of
subtra n allows an estxmate of the maxlmum difference between the mRNA
populgﬁ'g produced by EL4 cells before and after PMA stimulation. A mammum of
S 4% of the total mRNA present in PMA treated EL4 cells xepresents sequences which
"are mduced. and the true ﬁgure is probably lower than this,
3. Probmg the Subtmcted bbmry o
. Fxgure 1 shows an example of an autoradxograph whxch resulted when the
- subtracted hbrary was probed with subtracted cDNA probe.”A large pl'oporuon of the
| “ posmve s:gnals are circled (m pencrl) The original plate contamed ~50 ,000 ¢ r phage, '
B and about 25 000 mcombmants which contamed cDNA mserts When probed w1th the

o subtracwd probe -600 dlscrete posmve slgnals could be detected per plate (average of

. four plates), so that about 1 42 (2 4%) of the recombmants gave a srgnal. Vu-tually all~
“ ‘_of the plaques ngmg a posmve ﬁgnal thh the subtracuve probe probably l'epres cm. N ’,

| ;l’; : P MA md“°°d °DNA sequences (see below) These results rmse the followrng , f | :

N "‘.Jquesnon, to wluch there is no pameularly sausfactory answgr [f ,.3% of the mass of‘ o



. ubtraciod Norary Srotad with subt prébe’
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= FIGURE 11.' Subtrictéd cDNA llbrary probcd with subtractcd ¢DNA pmbe About .

*.25,000 recombinant plaques were plated per 150 mm petri plate, and a riumber of "\ |
replicate nitrocllulose filters were made from each of-four plates. These were probed.

oy

. with subtracted probe, and a representative autoradiograph is shown. A numberofthe’
apparent positive plaques are circled in pencil, and those which are numbered were . . -

. picked and plaque purified. [For example, clone number 25 is at 11 o'clock, clone 14~
- at4o clock and clone 12 at 7. o'clock; see below.] A rephcatc filter was subsequently -

. -screened with the IL2 probe, and areas which were positive are circléd and labeled . T
-+ with g 'small dark ‘dot’ on the margin’ ‘of the' cu'cle (there were on average. . 18 IL2

_ positive. plaques per plate). The black marks at 3 o'clock reprcsent an amfact whlch L :

e ,was prcsent on the néganvc

e S
o 1.

e IR
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s the rnRNA in PMA treated EL4 cells is mduced, and lf the subtracted lxbrary has |
ennched 8-fold for PMA mduced sequences, then itis expected that ~24% @B x 3%) or'
l 4 recombmants should contam a PMA mduced cDNA sequence | However the
apparent f)’equency of such sequences is about lO-fold lower than expected This i is
o h analogous to the observauon made in chapter Iv that the obsewed frequency of L2
: posmve clones in an (unamphﬁed) unsubtracted hbrary was 12 fold lower than
- expected. In both libraries the cDNA i tnsens have been rather stnngently srze~selected
and apparently the resulung hbranes do not grve a true representauon of all of the
lmRNAs present m the cell, but are heavrly btased in favor of longer mRNAs It 1s‘ )
| possrble that not only L2, but most of the PMA-mduced messages are of a size that the’_ :
majonty of their. cDNAs fall below the 800 bp ‘cut-off.’ Desprte thrs apparent -
drawback, size selecnon is necessary to generate useful cDNA hbranes whrch have
'longorfulllengtthNAmserts o .' - | |
: An alternate explananon for the dlscrepancy between the esumated and observed -+
frequencies of PMA induced clones is that although =50, 000 plaque forming units are
| vplaced on each plate, because of the high- density only 10% of these actually form
plaques large enough to give a srgnal Tlns explanatron is probably not correct,
-‘however. smce 1f the subtractetl hbrary 1s plated at a much lower densrty (~100 -‘
| ' plaques/‘plate), sull only 2-3% of the plaques grve a §1gnal w1th the subtracted probe | .
| | | {‘ (data not shown) Whatever the reason for the drscrepancy between the estrmated and‘ | :
- observed frequenctes of PMA mduced clones, subtracnve probe sttll allowed the.
fu_tdennﬁcauon and 1so1auon of sequences of i mterest, a task wlnch would otherwrse be Lo
o extremelydtﬁcultrfnottmpossrble | S o I.
- Although the frequengy\j a cloned sequence in the srze selected, subtracted »
o {ibrarycannotgrveanesumateoftheabsolute frequenc:yofthegwen mRNAmthecell, .
K ‘5'.*,"the relattve frequencres of mRNAs can be compared m thrs way 1fthe mRNAs are of" 5 3



the same size class (as was done in chapter IV for IL2 and GM CSF) ami lf both :

A

mRNAs .are mduced by PMA 50 that both have been enrlched the same amount by
: L ‘

subtracuon
. N

Frgure 12 shows the autor('adxograph resultmg from the rescreen of one of the
posmve plaques (clone 25) which was ongmally ptcked from the subtracted ltbrary In

) total, 136 mdependent clones (whtch gave a signal w1th the subtracted probe) were

pxcked from the subtracted library, replated at an approprlate densrty, and rescreened

: (u(smg a second preparauon of subtracted probe also generated as outlmed in Frgure |

| ; 10) unul they were plaque puriﬁed. The ongmal plaques were numbered and the

numbers (for some of the clones) can be ' seen on the correspond.tng posmve 51gnals

cxrcled in Flgure ll In general the clones were ptcked fro)n areas close to the

B

‘ 'ahgnment marks' on the plate as descnbed 1;1 chapter IL® All clones that gave a srgnal 4y

" onthe orxgmal platg al'so gave a stgnal on the rescreen, demonstranng that the subtracted

| probe (prepared on‘ two separate occasxons) was . reliably detectmg certain cDNA

' '
) ;
o :

sequences |
: 4, Grauping the cDNA Clones into’ Cross—hybndzzmg Farmltes

A method for qmckly groupmg the 136 clones 1solated above into a series of
‘-cross-hybndmng fannhes is descnbed tn detml in chapter IL The cDNA mserts from a
| ‘ small number of clones (ﬁrst subcloned into plasmtds) were each used LY probe a set of .

- ﬁlters contatmng an ordered array represenung the enure 136 clones Figure 13 shows E
K | the autoradrograph resulung from two such expenments In the top half of the ﬁgure

- clone 25 was used as a probe Only a smgle member of the 136 clones was capable of
) cross-reacung thh the probe and thts was clone 25 1tself (cxrcled) Apparently thts

- vsequence occurred only once in’ the 136 clones, malcmg zt llkely that it represents a -

: ;lower abundance mRNA In the lower halfof the ﬁgure clone 14 was used as a probe

Nmety-mne of the 136 clones cross-reacted thh tlns probe and tlus definetr a very

",J . H ‘
-

v



FIGURE 12. Resgreen and placiué purification of clén’c 25 ¢cDNA. The region © '

marked '25' in-the previous figure was picked, and the resulting mixture of clones was

plated at a lower density (=400 plaques/ 90mm petsi plate). ‘ These were screened-with—————

 a second preparation of subtracted cDNA probe, and although a large number of the

.-+ clones gave a weak positive signal (Contribufing to a'generalized background), asubset .
~of the plaques gave a definite positive signal. Two such plaques (which were well

. isolated from surrounding plaques) were picked and represent isolates of clone 25

(circled and numbered 1 and 2).- The cDNA insert from phage clone 25-1 was isolated
‘ andsubclonqdin;oaplasmid(pUC)Yecmr. T



. FIGURE 13. Placing the PMA-induced cDNA clones into groups on the basis of
cross-hybridization. " The 136 phage clones which were. plaque purified were
innoculated onto fresh bactrial lawns in an ordered airay, with 48 different clones per

" 90 mm petri plate. The phage plaques were allowed to grow up’and then replicate

~ - nitrocellulose filters were made; from each of the plates. For example, the fiiter in the

‘bottom left (14-1) contains DNA from clones 1 to 48 (placed left to right, top to

bottom), and the filter beside it (14-49) contains DNA from clones 49-96. The three

- filters inthe top half of the figure were probed with labelled cDNA. insert from clone -

~+25, and the only clone which gives a signal is 25 itself (circled). The three filters in

" the bottom half of the figure were probed with clone' 14.cDNA insert, and a large

number of clones cross-react with this probe (clone 14 is.circled). Beyond number
115 the clones are not numbered consecutively and this éxplains why it is possible to
have a clone number 154 when only 136 clones were isolated (see below).
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large family of clones (identical dr closely related) which reprcsc‘nt thc}nost abundant
PMA—induccd transcript in ELA4, Clones which did not cross-react with the inital setof
probes wcec thcmS?l\.rcs subcloned and used to prgbc a similar set of filters. Iq,@is
. way all of the Porigina‘l“136‘ clones were placed into families and representative members
of each were available in plasmids for further analysis, The relative number of clones
in each of the various groups gives an estimate of the relative abundance 01; the
corresponding mRNA m the total pool of all PMA-induced wranscripts. A co.nv_cnicm
summary of the different individual PMA induced cDNA clones found in this stﬁdy is
given in Table 7 (Chapt& VD). | |
5. Northern Analysis of Selected cDNAs ,
| chrcscntauvc mcmbcrs of the families of cDNA clones sclcctcd and grouped as
' described abovc were subcloned into plasmids, and the cDNA inserts from thcsc were
labelled and.,uscd to probe northern blots of poly A* RNA from PMA-ueated and
untreated ELA4 cells (th; RNA used in these 'blots was in fact the same RNA used in
~ gcncraﬁng both the subtracted library and the subtracted prdbc). This ‘critical
~ experiment was hcccssary to confirm that the cDNA ‘scquenccsfsclcctcd did indeed
| represent PMA-induced traxiecripts in EL4. The resulis of the northern analysis also
give some indication of the size and nature of the transcripts which hybn'diz_c to the
variéus clones. \ ' | " ‘
Figure 14 demonstrates the rcsults from one such northern, probcd with clone
‘55 Thereis a smgle band (corrcspondmg toa smglc transcript) which is mduccd only
in PMA treated cells (lanc pl), and ab;cnt in untreated EL4 eclls (lane o} ). SumTar K
“results were obtained for clones 12 and 25, although the sizes of the transcripts detected
- _varies ;imong the different clones (see Figures 19 and 21): Fiéure 15 dcmonsfmtcs the
A‘ ~ northern h:su!ts for clone 154; the autoradibgmph shows a faint band present in lane o),
’ which is uiore'.cvident on a longer exposum (right half _of Figure 15). This clone

rQ
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- FIGURE 14. Clone 55 cDNA detects 'a PMA induced transcript in EL4.E1 cells.
Polyadenylated RNA was isolated LE1 cells, separated by electrophoresis on
a 1% agarose-formaldehyde gel, and ferred to;nitrocellulose. , This blot was
probed with labelled tDNA insert from ¢Ione 55 using standard methods. Five
micrograms of poly A+ RNA was laoded i

118

ch lane: Lane p), RNA from ELA.E1

'+ cells cultured for 14 hours in the presence pf PMA (20 ng/ml); lane o), RNA from

unstimulated ELA.E1. The two samples of RNA are from the same stock used to
generate the subtracted cDNA library and/the subtracted cDNA probe. The arrows
indicate the position of the 18S and 28S itochodrial RNA bands as determined by
cthidium bromide staining of the original gét_- . B :
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\

FIGURE 15. Clone 154 cDNA detects\a.PMA ikduced transcript in ELA.E1 cells.
The two panels show the same northern b t exposed for different times. On the left, a
short exposure shows that clone 154 detects a single band in lane p). However, a very
faint band of the same size can also be seen in lane o), and this is more evident on a
* longer exposure, shown on the right. The northern blot used in this experiment: is
identical to the one described in Figure 14. . :

3
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- represents a sequence whxch is present at very low levels in resting EL4 cells but

: mduced o hxgh levels followmg PMA mduced dxfferennatton As drscussed in the |

mtroductlon, this is a class of transcnpts one would expect o find usmg the subtmcnve

strategy descnbed Flgure 16 shows the northern results for clone 11. This sequencem

cross-reacts with a large number of transcnpts all of which are present at low levels m

- resnng ELA cells, and mduwd to high levels by PMA. . | A
| Figure 17 shows the results of three tndependent northern blots probed with

clones 22, 15 and 14 respecnvely All of these clones appear to cross- react w1th the
same transcripts to produce nearly identical northerns. This result made it very likely
that the three clones were d%red fmm the same or a closely related mRNA and this -
was indeed demonstrated to be the case (see lower half of Figure 13; clone 14 ‘

: cross—hybndlzes with clones 15 and 22, as well as many others). All of these clonesl’ ‘
" cross-react with two larger transcnpts which are present in resting EL4 cell and only

shghtly induced by PMA. However they also detect a short transcript which is only

present in PMA treated cells (best seen in the blot pmbed w1th clone 22). ’I'he ﬁnal \
nothem blot i in thls series (Figure 18) was probed with clone 32 Although detected by
the subtracted probe this clone appears to be a false posmve smce it is present at
nearly cquivalent levels in both restmg and PMA—treated EL4 cells The northem blot

- 1tself however pnov1des ‘an unportant control smce it demonstrates that nearly.

" equivalent amounts of mtact RNA are presen\m both the p) and 0) lanes i in all of the
northern blots shown in this chapter (all the nofthems used were transferred from the :‘
same denatunng gel, with equivalent : amounts of RNA loaded in each track)

Collecuvely the northern results demonstrate that the clones selected usmg”
. subtracwd cDNA "probe in almost all cases represent cDNA sequences which are" .

- induced by PMA in EL4 cells One of the clones selected (clone 12) cross-hybndued o
: -thh mouse IL2 and mappmg and sequencmg conﬁrmed that 1t was L2 (data not
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-F IGURE 16. Clone 11 cDNA detects a very large numbcr of PMA mduccd -
transcripts in EL4.E1 cells.  The northern blot used u&hxs expcnment is ldcnncal to

thc one dcscnbcd in Fxgure 14, /



FIGURE 17. Clones 14, 15, and 22 detect a short PMA induced transcript in
- ELA.E1 cells.. These three cDNA clones were used to probe three identical northern
‘blots, All:three probes gave a very similar pattem on northern analysis. Although there

" is a large amount of background, there appear to be three bands, which are best seen in

22, Thé lowest band is present only in lane p), and is completely absent in lane 0). , -
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. FIGURE 18. Clone 32 cDNA detects a transcript which is-present in both PMA
+ treated and untreated ELA.E1 cells. A single band of.nearly equal intensity is seenin
both lanes p) and 0). The northern blot used in this «expcrim’em is idcntica} to the one

described in Figure 14. . -~ = . .



S V-
." . '

-

: shown) This dcmonstratcs that thc stratcgy usmg "subtractive hybndxzanon had also
isolated known PMA- mduced cDNAs The charactcrxsxcs of the othcr clones w111 be
: dcscnbedmthc followmg chaptcrs o ; . -



CHAPTERVI
TR cmkAcrémzAno?i OF PMA-INDUCED cDNA CLONES FROM EL4-
A. IN'I'RODUCI'ION ‘ .

. The PMA- mduced expressnon of mRNAs for IL2 and GM CSF m ELA cells is
blocked if cells are snmulated in the presence of the unmunosuppresstve agent | ‘
| Cyclosporin A (CsA) (Chapter 1II). Furthermore if cyclohex.umde (an mhxbxtor of
| | protem synthesxs) is added to EL4 cells several hours after PMA treatment, the
accumulauon of mRNAs for IL2 and GM CSF is elevated szgmt‘ icantly
- (supennducnon’) (Paetkau et a“ 1985). Thls latter effect may in part be explmned by
‘the exlstence of a labxle repressor protein whxch rcgulates the transcnpnon of the |
| mdt;ced mRNAs, and/or in part by the effect of cyclohexmnde (CHX) in stabthzmg the
mduced mRNAs 'I'he mechamsm by whrch CsA blocks the mducnon of these-
“ ' transcnpts is unknown at present. No matter what thetr mchamsm of acnon, these two ;

agents (CsA and CHX) appear o affect specxﬁcally the expressmn of only a small |

‘ | subset of all of the PMA—mduced mRNAs in EL4 (Paetkau er al 1985) and they'

‘provxde a means of classtfymg the vanous PMA-mduced transcnpts mto groups : ‘

. ‘accordmg to thelr pattern of expressmn For example, the two known lymphokme '.
o mRNAs (IL2 and GM-CSF) whlch are mduced are both blocked in the presence of B
. CsA 'I'lns has led to the. hypothesxs that perhaps all lymp‘hokme mRNAs whxch are
'mduced by PMA tneatment of EL4 cells are blocked m the presence of CsA The fact"‘. : ‘

| tharthe mRNAs for IL2 and GM-CSF are also ‘superinduced’ by CHEX in BL4 has led

: ‘ to the suggesuon that thete isa correlanon between supermducxbthty and Suppressron
o bstA(Paetkau etal, 1985). ; R " Y R

. : \' ! It is hkcly that sxmﬂar factors act to control the transcnpuon and/or Stabthty of;. 4‘
,“'"}' mose mRNAs wlnch show a smlar pattern of expressxon Charactcnz;ng ghe .‘,
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| .' expressmn pattem of the vanous PMA mduced transcnpts from EL4 may thcncfore bc
1mportant in (evcntually) drscovermg the mechamsms whrch conn'ol the concennanon R "

of these mRNAs within the cell. The first part of tlns chapter pre%s?cnts data on the effect |
of CsA and CHX on expressron of the various. PMA inducible cBNA clones mtroduced |
in Chapter V. | | EEE | - |
To further charactcnze the unknown cDNA’ >clones the pnmary nucleotxde . "

R sequence of each clone was detenmned, and these data are prcsented and drscussed in

the second part of tlns chapter In the absence of anothcr strategy, thls approach ‘
(sunply sequcnctng the unknown clones) appeared to be the fastest way to d1$covcr “
more about the nature of the cDNA sequences and their cornespondmg mliNAs
‘ Methods for determmlng DNA sequencc (as descnbed in Chapter H) are
' stratghtforwand and relanvely raprd, and yreld exact data which can be used to search a,~
| computer data base to 1dennfy sequenccs (DNA or protein) wh1ch have already been - |
reported If a c10ne does not correspond toa known sequence 1ts (DNA) sequcnce is
: nevcrthclcss mqmred o pred1ct the sequence of the eorrespondmg protem

o “'B PA'I'I'ERNS OF EXPRESSION OF PMA. INDUCED cDNA CLONES |
| Flgure 19 shows the autoradlograph whrch resulted when a northern blot of total' o
. "' cellular RNA from EL4 cells was probed w1th labelled msert from clone 12 (tlus clone‘: o
was shown to be lL2 as descnbed in chapter V) As descnbed above, the IL2 transcnpt |
- - is absent m control cells (lane o]), mduced in PMA-treated cells (lanc P] ). and blocked‘ | ‘\ ,
e in thc presence of PMA and CsA (lane c] . Furthexmo'e, by addmg CHX ten hours"_ .
; | after PMA treatment (lane x] ), the transcnpt appears to be supcrmduced' about 4—fold -
f ,(compare lanes x] and p] ). Tlus blot serves as a posmve control for a number of‘
‘;i‘tdenucalblotswhrchfollow EPAR el | T
To ensure that eqmvalent amounts of mtact mRNA from cach lane were‘ . '

CEN .‘.:."
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| .FIGURE 19. 'E‘xpi'es‘sionpancm of the transcript deicctcci by clone 1 2. “Total cellular -

. RNA ‘was -isplated from ELA.E1 cells, separgted by electrophoresis on a 1%
. agarose-formaldehyde gel, and transferred to.nitrocellulose, This northern blot was -

- probed with fabelled cDNA insert from clone 12, using standard methods. Twenty ug’
. of total RNA was loaded in each lane. The RNA was from EL4.El cells treated as
- follows:" lane x), PMA (20 ng/ml) for 16 hours, with cycloheximide (20.pug/mi) for the

last. 6 hours of culture; . lane p), PMA (20 ng/ml) for 16 hours; 'lane c), PMA (20 e

-ng/ml) and CsA (50 ng/mnl) for 16 hours; lane o), untreated EL4 cells. The arrows ' -

) .

~ mark the position of the 18S and 28S mitochodrial RNAbands. "~ ' .
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transferred to the northcm blots used 1n thrs study a second control was also done For

——res

this, a northern blot (tdenucal to, that used in the- Figure 19) was probed w1th labelled ‘
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cDNA insert from clone 32 (Figure 20) As descnbed in chapter V the mRNAns‘ :

present in equrvalent amounts in both control cells (lane o}) and EL4 cells treated wrth o

PMA (lane p] ) Funhermore nerther CsA nor CHX aﬁ'ects 1ts expresston since bands
ofequal mtensrty appearrnallfour lanes ofFigure’A) | -

: Frgure 21 shows the results of a northcm blot whrch has been probed wtth clonc
25 cDNA mscrt. The transcnpt detected 1s clearly mduced by PMA (a band 1s absent in

Iane o}, but present in lane p] ), but levels of expressron are unaffected by cither CsA or.

@

. ‘CHX (the bands in lanes x], p] and ] are of equrvalent mtensrty) \Frgure 22 showsa

stmrlar result for clone: 154 bnt agarn demonstrates that a smal\’ arnbunt of this -

transcnpt is also made in untreated EIAceIls (a very farnt band can ‘be detected in lane
ol; comparel‘”rgurelS ChapterV) o | o

. ) !

., Figure 23 shows the results of a northern blot whrch has been probcd with clone =
14 A series of longer transcnpts produces a series of mdrsunct bands (the northem ‘

‘ blot whrch was made wrth ‘total RNA rather than poly A+ RNA and appears to glve" e

poorer resolutton of the vanous u'anscnpts) In gencral these longer u'anscnpts are

shghtly mdnwd in PMA-treawd cells ’I‘he outstandrng feature of thcse blots however

. 1s a very dark band which is. present 1n lane p) but absent in lane o) ’I'hts short T
. 'PMA-mduced transcnpt is blocked 1uresence of CsA (the short, dark band is, " .

&__._,_d..___...—.‘

\_ absent in’ lane c] ), and appears to be relauvely unaffected by CHX (the bands are of E

equal mtenstty tn lanes p] and x] ) The nature and sequence of thrstranscnpt wﬂl be T L

. li i\ .

}lesmbedmmuchmoredetaﬂmChaptervm.

b 5
i -\\

// The ﬁnal northem blot tntliis senes (Figure 24) shows the results when clone 55 ‘~‘ “ |
cDNA msert was used as a probe The transcnpt detected is mduced by PMA (a band‘ L "

' : ‘_,t,, o H._,. -I

1s absent m lane o] and present in lane p] ) The surpnsmg result is that tlns u-anScnpt ff :
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. FIGURE 20, Efpmésioﬂfpat'tem of 'c‘u'ansc‘xyip}' dct\gctcd:by éldné 32. 'The nonhém ,
blot used in»‘this‘cxpcri‘ment is idcn;ical to the one dcsc‘x__'ibed in _Figurcj9. T
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FIGURE 21. Expression pattern of the ﬁanscﬁpl detected by clone 25. The northern
. blot used in this experiment is identical to the one described in Figure 19.
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F ICURE" 22, »E'prrcssi‘o_n pattern. of the transcript detected by clone 154. The .
northern blot used in this experiment is identical to the one descritied in Figure 19.
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FIGURE 23, Exprcssxon pattern of the transcript detccted by clone 14. The northern
blot used in this expcnmcnt is identical to the one described in Flgurc 19 ' ‘
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FIG URE 24; Exprcssnon pattcm of the uanscnpt detected by clone 55. The northem -
. blot uscd in this expcnment is 1denncal to the one descnbcd in Flgurc 19.. -



I

is not blockcd by CsA, but rathcr mduced to levels much higher than those seen wnth
* PMA alone (the band appears much darker i lane c] than in lane pl). Levels of the

mRNA appear to be unaffectcd by CHX (the band in lanes’ p] and x] al‘e of equal |

mtensuy) The results for tlus clone are confirmed and extended in Figure 25. This

figure shows the results of a cytodot (White and Bancroft, 1982), wluch was made. by '
‘ blotnng total cytoplasmxc RNA (from EL4 cells) directly onto mtrocellulosc and thcn ‘

134

' probmg with clone 55. Again the transcnpt detccted is mduced in PMA- treated cells (a )

spot is denectcd m column p};’ but not in column o] )- The tran,gcnpt is mduced toeven .

,;lugher levels in the presence of PMA and CsA (column p/c] shows a much larger and

darker spot in the ﬁrst row). In fact the transcript appears to. be mduced about 16—fold h
~in the presence of PMA and CsA as compared to PMA alone smcc 4 two—fold '

dilutions can be made in the formcr RNA to give an cquxvalent mgnal in both samplcs

v (i.e. the fifth spot in column p/c] nges about the same signal as the first spot in column ‘
p] ) The presence of QsA__algng has virtually no effect on the mducuon of thc, -

iy transcnpt. smce column c) glvw nearly the 1denucal signal to that seen in column 0).

! The expression patterns of the vanous cDNA clones tested are summanzed in

Table 7 The expxesmon pattem of clone 11 (Chapter V) was not tested, smce mmal

. nonhem analys:s failed to detcct a smgle predommant PMA mduced transcnpt (Flgurc |

16) The rcsults of the vanous northem blots descnbed above scrve to confirm that the
cDNA clones 1solated rcgresent PMA- mduced transcnpts present in EL4 cells. The

' onzmalnonhemsusedmChaPt“mead"mmm°m°p°lyA+RNAusedt° -
- gencrate the subtmcted libmry and subtracwd probe, and thus they represent an mternal . R
| 'control fOr the clomng and subtracnon process. The northem blots descnbed in this ‘f ’
| '_‘chapner were made from a completely dlfferent preparanon of total RNA and thus thcy» o

E provxde an extemal control' for the same process

"

[

N



FIGURE 25. Expression pattern of the transcript detected by clone 55, using the

cytodot meihod. * Total cytoplasmic RNA was isolated from EL4.E1 cells, dnd fixed to

nitrocellulose using a 96 hole Minifold apparatus (Schleicher and Schuell).’ For each
RNA sample, serial two-fold dilutions were made and applied to the nitrocellulose, so

* that RNA from 1 million cellS is fixed to the first (4mm) spot,-RNA from 0.5 million

~ELA.El ce ite:
"untreated cells;, column

cells is~a'p'%lied to the second spot; and so on. The various samples of RNA are from

p/c), PMA (20 ng/ml) and CsA (50 ng/mi) for 16 hours;

columnn c), CsA (50 ng/ml) alone for 16 hours. -

a

‘135 -

s treated as follows: column p), PMA (20 ng/ml) for 16 hours; * column o), ‘)
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C. PRIMARY NUCLEO’I'IDE SEQUENCES OF 'I'HE PMA INDUCED CLONES |
| “. The restncnon map and a partial sequence of clone 12 was shown to be 1denncal'
'to that of the pubhshed sequence of murine 2 (Fuse et al., 1984), and it will not be
drscussed funher The sequence of clone 14. demonstrated that the transcnpt was |
derived from the env. and LTR region of mouse mammary tumor virus (MMTV), and '
. these results are presented in Chapter VIII. - , |
_ Clone 32 d1d not appear to be mduced by PMA, ncﬂ' was it affected by CsA or |

CHX We would not expect to isolate a clone with this expressmn pattern using the

- 'subtracnve strategyouthnedtnchapterV andltnshkelythatnsxsolauonlsanamfactor‘

false-posmve of the subtracnve clomng and selection process What is shghtly o
'~ surprising ts the fact that the sequence appeared twice in the ongmal 136 clones selected‘

(Table 7), suggesnng that there is some systemauc (but completely nnlmown) reason ‘
why it was consmtently isolated during the subtracnve process The: clone 32 cDNA

was used'as a control in nonhern blots (as demonsn'ated above), and for th1s reason the- ‘
pruﬁary sequence ‘was determined (Figure 26) The sequence shows a number of

:' ‘ interesting features. The enure sequence is an open readmg frame and codes for a
~ protem whxch is nearly 1dent1cal toa poruon of the human pro-ubxqumn protem |
o descnbed by Lund et al (1985) The mouse sequence d1ﬁ‘ers from the- human by 25 .
smgle base changes (bases wluch dlffer are. mdlcated on Figure 26), but the,

: correspondxng protem sequence 1s tdenucal to the hum”an sequence except for one .

S conservauve change (ala to gly at posmon 57) 'I'he human sequence has an Eco RI sxte ‘

‘about 100 bases from the 5 end, and thxs sue is probably also present in the mouse : |
| ;sequenoe, and suggests that the 5' end of the sequence was lost dunng the subclomng -

prooes& 'IhetotallengthoftheongmachNAmserusesumatedtobe~500bp(onlya‘. -

: pamal sequence is gtven m Figure 26), and thls is consxstent with the fact that the
o eDl‘{A insert detects a smgle short transcnpt of about the same size. Although the |

AREEO
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- #1. TCTIT6CTE8 TAABOABCTS GvaBaTee(t 6RACTTTETC mmml aTTCwnss asTlACKCT TOATCTGETE TTBRGACTTC 6366TEBTGL
TR 68 AAGAREAAGT CTTACACIRC TCCDMGAB mbmstala Asa6iaGa 66TTAGTTS 6CTETECTER Amémm BETOGATOM
1 ATEO0MAR TTASCCOACT TCSTCEAGAG TETCCTTCTB ATGAATETES TECTEGAGTT TTZATo0M olCACTTToA CAGBOATTAY ToToecAsT
o301 GTTGICTGAC TTACTRE A ' |

.

FIGURE 26." Partial nucleotide sequence of clone 32 cDNA. This sequence can be
aligned with the published cDNA sequence of human pro-ubiquitin (nucleotides 118 to
435 [Lund eral., 1985])." Bases which are different between the two sequences are
'indicated by a 'dot’ on the clone 32 sequence. This DNA fragment was sequenced on
both strands, using.a single M13 template for each direction; thus the sequencing -
- strategy was as follows: upper strand 1-317; lower strand 317-1, where the upper

- strand refers 16 the one shown in the figure. (This abbreviated notation will also be
used to describe the sequencing strategy used to determine the DNA sequences shown

. in subsequent figures.) . - . : L ' Lo T



" ‘cDNA mserts were size selected for DNAs 2 800 bp when the ongmal ltbrary was
constmcted. thxs pnocess of swe selection is apparently not perfect. R w )
| . P"tgm'e 27 shows the sequence of a portion of clone 25. This sequence is almost '
identical (bases 1 ©712) o tliatofrnouse carbonic anhydrase Il describéd by Curtis er

al. (1983) and contatns codmg mformauon for the.112 C-terminal amino acids in this

' enzyme (the complete enzyme ts about 260 amrno ac1ds long) The sequence drverges
‘ from that of carbomc anhydrase at base 713 and the . stnng of C's at thrs posmon
“ tndrcate that another small fragrnent of (completely unrelated) DNA was probably
“ hgated to the carbomc anhydrase cDNA dtmng the hgauon w1th Eco RI lmkers. Thts
. 'clomng amfact has been descnbed by other mvestrgatérs (C Benotst, unpubllshed
| observauons) In any case, the mnjor part of clone 25 contams a)cDNA sequence
i capable of detecting a mouse carbomc anhydrase I transcnpt, and such a-transcript is,,
| mduced by PMA in EL4 cells, but unaffected by CsA or CHX (Frgure 21).. Clone 25

- contams only part of the cDNA sequence for carbomc anhydrase lI, the full-length clone , |

‘Teported by Cums er al (1983) is 14801 bp in length. The size of the tmnscnpt detected

| ‘ ‘-vby clone 25 m EL4 has not been detemnned exactly, but it appears to be reasonably
'close to the 1480 base transcnpt predrcted by the full-length cDNA (thure 21)
..Carbomc anhydrase s the second most abundant protem in erythrocytes, and it has

: " been shown that thls transcrtpt is mcreased 2-fold (fmm 0 04% o 0. 077% °f ‘he poly .

B A"' RNA) whenmouse erythroleukemta cells are rnduced to drﬁ‘erentrate by treatment

. with dtmethyl sume (Curus. 1983).. Whether or not the' carbonic anhydrase ] :

= tran t ts present in lymphord cells has apparently not been detenmned by these
e rnvesugators ‘ |

\'i»:f_v.f[fi-sequencc has a smgle large open readmg frame whrch begms at base 62 and ends at
- base 520 Figure 29 shows the predrcted annno-acrd sequence of the correspondmg

' -l.-; y

The complete nucleotrde sequence of clone 154 is’ grven m Frgtn'e 28 ’I'he o
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*l ATTGSACLTS CCTORCAAGE CCTTOAGAM GTCCTTGMG CACTGOATTC DATTARRACA AMAGEGERAGC GTBCOSCCTT TECTAACTTC GATCCTTGCT

101 COCTICTTCC TEGAACTTS GACTACTB0A OATACCCTES CTCTCTBACE ACTCOBCCTC TOCTBGAATE TGTGALLTSS ATCGTSCTON S0BAGCCTAT
'201  TACTGTCABC AGCBAGOAGA TETCTCATTT COSTACECTS AACTICAATS AGGADGEG5A TECTGAIGM GCOATEETED ACAACTBECH TCOASCTEN
4301 COBCTAMAGA ATAGVWGAT CAAGCSTIC TITARGTAM AGMOCCTEC AGCAGOGGTA TCCGAAGGEC ACMGTETEA CCBCCTCTCT GTAGCTANGE

| 4401 ACAGTTAGEC TEGETEATTT GBATCOCHAC TCSCATCTS TATTGTAGAC, CTTTTACCTC TCATCESTTS TECTTACTAR CAVWTETON AMMCARGAC

Y501 ' CONBSTBICT CATGTGGTSS CAGCADNST BONSGCONIT BSTOWETTA GGOCATCITT TCTETGOCAC GEOACHA TEOMAGHEE ACACATEOL
o1 TCTTRCTICT CTTOAGAGCE ATAGGATAAT GWTACTONS GCCTGTTTST TAWATECTA TTTTIAAC CATATNGS TAGGATAATT ANTTACAGT
WAL CONMATCATS AGCOCCDOE COCECTATAA TTTTTCTATT TWMMGTATIT AATTGATA TTTTAACATY GCTAGTAND ATTTGCCSST GGTTTTANW
cem 4 ' T o
‘ :
v .

A b

FIGURE 27. Partial nucleotide sequence of clone 25 cDNA insert. This sequence

can be aligned with the published sequence: for mouse: carbonic' anhydrase ‘11

(beginning at the published nucleotide 472 [Curtis ez al., 1983]). The DNA contains
-~ tye useful restriction sites; Pst I at 345, and Bam HI at 415." Sequencing strategy: .

. -upper; 1-330,348-706; lower 802-409,-415-129, 345-20. (i.e. This DNA fragement !

. has not been completely sequenced over the entire length of each strand.) - %

- .
) -



" Fiest at.

.
T
;

“ 201 r!“

Kx T

il

"

38
T IR
oy

+801

10 » . » . ' e\ n, = " 1

140

emrrccsec mea AT!TWIMT CCAGABECTE mm Aer:ramns GATECAGETT wesrm m\eacmr ccrmm

mmmnmammmnnmmmwm scrmmmcmmmr ‘
ewcm W mmacc TM‘M&M ATMTM Am COATEMTAR TUCTETTTYe ATGEAGEA cctm k

mmmmmmnmmmmm!mmMermmmnwm L

M’MTW M'l’m memm ASCARTATTS rmmw C‘I’ATMHIT mwem TTCTCACTER m W

mm TM'TATATH Ammsr crcrsn:n:c WTCD\T BMI GTATTWM IPCTTRGTGT MTM Mfm

CTWTM w\mmc mmm mmcm mcr ‘I’WTCCTST TN:CCCI’TTC CI’IJ\TI'MCI’ CSTMG@QT TATmM
TKTFTI’NJC mcmzm 'm:rm rmsmn MTB'I'B'I’MT MTMT TTMWTT ammec CCCATTATTA I'MTMCI'

ii')

mmm m:r m mnm AﬂTG\TﬁGC mermrm AMTCTTT O° TACCTARRGT mmm omcrmr TETBEATTAC

 AATATATTCC TTTATEToAT mmrc seaTTe A ‘.‘.'

'

ol

-

- FIGURE 28 Complete nueleoude sequence of clone 154 cDNA msem Important

restriction sites include Acc I at.568, Ava 1 at'364, and Rsa I at 157 and 579..

" Sequencing strategy: . upper, 1-370, 7-198, 223-488, 364-710, 367-548, 509-731.

.7 568-937, 579-872;. lower, 937-551, 780—510 720-522 713 440 681-458 568 155
479 334 364~43 27'7-6 157-1 e

' ; \e~ " ‘ . ‘ 5 ..)_
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0'. ' . .
'FIG o acxd sequence and Hopp and Woods hydrophxhcxty analysns of "

. the pmteui‘ :8ded. by clone 154. . The protein has-an-unusual stretch of 21 residués -
“ which altérmate gly-scr-gly-scr and these are enclosed in brackets. Residues which
differ between this séquence and the the published sequence for rat chondroitin sulfate .
- core -protein arc. underlined. (Bourdon et al., 1986), ' The. ‘hydrophilicity .plot..
! demonstratcs that the protcm has an N-tcmhnal hydrophobxc lcadcr sequcncc (15‘;

L ammo acnds in length)
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protem The protetn has an}unusual stretch of 21 ‘amino acxds Wlth alternatmg glycme
- and serine restdues (enclosed in brackets) The deduced, protem &ﬁuence for rat" ‘l
: ‘chondromn sulfate Gare protcin (from the cDNA sequence descnbed by Bourdon et al| |
. 1986) has a smﬂar central 49 ammo acxd reglon composed of altemaung sennc and ‘,
- glycine restdue& Furthermone these two protems are hlghly homologous over most of N |
thetr length (resxdues whtch are nm conserved between the mouse and rat protems are |
’ underlmed in thm‘e 29) The two cDNA sequences are also nearly 1denucal over large'

stretches of the N-termmal C termmal and 3 untranslated reglons (=85%

| ' conservauon at the nucleoude level) These observauons suggest that the clone 154 ‘

. ‘ sequence codes for a proteoglycan molecule whtch is present m mouse lymphocy;l:s

Proteoglycans constst of a core protem with multtple glycosammoglycan chams '

‘ attached via 0 glycosyl lmkage o serme resrdues These molecules are present at the

,‘ ~cell surface, tnteract with other extracellular matnx protems, and are thought to be

‘ ‘mvolved in cellular adhesron (Bourdon et al 1985) EL4 cells normally grow in

o grape»hke clusters whtch are non~adherent. However followmg PMA treatment the
o cellsbecomedtssoctated, take on amorepolygonal shape, and become ﬁrmly adherenti
to the bottom of the culture ﬂask. Increased synthesis vf proteoglycan during PMA

treatment of EL4 may in part medtate the change m»morphology seen m these cells |
f'.'follomngPMAsttmulauont - e T | S -
| b thure 30 gtves the pnmary nucleoude sequence of clone 55 The sequence |
- shows a smgle large open readmg ﬁ'ame of 133 ammo acxds whxch begms at base 69
o ”and ends at base 470 The cornespondmg protem sequence 1s shown m thure 31
'I'he DNA and denved protem sequenoes have not been prevxously reported. 'I'he sxze : B
jof the cDNA sequence (1510 bp) coxresponds reasonably well to the sxze of the :
' | I;transmpt detected.bn northern blots (F‘ gtnes 14 and 24) 'I'he cDNA sequence reported
N here ts hkely almost full length smce when the cDNA msen 1s used to transcnbe RNA o N

N v\ LT
WA
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301 '7‘ TOCATS8650 mcrsrm ATGCTATTCC mccrm ATTAATAMAG ARATACATTE ACCOCOMAR AGAGGTHT SE0BGIAGA wm !

© 4401 ,memnc creaamec rme\sn CCI’TNTSTG ATEAGTACES mt GERAGECT 6A mms CTCOATE6TS WI'I’C o

+301 ACAATTTANG ]'TMTIGTC mrsm M:CCIJ\C MCI' 6T6C MTM &Tm'l’ﬂ m TTTATATTTA T6TCCTSTAG

V

*601 TB\G!TMN: CTM’CI’M’ST C(ITATATR: MS’ITI’A ACCITTTT 6T ATACBLATAA MMTTCD rmms 6CTRBCCTOR MCTEETAAT

|

Y4 ) ‘ sraeumee mm:na« AmL'TG\TC CTCCTKITC CTUTCCT&\ mm rmmrs MTTEZC ACTAGTTCAT GRAGTECTEO

T TO TMCAGT Gr&‘rm wsm\m GMCTC!TGB TMTB@\ camemem TCACATACTE ARCCTTAGOA TCCITTCTG: mecu:cm ‘

01004 uﬁmmm mmMm crereTTect GABSEATECT AGACCSO0RE TTCCTBCTCE TATCTAACTT wmmra CCONTAGTC paTCTCTCLT:

LIE{} WCTCCCTB CTACTCT@C BW\CTCMG Tm TCTATTTCTT mm MGGVTW.T ‘ITI’LTTQTST ccrnmnrp MWB

201 TGG‘ATE\CT G!’WCTCTGT accrswm meearm mm A&MTC[ CETTWG ramrm m’f ecmax:n‘
W AT CTCU\T ‘I’m nmem MGTMTAC CACAALCTTA CI’ACCU.‘ATB W emwmm maewsr tmmd ‘
L +3401 TCAGGGTW TW TCCCCD\STT TACTCCAGSA mﬂi TATE'ITTTA TTTMTCCW TMTGTTC M’hl! m\mmt S

ML AGCGATTC i

“ . . . " “ . s
- [ ) , . s o . o

o FIGURE 30 Complcte nuclcoudc scquencc of clone 55‘2DNA insert. An clght bp ] |
- sequence which is. found in the 3' untranslatéd region of a number of lymphokine .

- cDNA's is also fourd three times in this sequence (underlined; see text), . Important

+801 A&TM WITTG rwawmc MWIT MﬁCTCCCTC CCCCTD\T(I TCITCGTI’E ATWGTCT MI’QTTCC Aescmcn' "

restriction sites: mclude Sst.1 at. 187 .Nde I at 566, Rsa 1.at 310 and 445, Pvu 11 atﬂ' v

107, 171,"and 1229. :Sequencing strategy: upper, 1-211, 156-359, 187-461, .
©315-546, 434:643, 445781, 566-919; 666-855, 750-947, 8761082, 968.1189."
1055-1288, 1229-1510; :1238-1510; -lower, 1510-1104; 1377-1061 1145-945;

‘.996-796 878-678 800-600 621472 566-305 331 -41, 310-31 187-1, 881
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- FIGURE 31. 'Amino acid sequence and Hopp and Woods hydrophilicity analysis of
the protein coded by clone S5. The protein has 3 potential N-linked glycosylation *
sites, and these are underlined. The hydrophilicity analysis demonstrates that the =~ |
protein has a N-teriminal hydrophobic signal sequence, and the proteolytic cleavage

- which yields tle marure protein probably occurs between ala-18 and thr-19. ‘
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(using an upstream T7 promoter and T7 polymirase) and the RNA run on a denatgring
gel, it runs in almost the same position as does the franscn'pt detected in a northem blot

of poly A* RNA from ELA4 cells (D, Talbot, pexsonal commumcauon) The nucleotide

——
L ’

sequence of clone 55 has a very, large 3’ untranslated gon a feature whxch has been

" noted for a number of lymphokine mRNAs Cap et al, (1986) have descnbed a

|
* consensus sequence (TTAT l'l‘A’I’) which is found ¥n_the 3' untranslated region‘ of

mRNAs coding’for a numben of interleukins, interferons, CSFs; it aopenrs to be
specific to the mRNAs coding for immunoregulatory proteins. This conseﬁeé octamer
is also found in the 3 umranslated region of the clone 55 sequence. It occurs 3 nmes
'\(underhned) at base 584 (one xmsmatch), base 1458 (one mxsmatch) and base 1484
(perfect match) The deduced protein sequence for clone 55 shows a probable s1gnal
'sequence of met—arg-arg followed by 18 hydrophobic ammo acxds and then glu (see’

hydrophilicity plot, Figure 31). Such a signal sequence makes it highly probnble that

the 55'protein is secreted by the cell (J. Jenson, pereonal communication). The protein.
also contains three potential N-glycosylation sites (with the sequence asn-x-tlerser) at
asparagines 46, 75, and 89." This cDNA ‘sequence has a number of features that miakes

it reasonable to suggest that the transcript may code for a lymphokme or other o

~.

a

1mmunoregulatory molecule. Addmonal data concermng clone 55 is presented in
chapter VII.

/ ' _ _ _
D. DISCUSSION - ,

‘4 The charactensncs of the vdnous PMA mduced cDNA clones mtroduced in e
Chapter \' have been outhned”m tlus chapter. These data are summanzed in Table 7,
along with the relative abundance of the various sequences in the original’ 136 clones o
1solated. In terms of expressmn patt(egns. two, clones (25 and 154) appear tobe

“unaffected by CsA or CHX, two are blocked in the presence of CsA (clones 12 and
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‘ SUMMARY OF PMA-INDUCED cDNA CLONES FOUND IN ELA

Prototype  Number found in 136

Identity of sequence

~ band on northern analysis

clone clones isolated - - Expression Pattern

14 99 - induced by PMA short MMTV

blocked by CsA transcript
, unaffected by CHX :

11 -_ 18 large number of bands unknown

- ‘ ~—on northern analysis,
all ind}lcd by PMA; nfc ‘

55 5 induced by PMA ‘unknown

- superinduced by CsA (possible new

unaffected by CHX lymphokine?)

12 4 induced by PMA * murne IL2
blocked by CsA : )

' superinduced by CHX -

" 154 2 induced by PMA core protein for
unaffected by CsA chondroitin sulfate .
unaffected by CHX

. 25 1 induced by PMA murine carbonic
‘ unaffected by CsA anhydrase II
unaffected by CHX

32 2 unaffected by PMA, murine

: : CsA, or CHX; why pro-ubiquitin,
| isolawd???

" Others 5 no subclonable Eco RI likely cloning

- : . inserts, or no-detectable artifacts

‘ nfc notfurtha' charactcnzed , |
"PMA: phorbol-lZ-mynstanc-lB—acctate

‘CsA: cyclosporin A
‘ CHX. cyclohmmnie
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14).'and one is 'superinduced' in the presence of CsA (clone 55). Clone 12 was
‘ supennduced' by CHX, whereas clones 14 and 55 were unaffected by CHX. Clone
11 was not analyzed smce it did not cross—react with a smgle obvtous PMA induced
‘ transcnpt on northern analyms anary sequence data have allowed ﬁve of the cloned

sequences to be identified (clones 14 25, 12, 154 and 32), and one of the sequences
(clone 55) cannot be found in the hterature . One of the clones 1solated is a known
lymphokine (clone l2 1s IL2) and one (clone 55) is potennally a new lymphokine. The
only known PMA- mduced mRNA from ELA4 cells wluch was not found in this study
was GM-CSF. This transcript is at least ﬁve-fold less abundant than the IL2 transcnpt
(Chapter IV). Since IL2 occurred only 4 times in the ongmal 136 clones 1solated itis
reasonable to suggest that if a larger number of clones had been 1solated, GM- CSF may - |
well have been among the clones selected. ' ,

Almost three-quarters of the clones 1solated belonged to the ‘clone 14 farmly and
were derived from the removxrus MMTV. These results are in reasonable agreement
with those of Kwon and Weissman (1984), who found that ha,lf of their PMA- mduced
clones from EL4 were denved from MMTV These. observanons demonstrate one gf
the serious problems with usmg a tumor cell 11ne such as EL4 to clone genes wluch are:
'expressed in normal T-lymphocytes ‘Tumor cells may express genes whxch are
pecuhar to their state and the correspondmg transcnpts may consntute a large
propomon of ajl the mRNAs of interest, malcmg the 1solanon of mone normal cDNAs
con51derably more dlfﬁcult On the other hand, the subtracuve strategy requxres a
. relatively large amount of RNA ﬁom cells of clonal ongm, and these amounts of RNA
can be neadlly obtamed only from cells (such as tumor cell hnes) whlch can be casily
~ cloned and grow rapndly in culmre The clone 14. reu'ovual transcnpt may provxde a ,
| useful model to “study the regulanon o*Nother PMA-mducxble genes such as. ‘\

lymphokmes (see ChapterVIII) 30 thatlsolanon oftranscnptspecuharto turor cells is

-
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not necéSsarily an undcsirqblc r‘csﬁlt prov1dmg ma; these mRNAs have an. intcrcsfing
* expression pattcm In any case, if addmonal PMA-induced cDNA sequences from
EL4 were to be sought by using the subtractive stratcgy outlined in Chaptcr V,a very
important stcp would be the elimination of the MMTV scquchcs (and other highly
abundant induced sequences such as clone 11) from the subtracte‘q c¢DNA probe.



.. CHAPTERVI -

FURTHER CHARACTERIZATION OF THE 'CLONE $5' TRANSCRIPT

" 1

'AIN’I'RODU€I‘ION‘ o L - |

‘The nucleoude sequences of the various' PMA mdu(:cd cDNA clones made lt
| possrble to 1denufy all but one of the clones; the clone 55 sequence dld not correspond
1o any known mRNA or protem (Chapter VD). The sequence of tlns clone has several
“ features whtch suggest that the correspondtng transcnpt may code for a lympholnne or
other lmmunoregulatory molecule. If the putauve lympholqne plays some phystologtcal
: role in the i 1mmune systemt we would-expect that the protetn would be made by at least
some normal T-helper cells, and that the correspondmg transcnpt could be found i in
such cells. To test this 1dea we initally screened a number of other mouse cell lines of ‘
' tmmune origin for the presence of the clone 55 transcnpt. In this chapter we show that‘ :
the 55 transmpt is found in an anngen—dependent T-helper cell hne, and the mRNA is -

. induced in these cells when they are stimulated thh mttogen. ‘
To funher mvesugate the funcuon of the clone 55 product 1t would be useful to
. obtam the protem coded for by tlns tmnscnpt. A number ot eucaryouc expressmn .
systems have been developed wh1ch enable the mvesugator to produce the protetn‘ '
- coded for by any glven cDNA molecule provrded the cDNA is complete (z e. contalns |

thie entu'e protetn codmg sequence, mcludmg the start codon) To obtam the protem.“

. coded for by the clone 55 cDNA sequence, the cDNA was placed in an SV40-denved. | |
B vexpresston vector and transfected mto COS monkey ﬁbroblasts (Chapter II) The_" -
: | resultmg matenal was tested for gmwth promotmg or lymphohne actmty m a number B

o of in vztro btoassays, and these results are pnesented in. the second part of thts chapter

‘ ,"As a posmve control the same expresston system was used to produce mouse IL2 o

R ’ . . . . .
- o, e . . W
. I Lo N . . . ‘L - ) - A

ue
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mouse GM- CSF and human IL2 using the cDNA molecules clOned ‘prevrously{

* A

Table 8 summamses the results wlnch were obtamed when a number of cell lines

o were screened for the presence of the clone 55 transcrrpt (usmg the cytodot method

o .‘Chapter VI)... For each case the cells were assayed cither in the restmg state or

‘ followmg mltogen sttmulauon Only two cell hnes, EL4 and CH2 4 gave detectable .

ES

. levels of the 55 transcnpt, and in each case. the transcnpt was only present in cells -

treated with mltogen (PMA and/or Con A) For:; companson the same cells were also‘

g probed for the presence of the clone 154 transcnpt (chondromn sulfate) ‘This uanscnpt :
.. wis consntuuvely expressed in almost all the cell lines, and was mduced by mrtogen in

"\ ’Av ;

only a few cases. '

- The upper part of Figure 32 shows a northern blot whrch conﬁrms and extends.'

'-; the resugs for the CH2. 4 cells The clone 55 transcnpt is absent in resung cells (1ane .

. | ‘O]), and present in mrtogen-treated cells (lane A]) A snrpnsmg result is that, the 55 |
| ': transcrrpt is reduced markedly when CH2 4 cells are treated with ° mrtogen rrl the :

| presence of CsA (lane C]) thrs is the opposrte result from what was found in EL4 cells.'_“ o

R

g (ChapterVI) The smeofthe 55 transmptrn Cl-124 cells (lane A]) 1s 1denucal to that . B :
- g seen m PMA treated EL4 cells (lane E]) “The cytodot analysrs revealed that. round | .‘ -

celly do not make the 55 transcript (Table Py and this result is confirmed in fane R) Co

The lower panel in Figure 32 shows the' same blot probed wrth the clone 154 msert. In : .
o ~' : contrast to EL4 the 154 transcnpt ts expressed at hrgh levels in restmg CH2 4 cells," L
B and is only shghtly mduced followmg mrtogen strmulauon 'I'he bands are of equal

g mtensrty m lanes A) and C), and smce CsA does not affect the 154 transcnpt this

2 ’m"h” “‘" °q““1 q“’“““"s °f RNA were presem in both lanes of the blot. This later ﬂ o



TABLES Y ‘

: SUMMARY OF CELL ﬁINEs SCREENED FOR EXPRBSSION OF THE CLONE
» . 5s TRANSCRIPT' USING, cy'rooors
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fooy
LA

SE Transcripts dewctcd and expression pattémi

Nafne of cell line ‘“*Type‘.ofécu mirine L2 ,c'lonc\‘SSF " clone 154 )

EI';4:E1 | '4 : T—helpe; 'induéiblg“ | ‘iﬁducible indﬁcible
CHZ4* | | T-hclper e ‘\ lzabéent_l | mduexble | l‘ii'glkhlconr
8IS ¢ mastocytoma . absent S ‘abscnt | :"mw'_cbri.w :
- BW5147 T—cell (?hclper) o a‘i)s‘cnt- L abscnt o ,iﬁducibge o
P388D1 . macmphage | f"a'bsemv \_ - absent _10§v'c6,ri; .
Ls5178Y " | T-cell | ébsgnt _ . z{bscnf ~ low con?A'
L1210 Beell L, absemt  bsem loweon.
SL25 - : | \T-‘cclyll o abgént" o | absent . L hlghcon .
MTL2.8.2* g cytowxlcT-cell ‘ abserit ‘ab$ent‘."q(" : fa,bsclnt.“(?) ' 
. ‘Round cells™. - 'uhléxxown' R absegt' P abscm '1dw con.” |
Bll# O 'I'-hclpcr TR "aibseint‘ ; .f... ‘-absgnt;,~. | hxgh con;_. |
S ‘hybndoma‘ o e
. ConAteawd . mixmreof . absemt®  absent nd.
.:.’,‘splenocytes o v‘ocll‘typqsv R o

- allcellswcretestedbothmthemsungstawandafmnntogcnsumulauon o
- high con.: high constiutitive expression;: low con.: low consntumve cxprcssxon o
- # - *cell lines'developed by C. Havele, University of Alberta . # :
: 2,-#an anti polv-ls cell line described by Fotedar eral.(1985);, - .
' 'I’ht:10 rcmalmng cell hncs are descnbed in the Amcncan Typc Culturc Collcctnon _
- - catalogue;:. . N
-~ 9L2 transcripts were apparcntly bclow dctectablc lcvcls although IL2 is ptoduced in ,
- ConAueawdsplenocytes L :
-nd. notdctermmed e W
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1

_ FIGURE 32. " Expressidn‘pattém of ‘thvcltranscript_.dctcctéd b;y_'cloh‘e 55 in the hclpcf .

T cell ling CH2.4. Total céllular RNA was .isolated from cells, separated by .~
» ' ‘electrophorgsis on'a:1% agarose-formaldehyde gel, and transferred to-nitrocellulose. . ..

- “The'resulting northern blot was probed with labelled cDNA insert from clone 55 (top -
* partof the figure), washed, and re-probed with labelled cDNA insert from clonie 154,
(bottom part of the figure): ‘Eight g of total cellular RNA was loaded per track. The.

. -various RNA samples are from cells treated as follows: lane O), resting CH2.4-célls; .. B
. - lane A), CH2.4 cells.cultured with Con A (2 jig/ml) for 16 hours; ~lane C), CH2.4 . . .

 cells cultured with Con A (2 pig/ml) and CsA (300 ng/rnl) for 16 hours; .lane R), 'round.

. cells’ cultured with Con A (2 pg/ml) for 16 hours; - lane E), EL4.E1 ¢ells cultured with """

"PMA (20 ngfmb)-for 16 hou’rs.f . The arrows indicate' the location of the 18S and 285 -

" ribosomal RNA barids, .
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s, .,‘:\

- observanon rules out any trmal explanatxon for the drfference between lanes A) and C)
"”seenmtheupperpanofthefigme ‘ ' ' -

‘l 2.0 Expresston of the Clone 55 Protein m COS Cells and Bfoassay for F uncnon | .

| N 'I'he clone 55 cDNA insert is very hkely full length for the reason outhned in
}Chapter VL Ftu'thetmore the apparent codmg regron mdxcates that the clone 55 protem
' 1s secreted, smce the N—termmus codes for a srgnal sequence Ilus latter obsew:tton
A makes i 1t even more hkely that the clone 55 cDNA is full length and suggests that if the' .

: protem were expressed in COS cells it would be secreted into the culture medta The "
" clone 55 cDNA . tnsert was hgated mto an expressron vector contarmng the SV4O ‘,
‘. promoter énhancer reglon and these constructs were transfected mto COS cells usmg '

"DEAE-dextran followed by a glycerol shock (the vector and transfecuon method are o

: descnbed in Chapter II) The cDNA insert was hgated in both the forward landr reverse

onentatrons (relanve to the promoter-enhancer clement) and both constructs were L

o transfected in parallel Supernatants resultmg from the reverse oriented' construct

| ”served as negatrve controls for the COS cell supematants In such an expressron‘f -
g system it is dlffic“lt t° desrgn a PCl'fCCt posmve control 10 show that the COS cells;‘ :
transfected wrth the 'forward onented' ‘e\onstruct are actually secrettng the clone 55’} |
> protcm smce there is no known btoassay for the protetn, and the quantmes of protem' -

" produced make brosyntheuc labellmg expenments very drfﬁcult, For our purposes thef" ‘

g ‘posmve control for these expenments mvolved makmg s1m11ar constructs usmg the‘.":
" “f nlonse IL2 mouse GM-CSF and human 11.2 mserts (m both forward and reverse
: }orrentanons), transfectmg these constructs in parallel w1th the clone 55 constructs, and‘g' 5
o showing that the cos cell supernatants ﬁom these knoWn lymphoﬁne cDNAs gavea . :
. posmve result in the appmpnate btoassay 'I'he results of these expernnents are shown |
: .'.‘m Table 9 Both the mouse and human lLZ eonstructs produced srgmﬁcant amounts oflﬂ_j,:

} c* o
“— L R ;;\_v\’. C
SN I
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TABLE9

RESULTS OF BIOASSAY FOR LYMPHOKH\IE ACTIVITY IN TRANSFECI‘ED
COS CELL SUPERNATANI‘ S ‘ .

4

cDNAinsertused  pcEXV-3  imsem | I2activiy ~ GM-CSF*
- for transfection ~ ° subclone no. - orientation - - (units/ml) - activity (U/ml)

" tnouse [L2(clone 12) . '1'81 C . forwad 383 . <bgd
B 19 . rvese  <bgd.  <bgd.
moussGM-CSF  10° . forward <bgd. 512
human2 1% forwad 212 . <bgd,
o | 2 reverse ' <bgd. . <bgd.
~ cloness 102 forwad < . <bgd ' <bgd
SO 103 - revese . <bgds . <bgd.

“:.‘\,;’I'thLZbloassaywasdoncasdcsmbedmCha el S

_ *GM-CSF bioassay was performed by L. Gllbert, University of Alberta, Edmonton
L ;smal described (Branch and Gllbert, in press), 1 unit of GM-CSF glvcs 50% of the

S Tesponse.

. <bgd. lcss than or equal to backgm\md levels of acuvaty m the, standard bxoassay
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| %) when the COS cell supernatants were broassayed for IL2. Srrmlarly, the mouse
GM CSF construct produced the expecwd lymphokme The COS cell supematants ‘
frorn the clone 55 constructs gave a negauve result in both the IL2 and GM CSF .
broassays The 55 supernatants were tested 1n a large number of other btoassays the
results of these mvesugauons are summanzed 1n Table 10. In short no.
’lymphokme ltke or growth promotrng actrvtty has been dtscovered m these .

| | supematants

T

C DISCUSSION s o |
The results reponed in tlus rather short chapter demonstrate that the clone 55

transcnpt is made by at least orie other T—helper cell lrne bestdes EL4 and thts result X

suggests that this mRNA is probably expressed in the normal i immune system and is

not an arufact of the EL4 cell hne ‘The cell hne where the transcnpt is found (CH2 4)
 was detived fmm CBA/J (H-Z“) splenocytes grown in the presence of punﬁed L2 and
| : m'adrated allogenerc lymphc2>cytes (CS7/Bl 6 [H—2"]) The cell lme is absolutely
= | dependent on arrngen for conttnued ‘growth, although it w1ll prohferate fora short time "
' ‘m the presence of L2 alone (C Havele, personal commumcauon) 'I'he growth

L reqmrements of the CH2 4 cell hne suggest that 1t rs very nearly physxologrcal in 1ts

{ _Ybehavmr, and remforces the xdea that these cells represent a good model of a normal' -
‘ | : ',T-helper celL What is pamcularly mterestmg is that the CH2 4 cells do not express the

B ‘Aclone 55 transcnpt untrl they are acuvated' by treatmen} WIth rmtogens. an expressron :

= pattern we would expect for lymphokmes m normal T—helper cells. Furthermore, the _
‘ 55 transcnpt 1s blocked m the presence of CsA a result whrch rs also seen for .f |
| : lymphokmes expressed m normal acuvated T-helper cells Thxs isin drrect conu'ast 0"
B theeffectoszAonPMA treatedBIAcells wheretheSS transcnptxs super-mduced"
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e B TABLElO
¥ \

A ——

BIOASSAYS IN WHICH COS CELL SUPERNATANTS PRODUCED FROM
v ~ CLONE 55 HAVE BEEN TESTED, - -

. .
. )

' _.'Lymphokinc‘orpymkin‘c‘é\cﬁvi'ty‘m‘.ted‘ I "-Collaborat,Or |

-;ntcrlcukm2 o - . 'C Havclc Umvcrsn)q,of Albcna
. -differention of CTLs " ‘ . Edmonton
growth of primary cultures of splcnocytcs o -

A . .
. ‘\ . . ! ‘ry

-growth of prupary bonc arrow culturcs G Eavcs, B C Cancer Research
-differentiation of a lymphoxd i : Laboxatory Vancouver "

. pmcm'sorcell hne ,
B ceugmwmfacmrl .. ___D.Kunimoto, National Institute
. -B cell differentiation factors ' of Health, Bethesda ~ - -
-factors which cause B cell 1mmunoglobuhn : ‘ o
s 1sotypc swnchmg (mu to gamma and alpha)

. " 1
K
N * 4
.-ﬂ'

-intorleukin3 ‘ o . L.Gilbem, UmvcmtyofAlbcna Pt
-GM- CSF . ‘ Edmonton o
}-mterleukm4 ‘ ; TR

. -ClLgeneration , .~ ... I Pla;, Rush Medical Collegc

o T S Ch1cago e
o MastcellM R D Hamxsh McMasterUmversny, T
3 Mcendﬂmhnmon‘ o He ~ -

" macmphagcmxgmuon
: macrophage growth

"‘---~supmsmon of B—cell mpo:xscs";. o D Gr_een, Umversxty of Albcrta
R L Edmonton :

T
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rwo cell lines may lead to some instght 1hto the mechamsms whlch control the |

‘. ' i o . .
expressmn of the clone 55 transcnpt, . cLt -
” ' oA

|
"

A numbcr of cell hnes tested d1d not eztprcss the clone S5 t:ranscnpt, even after )

' ‘they had been actxvated by mxtogens (T ablt 8). From the small sample of cell, lmes

f surveyed it ls not pqssxble to make : any ﬁrm conclusxons regardlng the phenotype of the ‘
‘cells whlch express the clone 55 mRNA 'l'he two cell lines Wthh do make the 55 -

R m helper T—cell lmes and 1t is possxble that all cells whxch express the .

| SS%ene are of th1s phenotype Tlus suggesnon is oensistext ‘with the 1dea that the clone .
55 product is a lymphokine-hke molecule The T—cell line BW5147 docs ,qot make the

55 transcrtpt although the cell hne has many fcatures to suggest that it is alse.i m the'

T- helper cell class Itis vexy hkely that even 1f the 55 transcnpt is expressed only m B

T- helper cells, 1t wxll not be found in all cells of this sub—class

[

From the btoassay data collected to date it is not poss1ble to detenmne thc

o bnologtcal effect of the clone 55 protem pmduct or even if thxs protem has any

S lymphokme or 1mmunoregulatory @vuy When the relevant cDNA sequence is

[
§

\lo

, E mserted, the SV40 based vector and COS cell trangent expresswn system prodtwe both
. ) humah afnjd mouse IL2 as well as mouse GM-CSF (all acnve at dﬂuuons greater than

' IOO-fold), and 1t is very hkely that the system also expresses the clone 55 protem In
: the face of negauve results lt is 1mposs1ble to determme ;f the clone 35 protem smply

t has no affect on the bxoassa m wh:ch 1

: as tested, or if there was msuffictent protem
o present to cause a detecta le effect. The CO ystem produces extremely small
‘, ‘quantmes of protem, and although these amoun 5 are sufﬁctent to nge a posmve

| "bloassay for H.2 or GM-CSF thts may not be the “ ase for the protetn m questton
I, Future expenments w111 mvolve both usmg roc;
tll.large quantmes of the protem andfepea ";_,g, the btoassays at lugher concenuanons of
‘ ';meczoness protem. o

X
,

‘ Lo , . ) .
- : C e .
’ o R 157
n Ao
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.ottc expressxon systems to produce :

o
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. Alternatively, faiiurc to find a biological acdvi;y in the clone 55 COS cell
‘s;xpcmamms may be’ duc to thc fact that the protcm has not bccn tried in thc-ngm
bxoassay pcrhaps the nght bnoassay 'éocs not yet cm}t. chcral powerful systems
hmbecn dc\/cloped for xsolptmg c¢DNA s on the basis of cxprcssxon, and xeccntly some

: oﬁl!csé hévc becn used to clonc the mtcrlcukm 4 cDNA (Lecetal., 1986 Noma ef
: al 1986) I; is vcry likely that these systems can and will be apphcd to clone ali of the
' 1ymphok1nc cDNAs for wjl'uch a well-defined bioassay exists. The clomng of addmonal
' lymphoklncs wﬂl then dcpcnd .on the development of new mqassays whxch detect novel )
actmtiw Ifa ccll secretes many lympholnncs,s@n: of thc ‘minor lymphokmc activities. w
may remain masked by those d'hxch predmmnatc and the minor acuvmcs will rcmam '
Iundlscovcred unless thcy an be. isolated.: Isolaung and cxpressmg potentially
__mtcrcsnng cDNAs, such as Ehosp which are mduccd durmg mxtogcn actxvanon of
: T—hclpa' cells, would prowdc a v1ablc method of isolating the corresponding protcms
"I'hc task of devclopmg a bioassay to discover wha{ an unknown potcnnal lymphokmc
;. does may therefore becomc rather more comnion m thc futurc ’I'hcsc types of A
mvesngadons may lead to sxgmﬁcant msxghts into lymphocytc bxology and the ccllular
. _mtcracnons which takc plat:c in the immune systcm. In any case, solvlmg the pmblcm ,
of the funcuon of thc clone 55 protein, xf 1n fact n docs rcpn:scnt a lymphokmc. may o

]

l r/eqmrc asxgmﬁcant amount of time-2nd i magxnanon
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'"FURTHER CHARACT ERIZATION OF THE SHORT PMA INDUCIBLE

MMTV TRANSCRIPT FROM EL4
. W 3 ‘ ’

A. INTRODUCTION . S |
The majority of the 136 PMA'—induccd cDNA clones isolated from ELA4 could be

‘groupcd into a single large family, and the corrcspondmg transcnpts were derived from

the retrovirus mouse mammary tumor virus (MMTYV) (Chapter VI) Kwon and '
Weissman (1984) found a similar result, and it would be useful to ‘compare these |
authors ﬁndmgs with the résults of this study and thh the results of more recently
published work. : o -

Kwon and Weissman (19;54) found that.a 24S MMTV-rclntcd ~tr'ans'cript was
induced by PMA in EL4 c‘clls‘va.nd reported an 1800 b‘p cDNA sequence which was

- derived from the env and U3 LTR region of mouse mammary tumor virus (MMTYV). o

The sequence demonstrated a umquc 491 bp deletion i in thc LTR rcgton, and displayed
scvcral large open rcadmg framcs Racevskis (1986) showed that exposurc of EL4

cells to PMA mduccd the synthcsxs of protein products encoded b} the MMTVL’I'R

reglon and that all glycosylatcd proteins were derived from one mmal nonglycosyhtcd

-tmnslatlon product of 21,000-M_. Furthermorc. he rcported that PMA tréatment of EL4

,cells mduced a 1-kilobase MMTV transcnpt, which had not been obscrvcd by Kwon ‘

~ 4nd Weissman. 'I'hc relauonshxp of thxs shorter induced transcript to Kwon and

chssman s cDNA scqucncc, as wcll as the rclanonslnp of both of thcse to- thc mduccd

)

L’I'R protcm was unclear« In thls chaptcr we confirm that the: predommant

- 'PMA—mduced u'anscnpt in EIA is about l-kb, and we report the cDNA sequence of thxs

o 'mRNA Thc scqucnce has a smglc large open readmg frame whxch bcgms at the

most ATG and has the potentml tqcodaﬁ)r a protem of molecular welght 22, 800
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Transcription of the MMTYV provirus has been shown under various conditions to
yield three possible transcripts; a full length mRNA and two spliced species (Van
lOoycn et al 1983; thclcr et al., 1983) (see bottom of Figure 33). The longer spliced
) ,transcnpt codes for tl;c env pmtcms, and the shorter has a single large open reading

frame which extends into the 3'LTR and codes for the so-called LTR pr(/ncm, the
*function of which remains unknown. All three transcripts initiate within the SLTR,
downst;‘c‘im of the same prolnoter-enhanccr elements. The relative abunda‘nce of the
three transcripts is thc;ofore controlled at the level of splicing, and the absolute levels of
| &anscliption are largcly dué:to controlling clements in the 5'LTR. The site of initiatiorl
of tllc 1 kb MMTYV transcript from ELA is unclear, yet this information would be useful
in defining cis¥acting clements which. might be regulating the cngessiOn of this
intcrcsting' PMA—induciblo mRNA. In this chapter we show 'Wth'at the short
" PMA-inducible transcript is novel in that it initiates withm the env fegion of the
provirus. | ‘ | ‘ |

Additional northern analysls conﬁfm; tlxat this Tshorl: retroviral transcript is
spcc1ﬁcally blocked in the presence of thc mmunosuppressxve agent CsA and this

v exptessxon pattern is the samc as that of IL2 Tﬁxs novcl PMA mducxble transcnpnon

/'\/‘\_

‘ . umt in thc env region of MMTV may thcrcfore prov1de a model !'stcm for studymg the
regulaﬁon of lymphokme gene expresmon in hclpcr T—cclls L

L 14
S ‘ ‘ ,,4 >

i .-. ‘ T ' 4

"B, "R_ESU'LTS- | ‘ o
1. Sequence of the Most Abuingant PMA-Induced Transcript in ELA.
_ 'I'he lnrgest famﬂy oﬁ mduced clones contamed 9 mcmbcrs out of thc 136, and
“was tepmented in 15 of the 20 randomly chosen phagc cloncs which were ongmally
subcloned mto pUCl3 cDNA inserts from the ﬁftecn membem of this family wlnch
: were subcloned all gave almost ldgpcal mults when uscd to pmbe northcm blots of o



FIGURE 33. cDNA sequence of the predominant PMA-induced transcript in ELA4.
The prototype sequence (14) is shown at the top of the figure,, This has been aligned
with the published sequence of the env and 3'LTR region for the GR strain of
MMTYV, using the base numbering of Redmlond and Dickson (1983). Differences
between the two sequences are marked by an asterisk. Relevant regions underlined in
the GR sequence include a TATA promoter consensus sequence at 1408, a splice
donor consensus sequgnce at 1531, a splice acceptor consensus sequence at 2684, and

" a 10 base pair region which is homologous to a possible control sequence for mouse
IL2 at 1569 (see discussion). Relevant regiohs underlined in the 14 sequence include -
the Bgl" II site at 2725, the 5-most ATG at 2766 and the Pst 1 site at 2775. Only the
5" end of the 14 sequence has been given in detail, since the sequence dawnstream to
the Pst ['site is nearly identical to, that published by Kwon and Weissman (1984). The
lower part of the figure gives a schematic drawing of the entire MMTYV provirus, and

illustrates where clone 14 (above) and the various published transcripts (below) arise
(Van Ooyen et al., 1983; Wheeler er al., 1983). The provirus is bounded by two
LTR's (open regions); also illustrated are relevant promotor consensus regions .
(TATA), splice donor consensus regions (open squares), and %plice acceptor
consensus regions (open circles). Thie provirus can be divided into-a number of
fragments, labelled a) through g), by the restrictioenzymes indicated. The"Hinc 11
site would be at b.p. 1363 of the GR sequence shown above. The various scripts
are indicated by heavy lines, and splice junctions are connected by lighter inverted V's.

* The presumptive capped 5' ends of the trariscripts are indicated by solid inverted
triangles, and the 3' ends by poly. A tails; the 5' most AUG is also indicated for éach
mRNA. The lighter dotted lines which interrupt the.3' end of both the clone 14
transcript and Kwon's transcript represent a 491 bp deletion from the proviral LTR
sequence which is unique.to EL4. Fragment h) was derived-from the clone 14 cDNA

d also contains this deletion (cross-hatched.area). Note that this map ii notdrawnto - -
scale: ST T s :

+
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RNA from EL4.E1 cells (3 such northem glots are shown in thure 17) When the 15

. clones were cleaved w1th the xestncuon enzyme Hu;f I 3 dtfferent maps wm'e obtained
(data not shown). The three maps differed only in the absence of a Htrtf I stte at one
or another of two locauons and were othervvtse identical. cDNA inserts nepresentatwe ‘-

' of the three different Huy" I patterns were subcloned mto M13mp18 and sequenced
The sequences of all thnee were nearly xdenucal but smgle base changes accounted for:

' the Hllgf( I polymorphxsms observed The prototype of these sequences (clone 14) is.
shown at the top of Figure 33 where it is ahgned w1th the env and 3'LTR region of the o
MMTV provtrus (only the 5' part of the clone 14 sequence is ngeﬁ since the rest of. the' -
sequence was v1rtually identical to that pubhshed by Kwon and Wetssman { 1984])
The sequences for two of the clones began at the same place (mdxCated by 14), and the )

'third began. 14 bp further upsmeam. When ahgncd w1th the provirus, all three cDNA “»
‘, sequences apparently contamed an 1denucal deleuon of 1161 bases near, thetr 5 ends

. (top of thure 33) *All the ¢ sequences also contamed a 491 bp delenon of the 3’LTR

| 'regxon The total ,length of the clone 14 cDNA sequence was 890 bp (excludmg any
 poly Aai).: - o

2, Expresszon Patrern of MMTV Relared Transc)‘tpts in EL4

_ When clone 14 cDNA was used to probe a northern blot from EL4 El a number
. ’of poly A"’ specxes were observed (thure 34) The two larger spec1es nepresent the

| . full length (cucle) and env (square) retrov1ral transcnpts, and these are only shghtly

o mduced followmg'PMA treaunent-(compate lanes o] and p] ) In contrast, a very short l
| .transcnpt (dtanmnd’us completely absent m control cells but mdueed to ve‘xy htgh

levels follomng PMA sumufauon Most stgmﬁcantly, th1s same transcnpt is almost

o absent when EL4 cells are mduced wnh PMA m the preSence of CsA (tane c]) Usmg '
s 'smgle strauded DNAmarkers ihe size of this htghly abundant, short PMA-mduced -
it transcnpt was determmed to be ~920 bases (data ot showa)." A mmor PMA mduced




S

VFIGURE 34. Northemblot analysxs of poly A+ RNA fmm EL4, probed‘thh clone :

» 14."RNA ‘was harvested. from EL4 cells following either 8 or-16 hours of culture” "

Addmons to the cultiires at time=0 were as: follows. o) ‘medium'’ alone: (RHFM); p) o

- *‘RHFM plus PMA ' (20ng/ml.); c): RHEM, PMA " (20ng/ml), and CsA: (100nglml S

‘ ) lys: dexamethasone( (1M, );::b): RHFM dexamethasone (1uM.), and

g;/ml' =;The vanous bands on the: northcm -are-labelled as follows: 1)~

2) the Full Length (circle).and énv.

indyced transcript (open anowhead), ;

Pr int PNV ‘ ipt(diamond). "The final three- lanes,

(marked L) contain poly A+ R.NA from. Ll210 cclls harvested at’16 hour and treatec

-.as'outljned above. ‘Separate experiments; showed that PMA fiad.rio cﬁ'ect onany ¢
relatéd tr iade by L1210 cells;




- transcnpt is also seen at about 228 (open armwhead). and it ts also blocked by CsA
; v.:Dexamethasone alone had no effect on the leveis of any of the poly A*‘ RNAs (lane d])
3. Determining the Initiation Site of the Short MMIV Transcript Using Cap Labelled
‘RNA. . IR - L
. Toi mvesngate where in the MMTV provual sequence the short PMA 1nduc1ble
'transcnpt uunates the techmque of cap labelhng was used. The 5' cap structure is

jchexmcally removed from poly A"‘ RNA and specxﬁcally replaced with
{alpha”P]-G'L'P This matenal w111 hybndxze to all DNA fragments of the provmts‘
| whxch have sequence in common w1th the viral mRNAs but if the blot is secondanly !
" treated with RNase A, all smgle stranded RNA will be hydrolyzed Only the DNA
' \fxagments of the prov1rus ‘whlch bracket the transcnpnon start sites wxll bmd the RNA ¥ :.
. sufﬁcxently close to the CAP structure to prevent hydroly31s of the label and thus they' '
o w111 remam as labelled bands The predommant band observed (Flgure '35 panel 3). B
: | \ corresponds to fragment f), wlnch is denved from the env gene of the MMTV provu'us ‘
« (Flguxe 33),. and this conﬁrms that many retrovual transcripts mmate thhm this regton x

re 35, also demonsuates that the uanscnpts mmaung ﬁ‘tmn\fragment ) axe present - |

k evels m EL4’E1 cells treated thh PMA (panel 3), but not in contrcl cultures a
L (panel 2, band f] absent), and 1n the presenee of PMA and CsA these tranSCnpts aref EE
”\‘:_'}”‘reduced below detectable levels (panel l band f] absent) The longerv MMTV

- ‘transcn ‘ts wh1ch mmatewnhm fragment b) are also below detectable levels in these S

_;;exposures ‘ v“‘,. 3 ,

: ‘, f~34 Genomxc Stmcture of the MMTV Provzruses Presem m< EL4 EI

1986). and the hypothesls that the short PMA mdumble transcnptsv.f

- §;19s4a Racev ]

. 'anse from ‘a large’number of these provu'uses led us to mvesugate spectﬁcally the



FIGURE 35. 'Cap labeled RNA démonstrates™that the short MMTYV ‘transcripts
initiate *within the env region of the retrovirus. . Identical nylon filters containinga
- series of restriction fragments which span the entire MMTYV genome were hybridized

. to cap-labeled poly A™ RNA obtained from ELA4 cells cultured for 16 hours under the .
- following congditions: 1) PMA (20 ng/ml.) and CsA (100 ng./ml.) in RHEM; 2)
- RHFM alone; and 3) PMA (20ng/ml.) in RHFM, Blot 4) was hybridized to a mixture
of all of the restriction fragments and was used to locate the various bands, Jabeled a)
* through h),” which correspond to the segments of the MMTYV provirus shown
- schematically in figure 33. The sizes 6f the various fragments are as follows: a) 1075
bp., b) 375 bp., c) =4000 bp., d) 935 bp., e) 435 bp,, f) 365 bp., g) 1045 bp., h)
670.bp.  DNA representative of the cﬁnre MMTYV genome was contained in three
plasmids, which were cut with a variety of restriction enzymes to yield the bands seen -
. ~on blot 4). ' 'The plasmids and enzymes used are as follows: lanie I, ATCC No. 45005
-+ (Pst 'I gag-pol insert in pBR322) cut with P57 I and Eco R1; lane II, ATCC Np.
- 45004 CPst. I LTR insert in pBR322) cut with-Pst I and Sst I; lane III, pJEl cyt. -
- with.Pst T, Bam H1, Eco R1, and HincTl. pJE1 was constructed by ligating the Pz
- 1-Bgl 1t fragment from ATCC No.:45006 ( Pst I env. insert) to the Bgl II-Eco R1 -
. fragment from clone 14, and placing these in Pst I -Eco R1 cut pPGEM-2(Promega). .
- This yields a composite-of the fragments e), f), g),.and h) seen jn figure 33. The =
~various DNA fragments of the MMTV'genome were scparated on a 1.5% agarose gel .
* prior to blotting onto a nylon membrane, and the four identical filters were cut froma
singlé blof (12 fracks, epeated n groups of thre). Although band b)is faintes than -

blot 4), both bands were of equal intensity in the stained agarose gel prior to-" -

' transfer,.and the difference in intensities reflects differences in the relative amountsof - - -

-, probe specific for each fragment. Darker bands above band c); below d),‘abovea) and -
. "aboves) represent plasmid vector DNA. This experiment has been repeated three

* times-withidenticalresults. < .
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| | mtemal stmctuxe of the maJonty of the (amphﬁed) copncs of MMTV usmg Pst I cut. o
o | southern blots of BL4 Bl DNA (Flgurc 36) In the majonty of the provxral coplcs the
'vPst Iﬁngmentspanmngc)-rd) (Fxguxe 33)1smtact (cxpectedsxze-SOOObp) aswthe' ’ o
“vPst I fragment spannmg c)+f)+g) (cxpected sxze 1845 bp) On dxgesung wuh Pst I, ‘I 'l | - |
3 the. ;usual MMTV 5' LTR should yleld a fragment of 1450 bp (or poss1bly twe g |
'fmgmcnm of 919 and 536 bp.ifan internal Pst I'site is present [Kennedy et al., 1982;

- Peterson etal 1985] ). 7\ smgle dark band at960 bp (Figure 36 lane a]) suggests that .
- a -490 bp deleuon is prcscnt m the §:LIRs of the maJonty of the provual coples ‘The ,‘ .

g 3'LTR contams only one Pst 1 sm:, and the nummus ‘hghter bands in, lanes a) and. 14) ‘
s ,,represent DNA ﬁ'agments whxch eontmn the 3'LTR plus adjacent cellular sequences -

, The swc of thesc fragmems dcpends on the locauon of the nearest Psr I site in the B
- ﬂankmg DNA, and me fi'agments il be umque for each dlﬁ‘crent integration site. The.

‘ numberpf hghter bands nges an wtunate of thc numbcr~of MMTV prov1ruscs wlhch o -

| are prescnt in BIA El about 20 in tlus casc The idea that the majonty of transcnbed a
(but basxcally mtact) provxmscs m EL4 El have a deleuon of ~490 bp m thelr B_LJRS | C
 is reflected in shortet env and full length MMTY transcnpts The two transcnpts from" e
EL4 are both about 500 bases shomcr than those from L1210 cclls which do not have B
th:s deleuon (Fxgure 34) B s

. 'ﬂ

‘|“\ )




e oyt .o
L ': )
R ‘ 169
) :
e v T
” v \ .
. ‘N
~ 1 E
w
\
]
’.
"
i hl
P
L .
i
[}
o
\
,
-
. \
v 4
B
i vy
~ s
)
iy
ey o i
LN v
S Ve
i
.~ N
. K
"

'. FIGURE 36 Sputhem blot analysx ‘of EL4 genomlc DNA cut wnh Psr I and
probed with' various:segments of: the: MMTV-" provirus.: ‘The probes: d)‘ g),-and’ ).
L ond to those segments of: MMTV illustrated in figure 33; pmbe 14is the entire:
: ne 14 The locano o'f marker DNA: (Hmd IH cut lambda) is\
th.‘fragngent sizes given in kb. ‘The measured‘ the )

s bl ‘as fo1lows
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1denucal 491 Sp delenon in the 3’L'I'R reglon which appears to be a true deleuon is - |
: umque to EL4 and has been descnbed prcvxously by Kwon and Wexssman (1984) All
| ‘three cDNA sequences also have an 1denucal 1161 b.p. deleuon near their. 5' ends

whtch has not been descnbed prevrously This 'delenon hkely represents apgphcmg \
.'.,event in the ongmal retroviral transcnpt, since the prov1ral sequence cohtams L
appmpnately placed splxce donor and acceptor consensus reglons (underlmed in the GR
| “ sequence at the top of thure 33) As well, m the majonty of prqvlral sequcnces
- “ presentfm EL4 El the 1845 b, p. Pst 1 fragment spanmng the env regronﬁs mtact as
determxned by southern blotung, and there 1s no mdlcauon of a 684 b P- Pst 1
B fragment, -which we would expect if the deleuon Jere present m one of the genomlc
| copxes'of the provuu\ltself (Figure 36 lanes g] and 14] ) Fmally, all three of the .

g cDNA sequences begm at nearly the same place, w1tlun the env reglon of the prov1rus
‘_ 'and none of them contmns non-vual sequences at the 5 end, whtch would be hkely 1f a

: "; cellular promoter and contml reglon were fused upstream of the env reglon of an

’,

The fact um the.three cDNA sequences descnbed above all begm at nearly the
same place” l‘ 'the' provu'al sequence may have been purely fortmtous. . cDNA clones |




: mduces a transcnpt denved from the env and 3'LTR regton of MMTV 'lhe sm'

S

' consensus sequence occurs mfrequet\yover ~7 Kb of sequence. combtned wrth the

- S . o . e
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“were markedly reduced in RNA from cells treated wrth PMA and CsA Wheri\'

1

onmdered togethcr wrth the results of northem analysrs (ngure 34) these obsewanons
present aﬁherent ptcture of, oncora few short MM'IY transcnpts whrch are tnduced in .

- 'EL4El cats in the presence of PMA and blocked in the presence: of PMA and CsA
‘ Unhke any prevrously descnbed retrovtral mRNAs (whtch all imuate wrthm thé

5 LTR) theSe inducible transcnpts tmtrane wrthtn the env_gene of the provrrus
'I'he observanon that the short. PMA mducrble MMTV transcnpts are actually
. rmtrattng wrthm the env gene of the provrrus led us to search for posstble promoters m )
the provrral sequence 1tself The promoter consensus seqeence TATAAAA is found
four trmes m all of the’ avarlable MMTV sequences (Btonet data base and recent Y

hterature) once in éach L'I'R (25 b p- upstream of the knovm transcrtpuon start srte)

E once wtthm the codrng regron of the pol gene (Deen and Sweet, 1986) and once tn the

r~env regron 24 bp upstre‘am of the start of sequence 14 (underhned in the GR -~
sequence at the top of Frgure 33) Although the entrre MMTV sequence ls not avarlable =
- Tthe 3' reglon of the gag ‘gene has not been- sequenced) the fact.that Ihts promoter ’,‘ ;3:"

, fact that tt occurs _|ust upstream of the\clone 14 sequence (at the correct drstance)

ence shown m thure 33

.4)

near-consensus promoter

! x underlmed rn the GR

-‘1._‘,‘_&:""'
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"* Kwon and Weissman were clomng and subclomng into a Bam HI site, it is possible

i

" ' Lo B o

v

- |
their transcript (about 24S) is considerably greater than the =920 base transcript

reported here, and their sequence extends c\‘brtitinuously through the env gene from the

. Bam HI site, and shows no apparent splice in the 5' region (bottom of Figure 33),

‘ zilthough both uﬁnscripts have the identical 491 deletion in the 3'LTR region. Sincc

that thcir sequence may not extend to the 5' end pf their 24S transcript, Thc dxffcrcncc

\ m sim between the two inducible transcripts mlght be accounted for jf the 248 mmscnpt

\' rcprcscnts the unsphcod version of the shorter PMA-inducible transcan In this way

(whnch for some” reason predominates in Kwon and Weissman's suthlonc of EL4)

both tmnscnpts xmght be regulated by the same PMA inducible promoter within the env

.gcnc of the provirus. - Our northern blots show a small amount of a longer -
-v
PMA-induced transcnpt which probably corrcsponds to the unsphced form (Figure 34,

\

open arrowhead).. Altcmanvcly. Kwon and Weissman's scqucncc may sxmply
represent the 3' portion of an env transcnpt which initiates fmm the SLTR pmmorcr
and is slightly induced in our cells. |

Our rcsults-ﬁupport those of Racevskis (1986) who probed northern blots with
the MMTYV LTR sequence and showed that the predominam PMA -inducible transcript

in ELA cells is =1 kb in length. In the same report Racevskis demonstrated: that

cxposure of EL4 cells to PMA induced the synthesis of protein products encoded by the

MMTV LTR region, and that all glycosylated proteins .wcrcl derived from one initial
nonglycosylated translation product of 21,000 M. The clone 14 cDNA sequence,

which we believe is representative of the short PMA-induced transcripts, has a single
large open reading fg:ame which begins at the S‘-mos;t ATG (underlined in Figure 33)
and has the potential to codc for a prozein of molecular v;'cight 22,800. Itis very likely,
therefore, that the short PMA-induced transcripts give rise to the PMA-induced protein
reported by Raccvskxs This is cxactly the same protcm which would be potentially

-
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coded for by the LTR gene' transcript (providing the 491 bpldclctiox\l had occurred in
the 3'LTR), since both this transcript and the clope 14 transcript use the same splice
ac‘ccptor site (bottom of Figure 33), However, the cai)-lx;hclling data dcmonstratc that
.the majority of PMA-induced tran/;tnpts do not initiate in ghe 5LTR, as would bc
cxpcctcd for the 'LTR gene' transcdgts ' | |

What is the (genomit) structure df the MMTYV provirus in ELA from which thé
short PMA-inducible transcripts arise? lcarly the provirus has a 491 bp deieu‘on in the
U3 rcéion of the 3' LTK We have sug(l@i \ihiat_t/h scripts initiate frorn a viral
~ promoter, and are spliced, and this would 1mply that the rcsponsxblc prtmrus is intact in
the env region (fagments f] and g] in Figure 33). A number of authors (Dudlcland
Risser, 1984; Kwon and Weissman, 1984; Racevskis, 1986) have shown that~t_hc
w provirus is amplified in EL4 (about 20 copies, sce also Figure 36), and since
many of the provxral copies have the 3'LTR deletion (Racevskis, 1986) it would in
theory be difficult to determine just which proviral czpy g1vcs rise to thc short
PMA-inducible transcnpt&

An alternate hypothesis is that the short PMA-inducible trhnscripts arise from a
" large number of the MM'I'V proviruses which are present in EL4. Although by no
means provcn this hypothesis is supported by two observations; Relative to JL2 a
very large number of PMA-inducible MMTV transcripts are made. Since the IL2 and
. MMTYV transcripts am about ic same size, we can make an éstimatc 6f the relative
abundance of these two mRNAs by comparing their relative frequencies in the original
136 induced clones (sce Chapter VI). The MMTYV transcript is about 25X as abundant
as the IL2 transcript, since 99 of the 136 were in the ‘clone 14" famxly whereas 4 of the

136 clones were [L2. Furthermore, significant polymorphlsm was seen in the three

MMTYV cDNA clones which were sequenwd, these were primarily single base changes),
but were more frequent (= 1 change per 60 bascs) than would be expected simply from
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copying crmrsmcﬁh;gd by reverse transcriptase'durix‘\g the first step of the cDNA cloning
(estimated to be: 1: error per 600 bp [Battula and Lo[éb 1974]). A simple explanation for
the large number of MMTV trnnscnpts produced and the appan:nt polymorphism
between the tnmscnpts is that these transcripts an{s being copied from a large number of
proviral gefiep which are nearly identical, but have diverged since (or possibly during)
their original ampliﬂcatioﬁ, Given this.hypothesis it is reasonable to determine the
ovcr‘all genomic ftmctum‘ of the majority of the MMTV proviruse present in EL4.E1.

| Thc\ intcmal.lstrlucmre of the majority of the ampliﬁcd copies of MMTV was
determined using Psr [ cut southern blots of E}‘t DNA. These data, together with |
Msp 1 cut southern blots probed with the LTR (Racevskis, 1986), dcmonstmm that the
majority of MMTV prov1mscs present in EL4 Iappcar 'to be intact in thc gag, pol and
eny rcglons but contain -490 bp dclctions 1‘n both LTRs, Any (or pcrhaps all) of “
these prov1ruscs could in theory glve rise to t}xc short PMA- mducxblc transcnpts At
least some of these appear to be tmnscnpnonally active, giving rise to the env and full
length MMTV Mpm present in ELA (which are shorter than c’xboctcd because of
the deletion in the 3' LTR; Figure 34 and Restlts). - |

Our findings are very similar to tilosc of Michalides er al. (19855, who found

MMTY to be amplified in a number-of T-ccll lcukcmlas from GR mice. All copies of
the amplx}icd provirus appeared to havc a SImxlar sized deletion which was present in '
both LTRs. The size and location of the 3’L’I’R—dclcuon was unique for each pamcular
leukemia, although the same gcncral area of the LTR was aﬁ'ectcd in each case. In
- Figure 37 the size and location of the \élanous 3'LTR deletions described by these
authors is compared to that foynd in EL4. ththd or not thF 3'LTR deletion ficilitates
transcription of the short PMA-inducible MMTYV transcript in ELA cells is unknown.
 Michalides er al. (1985) apparently did not look for PMA or mitogefinduced MMTYV
transcripts in their T-cell lines. Weilihger et al. (1986) have also found alterations in a

\
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FIGURE 37. Deletions found in the MMTYV LTR for various murine T-cell leukemias,
At the top of the figure is shown the LTR region of MMTYV corresponding to fragment

a) in Figure 33, and the length of the fragment in bp is given above it. Below are shown
the location and size of various LTR deletions which havébeen described, where the
numbers give the distance from the Pst I site to the deleted segment (left), and the distance
from the Sst I site to the ‘gclctcd segment (right). The GRSL cell lines were described by
Michalides et al. (1985).' The Sst I site is 110 bp 5’ to the cap site of the full length, env,
and LTR transcripts made by MMTYV. : '
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sumlar region of the LTR in exogenous MM'I'V pmvu'al copies present m a munne
kidney adenocarcmoma cell lme . Dekaban and Ball (1984) reported that an -
MMTV-related retrovirus can cause pnmary murine thymtc lymphomas, but they have |
not examined the structure of the LTRs in this virus, It i is poss1ble that alteran(ips in
one or both LTRs may influence the tumorogemc properties of MMTV. , iy
Wheeler etal. (1983) rcported several short (1-1.2 kb) MMTV transcnpts Wthh
were present in some virus-induced mouse mammary ‘tumors aﬁd in some
pre- ncoplastlc mammary tissue, These tmnscnpts cross-reacted S(I'O!;gly wnth pgobes
from the env region, or w© probes from the LTR, but did not cmss -react-with a 220 bp
probe from the ‘viral leader sequence (that segment.of the prov1rus approxxm!ately
between the 3' end of the left LTR and the ﬂrst sphce donor sne; see thure 33) 1The
L | authors suggest that these short transcripts probably do not. ongmate from the 5'LTR
promoter, and it is possible they initiate in the env’ reglon of the provirus, downstream
of the internal promoter described above. ' : L S
| The longer MMTV transcripts are not mduced by dexamethasone in EIA El cells
‘ (thure 34), presumably because the deletion in the STTR (whtch if identical to the .
3'LTR deletion, removes d segment 5‘ to base 163) also removes most of the

glucocomcmd responsive reglon This stermd mducxble enhancer regton normally acts

. onthe promoter in the S'LTR (Dtggelmann etal, 1985)

»

-

. In this work we have described a MMTV transcnpt whose expressmn exactly
h parallels that of mouse 11.2 in EL4 cells. The transcnpt is mduced by PMA, and thts »
induction is blocked by the i 1mmunosuppress1ve agent CsA. A numt;:r of authors have -
1denuﬁed DNA seqhences present m the 5’ region of t.he IL2 gene whtch may ‘be
1mportant in controllmg the transcnptton of tlns JmphoHneLgene ‘Do’ sxmtlar
sequences exlst in the eny regxon of MM'I'V whxch may be regulaung transcnpnon of

~ the short MMTV transcnpt? Stanley etal. (1985) descnbed a ten base sequence which
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was highly conserved in a number of hemopoietic growth factor genes, ingluding

R j» - v
' murine GM CSF and murine IL2. The relevant - sequcnce in mo se IL2 is
5'-GGGA'ITI'CAC—3' and it occurs ~175 bp 5' to the TATA promoter consensus '
sequence. A computer sedrch of all available MMTV sequences shows that a(:@erfect
match with the 10 base mouse IL.2 set;uence does not occur and that .a zequcncéé’“wim
one mis-match occurs only once. This Sequcnce 5‘-GGGATI'I‘C_[C-3'\(the' utis-match | '
s underhned) occurs ~160 bases 3' to the putanve TATA promojgr, in the fust mtron |
. of the short PMA 1nduc1ble transcnpt (top of Fxgure 33) In a number of genes |
is-acting conuol sequences have similarily been found wnhxn introns (Weinberger et
al., 1986). | ‘ . . SR -8
' Fujita er al. (1986) described an 18 base consen's‘us~ sequence which is pnesem D
twice in the:5' ﬂanking regien of the rnouse 1.2 gene, as well as in the human IL2 gene
and in a number of other related genes Wthh are expressed in activated T-cells. ”l%e 18
base consensus sequence, along w1th the corresponding prommal sequence found i in the .
‘ mouse IL2 gene. are shown in Figure 38 (the numbers indicate the distance from the |
tmnscnpuon start site). A sequence highly homologous to the mouse 112 proximal
. sequence is found ug,‘the env regxon of the MMTV prov1rus, and this is shown below ¢’
the mouse Sequence The MMTV sequence is mverted wnh respect to the IL2 sequence N
(note that the numbers mdxcaung the posmon of the. two sequences have the opposxte
progressxon), but tlus is not unreasonable, since the control sequences in the §' ﬂankmg
region. of the mouse 1L.2 gene apparently funcnon in exther onentauon (Fu_]lta etal.
[1986]) R . IR
Further expenments will be requued to determme whether or .not the tzvo_ |
sequenm descnbed lme actually do play arolei m regulating the expresslon of the shon

, ‘PMA-mducxble MMTV u'ansmpt in EL4 cells. In any case given the slmﬂarmes m k
expxessxon patterns, itis hkely that sumlar factors act to regulate the expreSslon of both - ‘
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CONSENSUS - AGAARGGAGGARRRACTG
Murine [L2 (proximal) ~ -145 AGRA-G-AGGARARACAR -130
MMTYV (env) 155 AGGA-GRARGGARARGCAR 211

M\

F IEURE 38. Homologous nucleotide sequence found in the 5' flanking region of
mouse IL2 and the env region of MMTYV. The numbers indicate the position of the
sequences relative to the transcription start site(+1) for.these two PMA inducible
mRNA's from EL4. The consensus sequence was derived from comparison of a large

. number of similar sequences found in the 5' flanking region of lymphokine -genes -

~ (Fujita et al., 1986),"and gaps (-) jhave been-introduced to maximize homology

between the three sequences. Nucleotides ‘which differ from those found in the
cénsensus sequence have been undeflined. There are two such sequences in the' §'
flanking region of the mouse IL.2 gene; only the proximal one is shown here, since it is
most homologous to the sequence found in the MMTYV env region. T
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the IL2 gene and the shoft MMTV transcript. For this reason we believe that the .

PMA-inducible transcription unit in the env region of m will serve as a'useful
model system for stud ing mc‘mg“hﬁ"“ o fymﬁhékinc éenc C‘XPI“’SSion‘in T-helper ‘ :

cells.
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CHAPTER IX e
GENERAL DISCUSSION AND CONCLUSIONS '

’
~ The objecnve of thts study was to 1solate and charactcnze avnumber of the ‘
mRNAs Wthh are induced in the mouse T-lympohoma cell line F.L4 when i it is trcated .“
thh PMA The results presented show that estabhshed’ methods of subtractive
hybrtdtzauon can be used to 1solate cDNA clonés whtch represent such i’MA induced-
“mRNAs. This method appears to be very rehable, since of the 136 mdependent clones
. chosen, only 2 were false positives (i.e. they contamed sequences whlch were not
mduced by PMANe method of subtractlve hybndtzauon was used because i it isthe
5 method of choxce for xsolaung dxfferenual genes represennng mRNAs from the low
abundance class of txanscnpts (Chapter I). Of the PMA-mduced ¢DNAs tsolated in thls :
study, it is unlikely that any of them represent low\abundance transcnpts ()udgmg by |
| the strength of the 31gnal detected on northem blots), \although thts fias not been proven “
- rigorously. Tti is posstble that if 1 more clones had been examtned, some which- contained .

; [
_ sequences repre7sentmg low abundance (PMA—tnduced) transcnpts would have been ‘

The techntque of subtracnve hybndmmon (pamcularly when used to generate
‘subtracted cDNA hbnanes) reqmres relauvely large' quantmes of poly A+ RNA and~ -
tumor cel{ lmes or weil estabhshed hybndomas are the only clonal cell populauons (at |
: least in lngher eucaryotes) whtch can easlly fulﬁll these requtrements Thxs places a
lmntauon on the btologlcal systems to which subtracnve hybndlzauon can be apphed if

‘a strtctly deﬁned set of dxfferenual genes is to be cloned. ’I‘lns: re;

. sents a senous R
| f-'drawback of the method as was demonstrated m thxs report. The PMA mduced N "

o dtfferennanon of EL4 was used asa model for the dtfferenttanon events whxch occur !

‘\.
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‘} | Iwhen normal T-helper lymphocyes encounter'an'tigen becbnle activated, and begin to

| secrete lympholnnes However, fully 75% of the. PMA mduced transcrxpts in EL4 are

| denve$l’mn. the retrovu'us MMTV and thls is most probably due to the transfonned ‘

' state of the cell line, and does not reﬂect what happens in a normal T—helper cell. Thus
the very property of EL4 4wh1ch allows one to obtain wtth case large quanuues of
mRNA aiso xnuoduwd a huge artifact into the blologlcal dlfferenual under exammauon
Sumlar results mlght be expected whenever tumor cel~l lines are used as models for
brologtcal dtﬁ”erennals. | | |

| Desptte the fact that the majonty of PMA mduced transcnpm in EL4 are derived )
: fmm MMTV the cell does make a number of transcnpts which are also mduced in -

normal T-helper cells (such a's IL2 and GM—CSF Chapter I]D ‘The presence of the
‘ MMTV transcnpts is undestrable largely because they make it very dlfﬁcult to ﬁnd
clones represenung these more normal PM?A mduced transcnpts As was shown in |
thls study if a large enough sample of clones is surveyed, it is pos51ble to isolate clones e
contammg more normal‘ cellula/r sequences such as IL2 and clone 55 (whtch was |
shawn to -be induced by. mttogens in another. helper T-cell lme) A method’ of
climinating the MMTV sequences from the subtracted hbrary and/or probe would “

4 stmphfy consulerably the task of tsolaung additional PMA- mduced clones contanung

‘ normal cellular sequences Thts tdears genexally apphcable to any snuauon where a

- dtﬁ'erenual set of genes is bemg cloned by usmg subtracuve hybndtzau%n. The hlghest :
abundance dxfferenual genes are most eastly cloned, but unless they can then be
ehmmawd from the selecnon pmcess the xsolauon of lower abundance dlfferennal genes ‘l ,
beoomeepmgmsrvelymored:ﬁ‘icult | S . “ .

AlﬂtwghthePMA-mducedWrVuanscnptmEMmakesthe 1solauonofother o
sequenees more dxfﬁcult, the fact that thts retrovu-al transcnpt is mduced is in 1tse1f ,_,' :
mterestmg Inductble v1ral genes have lustoncally provxded useful model systems for
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studying the proccsscs which control transcnpnon of mom normal cucaryotxc gcncs
.The rcsults in Chaptcr X1 demonstratc that the’PMA- mduccd MMTV transcnpt is
‘ blockcd in the prcscncc of CsA, and. th:s suggests that thxs retrowral transchpt mayj‘
.‘prov1de a vcry good modcl system for snéymg the control of lymphokmc gcnc ‘
| cxprcsswn (smcc thc cxprcssxon of known lymphokme genes such as IL2 and
GM CSF is also blocked in the prcs nce of CsA Chapter III) ‘The cis-dtting
sequences which control the exgres ion of the PMA mducxblc MM‘I'V transcnpt are
| 'hkefy m ‘the env rcglon of the tmvxrus 1tsclf smcc Ihls is whcrc the transcnpt

N

1‘mt1atcs )
' "_~I In terms of cxprcss: patterrs thc charactenstlcs of the PMA induced
sequcnccs dcscnbed in th1§ Z:udy Are surpnsmgly dxversc :Ihe lcnown lymphokme
. mRNAs (IL2 and CSF-G}V!) arg blockcd by CsA and”'supcnnduced' by cyclohcxnmdc
The MMTV transcnpt is blocked by CsA and unaﬁ"ecwd by cy;:lohcximldc whcrcas the |
"clone -55' transcri J (whxch may  code for a lymphokmc) is unaffcctcd by
a cyclohcxtmldc, byt supcnnduccd by CsA (at lcast in EL4 c‘ The transcnpts for
carbonic anhyd;asc I and chondroitin-sulfate corc’ protcm are clcarly mduced by PMA,
but arc unaﬂ'a/:tcd by any o%hcsc othcr agents Thc mcanmg of these obscrvauons
with respc to the mechamsms wlnch contml thc exprcssmn of the various transcnpts~ |
is unknon.at present. | S | | |
/s was dlscusscd in Chaptcr I, thc dlffcrcnnal approach to clomng geﬁcs may
c succded in 1solat1ng dxffcrcnually exprcssed scquenccs, but detcrrmmng thc“
Z:)gwal mgmﬁcance of thc dlffemnual may be dlfficult. The bwlogtcal sxgmﬁcance of ; -
the fact that PMA mduces the expressmn of IL2 and GM—_CSE in. EI.A cells is .
/ undcrstandablc consxdcnng the fact that the ccll hne mlmxcs a normal T-helpcrr ' j
| " lymphocyw The blologlcal mgmﬁcancc of the fact that PMA mduced the exprcss:on of .

carbomc anhydrase is mom obscure although 1t may be that dunng PMA acuvanon the
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,‘»mtracellular pH shtfts and mducuon of th1s enzyme may be a srmple homeostatic -

response The btologrcal srgmﬁcance of the observauon that chondrorun sulfate is
i‘hduced by PMA is equally obscure although it may bear sornf relauonshrp to the
‘shape and adherence pmperues ofthe acuvated cells, as discussed in Chapter VI. Since

_ the funcuon of the clone 55 u'anscnpt is unknown the blologlcal stgmﬁcance of its

mducuon cannot be consrdered Finally, I suggest that there is no brologrcal :

. srgmﬂcance to the fact that the shon MMTV transcnpt is mduwd by PMA m EL4cells
- it may be a srmple comcrdence due to the structtu'e of the (amphﬁed) provual genomes

their location, and the transcnpuon factors ‘which are present in PMA treated ELA cells. "

‘(Alternauvely, the short PMA mduced MMTV transcnpt may have an 1mportant j

funcuon m the blology of the. v1rus itself.) One can ‘also ask if any «of thcse

‘PMA mduced transcnpts are mduced in normal T—helper cells In other wonds are they

, btologlcally srgniﬁcant in terms of T—helper cell funcuon rather than srmple |

| 1dxosyncrastes of ELA? In the case of IL2. GM~CSF and the clone 55' t‘ranscnpt, ‘the

' .transmpts are mduced in more normal nntogen treated T-helper cells, and at least the )

first two are known to be btologlcally srgmﬁcant. Whether or not the clone 55' '

| transcnpt is mportant to the bmlogy of T-helper cells remains to be determmed.
When clonmg d1fferenual genes, the use,of a tumor cell line as a model for a

" hrologtcal dlﬁerenual has the advantage that large quanuues of RNA can be obtamed, 0

: that the constmcuon of subuacwd hbranes and preparauon of subuacted probe is easnly‘ o

. accomphshed. Howevef such an approach also has a number of dlsadvantages such{ B

‘-as arufaets due to the transformed state and model bras Whlch means that the .

"”‘,@

:.,“observauonsm the tumormodel must always becompared tothe more normal cells to .

elilmnate ldtosyncrasres present m the model. The 1deal srtuauon would be one where a‘ ; ) ‘. -

specrfic btologteal dtﬂ’erenual could be studxed dlrectly by exarmmng small numbers of ;

,‘.",

nmmal cells Smce quantmes of RNA wxll be hmmng in tlus case, new methods wrll O
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be requmcd to clonc the d1ffcmnnal gcncs of mtcrcst. For cxamplc, it may be possxblc '
0 clonc cDNA libraries fmm both populauons of mRNA, and then gcncrau: subtractcd
probes or hbrancs from these initial hbranes If such a subtracnve process werc.

1terat1vc a gcncral method would then cmst to rcmovc high. abundancc d1ffcrennal“ o

scqucnccs ﬂ'om the dxffcrcnual set, and in thcorx_thc total set of dlffcrcnnal gcncs could '
be cloned. R BT '



YAPOSTSCRIPT °
Y - ‘
Since this thesis was completed and subtmttod to the examination comittee, two
w iml;ormm‘ dcvclopmcms have ogcurred. The first of these was the discovery by D:
Green that the COS cell supernatants containing the clone 55 prx?min have an cffect on
the development of IgM secreting B cells in vitro, The sccon;j was the publication by
§ ‘K‘i‘nashi‘ er al. (Nature 324, 70-73;. November 6, 1986) of the cDNA sequence
encoding murine T-cell replacing fastor (TRF; idcntical.to BCGF H)I. In fact the
put;lishcd sequence for TREF is idcn‘l.ical to the clone 55 cDNA sequence over 1478
bascs with only six base differences. *The sequence of the TRF protein (deduced
from the ch‘IA sequencc) is idcnﬁcal to th|c clone 535 protein described in chap’tcr V1,
cxcc/p: for a substitution of histidine to argininc at amino acid 79. The significance of
| ti':is substitution is currently ‘under invcstiéan’on. Itis virtually certain then that the
.clone 55 cDNA codes for the lymphokinc"IIRF (which will, prob;bly be named

iﬁt'crlcukin 5) Kmashx et ab havc shoWn that thxs lymphobnc induces both
proliferation and IgM secretion in the B-cell line BCLl, and that it induces sccondary

ann—dxmnuplvol (DNP) IgG symhcsxs in vitro by DNP pﬂmcd B cclls
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