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Haturatxon of the red blood cells

All types of blood cells are derlve
Called the.haematopoieticwstem cell._ Under the 1nf1uence of vailous o

.

'fromna common progenltor

¢

growth factors (1nclud1ng the hormone erythr0901et1n) and the-*'

m1croenv1ronment, the erythr01d precursory of fed blood cells (RBC)

;"{ undergo characterlstlc morphologrcal changes and start to synthesxze~j

K 4: .~, -v . .:‘. R VLo
’.RBC protelns. These xnclude structural protelns thch constxtute the
v - RN »*','5"

c toskele - of these cells and varlous other pr exns respon31b1e for
y W ages

'_the funé&1on1ng of the Ri: r rev1ew see Harrxsosf;_
A»Selectiye fraction of thefStem}cells in.théz‘ “marrow’
"become_‘committed? and are cngerted'to.erythrocytes.f Differentiationb-"

from stem cells to mature erythrocytes takes about 6 days, ‘the

retlcul‘cyte staqe occuples half thlB perlod. The absence of a nucleusil

- 1n the RBC of mammals and nuclear 1nact1v1ty in those of lower

"vertebrates marks this:stage'whileﬁactive-respiration a?d protein"'

(only vestlgal remnants of the network remaln)./ Lysosomes almost

-,

‘-completely dlsappear._ The translt1on to. the erythrocyte stage 18 J
7character12ed by drastlc changes‘gn the retlculocytes. Inltxally the

. m1tochondr1a dlsxntegrate, thls eVbnt 18 followed by the loss of

B
resp1ratory act1v1ty as well as, r1bosomes an&”most of the receptors and

‘transport»protexns of the cell membrane (Rapoport et als, 1979) At

the same t1mf, the synthesls of globxn 1ncreases whxle most other
v ! . . - . X
- protelns dxsappear. '

'A}-

Al

’ In retxculocytes, inhibltion of‘respiration‘}by actlon on the

IR e VN . . R S R o
TMRE . B ; . - . e



:Ivlron-sulphur reg1ons of the respxratory chaxn) was attrxbuted 1n1t1ally;:;*f7f

5
«”

B ﬁ'to a protexn known as Factor F. Thxs actxvxty was detected 1n'

t['stromabfree h-unoly:ates of retlculocytes from tabblts and- 1n*much
smallev amounts in cnd cells from<anaem1c chlckens. None of thxs‘_[‘;

vxnh1b1txon was oh‘ﬁrved xn red cells fzom non-anaemlc blood.: A s1m11ar“
"~1nh1b1t0t, character1zed by 1ts actlon on the 1onxzed fo:m of

"--

) nfcytochrome ox1dase, was assoc1ated thh a Factor C (Rapoport et al., o

.t1974).- Pxnally,‘a thxzd factot responsxble fo; the mltochondrxal

-“membrane lysls was 1den 1f1ed (Schewe et al., 1975) 'Howevet,f

”’RapopOtt et al. (1979)'dem;nstrated that all three act1v1t1es wene ' fx‘

7jfound in a 31ngle pr te1n called lxpoxygenase.' Thxs enzyme is one_of'-'}
the most abundant non—haemoglobln ptotexns synthe31zed xn
1:et1culocytes. It constltutes abo;r 3-4% of the newly-synthesxzed

:cytosol1c ptotelns 1nclud1ng globlns and approxlmately 30% of the h

v-b
: non-haemoglobln protelns (Th1e1e et al., 1979) .. -

, Reticulocyte hpoxygenue enzyne ‘system .
_ v v
Rabbxt lxpoxygenaae (EC 1 13 12) from retxculocytes 1s a }"

1]

"_sxngle polypepylde glycoprotexn (5%aneutral sugazs) w1th a molecular

‘ gslght of 78 000 daltons,'contaxnlng ‘one non-heme xron atom per enzyme

: oy
vmolecu]_.ev. 'rhe autu.no0 ac1d content analysxs depxcts a hlgh percentage of‘ _

lchine'and tryptophan in thexprotexnvwlth ?fglyc1ne‘mplecule at the"
N—tetmxnus and at least 3 but not more than 5 pept1de chalns w1th
fxdentxcal N-termxnx, dxfferlng in- C-te:m1nal amlno aCLds (Rapoport et

3 al., 1979). 'rms cytosoll.c 1ipa

xygenase‘xnltlates the dxs;ntegratlon ,
. N _ AT
of the mltochondrla by OXygen insdgtion  into the fatty acid chains of .

-—

'thexr membraneé Thetattackft;igg rsuanZATP-dependent\prgteolyéis of -



R

‘.su1c1da1 character‘hf 1ts actxon on’ 11p1ds and sub-mltochondrxal

7“_ mxtochondrxa whxch precedes the £1nal degradatxon oi the organelle by

proteases and other phoaphol1p1ds.. It has been shown that the

<*?cusceptib111ty of the m1tochondr1a qp the 11poxygenase-ATP-dependent

proteolytlc system zs conferred by an Pe-dependent protexn called‘

mxtochondr1a suscept1b111ty factor (Rapoport et al., 1986) as well as fg .

thg\maturat1ona1 state of -the. retxculocytes (Rapoport et al.) 1985).;

.-

Erythrocyte ghosts are much nore resxstant than mxtochondn1a1 membranes

possxbly due to thelr hlgh contgpt of cholesterol and to specxfxc ”1

protexn 11p1d 1nteractxons. Apparently the barrler lxes in the ’

'_vxnterxor of the red cell membrane slnce spectr1n depletlon does not

cause the‘$uscept1bL11ty of the nembrane towards 11poxygenase’

< \

(Rapoport et al.,‘g979) A marked property of lxpoxygenase 18 the

‘<partrc1es{' The}xnactrvat;on_ig zrreversxble;sxnce the addxtxon ofl,‘.v

_a’ strate:(iinoleic acid' Fig.&1A)fdoesfnot restore'the7activity;g

Extensxve studles of the arachxdonxc ac1d metabolxsm by

.

pur1f1ed rabbxt retxculocyte lxpoxygenase has been carrxed out in

1ntact rabb1t retxculocytes., Thrs unsaturated fatty aczd (Fig. 1C) 15 ’["f?'

'

the major substrate for other lrpoxygenases of the retxculoendothelxal
, .

cells._ The products of the. enzyme act1v1ty 1nc1ude IS—HPETE (15-hydto-" ’

pegoxyezcosatetraeonlc acxd) and ]5 HETQ.(15-hydroxye1cosatetraeonic

acxd) 1nd1cat1nq that the enzyme ‘is spec1f1c for C-15 (n-9)_

oxygenation. Moreover, 3udgxng by the hxgh amounts of 15 HBTE, lt 18- f o

apparent that the retxculocyte 11poxygena8e is coupled to a peroxxdef o

:system'(Bryant ét al., 1982) n In _addition, a 12-11poxygenaae actxvxty

- e

has been detected uhxch co-pur1f1es with the 15-11poxygenase enzyme :,‘

(Kuhn et al., 1983)



SRR SR

- ?ﬂqgtgfj.'zxaﬁpieé of unéhgutaced'fatty:aéidé.thht'sérve;f;

as substraces fot lzpoxygenase actxon (A-C).g»  *gQ;'""'

l‘j(C) also 1nd1cates the metabolxtes of '_

- S-lzpoxygewfse actxvxty./ C-1 13 1nd1cated by“

"f.cf (wmr.e et a1., 1964_) R -j_ : : ‘*-{;\"



" L1nole1c Ac1d  ; (A’fff:

T

o ;cag(caz)4-cn=cn-cuz-ca-cu-(cuz)7coon R

? ﬂ”iLlnolenlc Ac1d _ ::(3)

A

'7;{{97ca3-caz—ca-ca-caz-cnsca—ca2—cn=ca—(caz)7-céon

"fi:fcn3(caz>4-CH=CB-CHz-CH=CH-CH2‘CH‘CH”032’CH'C“‘CHZ’3C°°H o

'vi;Arachldonic A01d 'f(C57'-f{:f)y",__lff f4';1'. RN

.:g _'v‘<   ~“;‘: 15-L1poxygenase -- »7*“
CH3 (CH3) 4—C=CH-CH—-CH=CH-CH;-

CH=CH—-CHZ-CH-CH (CHz) 3CO‘
o 15-HPETE
UL (peroxxdase) _ S
S SR ST O SR
“  CH3(CHp)4-C= CH—CHZ-CH=CH-CH2-CH=CH-C82-CH=CH(CHz)3C00H
S Te T _ o o 1S-HETE
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' Ltpouygenase in non-lac celle

Llpo:tygenaee,s are vudely d:.str:.buted J.n plants and am.mals

f'and, dependan on the source, vary 1n the1r substrate §pec1f1c1ty, pﬂx,f,'ffj‘

.

: gptima, eusceptxbllxty to 1nh1b1tors and the 1somer1c n&ture of thelr?djifft“
V In plants, the purxfxed 11poxygenase from soya bean can’ be :ij_‘ff‘
reeolved xnto at least 4 subspecxes that vary in thexr optlmum pﬂ and‘
product epecxfxcltles (Parker,»1984).A On- the other hand, the slngle
enzyme from potato tubers has been shown to possess both 5- and
':ﬁfa 8-lipoxyde~_ee act1v1t1es (thmxzu et al., 1984).' Recently,
cloning of a lzpoxygenase cDNA from\pea seedlxngs has been reported
(Casey et al., 1985) =
Three majo; llpoxygenase pathways have been 1dent1fxed.1n tiffzb
. mammalian tlssuesa The 5- and 15-11poxygenases are of predomlnantly ;
rkg;: granulocyte orlgin (Borgeat et al., 1976); the 12-11poxygenase 1s
| platelet-derived (H rg and Samuelsson, 1974)', There 18 also a mlnor:h;h'
mh{ . 15-11poxygenase PatéYaY in- Platelets as shown bY the metabolztes of theu T
| :??N enzyme actlon .on arachxdonxc ac1d (WQng ‘et al., 1985) On the other

~

hand, there is d1sagreement about whethe; lymphocytes produce .~<:i_- rl}d
g E%? S-proxygenase metabolites (Parker et al., 1979; Golydne et al;, 1984) .l [»ﬂ
.TflvThe S-lipoxygenase trom leukocytes seems to be unxque amongst other -
blood cells._ Thxa enzyme requires stxmurutory factors for 1ts act1v1tyﬁ:3c

whxch comprise at least 3. componenta; two of them soluble and onev

; membrane-bound, in addxtxon to Ca and ATP, ‘The complex regulatxon of‘
thia enzyme may play a role 1n the synthe31s oQCleukotrienes (Fxg.,Z)
and lipoxins (Rouzer and Samuelseon, 1985; Rouzer et al., 1985).. Thesefif_ f
recently characterized compounds are’ of bxoloqxcal xmportance o

‘ | . "4‘4 ‘ "é‘ \ '% ) @‘? .

i



LY
L3 B

'*»1tlgute 2 Leukotrlene formatlon in human leukocytes yg*,.*

e

‘=>"__ .‘ o 5 lxpoxygenase pathway of arachxdonxc acxd

‘“me;abolxsm., * denotes c—1 (Samueleson, 1983) ”if:['fi{f
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sznce they are xnvolved 1n 1n£1ammatxon and meedxate hypersensxtxvxtyeb4ﬁ-

' other agonasts and 1rr1tants has been establxshed (Austen and Lewrs.

(Samuelsson, 1983) Medlatzon of leukotrxenes 1n teversxble axrway

dzsease in: bronchlal asthma as well as axrway hyperirrltabxlxty ro

-‘:';. ' -

B

. Post—transcrxptxonal regdlation _5”

: Rabbxt retlcuIOCyte llpoxygenase has’not been detected in

retxculocytes reach. the perxpheral blood, 31nce no-

—_

antxgenlcally-related proteln such as ‘a precursor molecule is . found in
[

nucleated blood cells.; It 1s therefore postulated that the :

transcrxptxon of the lxpoxygenase mRNA takes place in the nuc eated

: bone marrow cells but the transcr1pts are translatxonally 1nact1ve

(Threle et al., 1982). It has been shown that thxs mRNA ex1sts as

' cytoplasmlcally free r&bonucleoprotexn partxcles (mRNP). Prxmary

t;anscrrpts 1n the nucleus and fully processed mRNAs xn the cytoplasm

are found as RNPs and several roles, 1nc1ud1ng nucleoplasmxc Cransport

o cells restr1cted to bone marrow'vzts synthesxs seems to be 1nduced when 'v,[f

oy

of mRNA, in v1vo stabxlxty of mRNA, and regulatxon of translatxon have ~f -f

v

been assxgned to. these partxcles.» Tw0'ms1n mechanrsms o£~translat1on

1nh1b1txon have been suggested- By the protexn complex in. the free mRNP

-or by a certaxn specles ‘of low molecular werght 'translatlonal concrol'

RNA (tcRNA) 1n the partlcles (Sarkar, 1984).- Messenger RNA control of |
th1s natute has been studled in several txssues; rabbit reticulocytes

(Blobel, 1972), duck erythroblasts (Vincent et al.; 1980) fhu

and Artemia (br1ne shrxmp) embryos (Wahba and Wbodley, 1984) are ‘a tev

examples..,'_ ' . , o A o
v ¢ SR S S e

e



'T;alternatxve for arachxdonlc acxd metabolxsm. The non-prostaglandxns 'Lffi o

.':!he rationale

:lipoxygenase cDNA‘

y"conttol from a. pharmaceutlcal poxnt of v1ew. .

The maxn objectxve of thxs 1nvestxgatxon was the xsolatzon

A

wniﬁand characterizatiou—of the human tetxculocyte 1ipoxygenase gene ftOm a *. S

,,n_‘genonic lxbrqty by vxttue of homology to a :abb;t retxculoé&te

- s ,/»3 -

Aa dxscueaed earlxer, the lxpoxygenase pathway 1s an meottant

- i

;products of thls pethway, the 1eukotr1enes, are qgsoc1ated thh

‘fintlammation 1n txesues.: No doubt a better undetstandingaof

4

'flﬂlepoxygengee sttucture (at the DNA level) and the relat1onsh1p to 1ts

3

:T:ﬁfunction could faci11tate the etudy of 1eukot:1ene productxon and

RS e v SR
~= Even though dual posxtxonal act1v1ty and substrate :_;T o

H;]flexibilxty has been demonstzated for a few llpoxygenases, 1t xs'.‘

¢
I .

".”belxeved that the susceptxbxlxty of a fatty acxd to. the enzyme attack
’vtdependa on the specxfxc location of its double bonds and thefu’7~

"'lxpoxygenase., The possxbxlzty of 1sozymes 1n certaxn cases has not ,"‘.‘.

'6ut;* However, efforts to dxst1nguxsh hete:ogene1ty at the

P

’ :v:_DNA evel f:om other bases for heterogenexty (post translat1onal

ﬁﬁjmodxfieations) have seldom been attempted. -

forganxzatlon of lxpoxygenase. ‘the enzyme system presents a challeage to

:Lgeneticiata and b1ochemxsts allke."“

L.

'7",1"

Vﬂ b§ Precxaely due to thxs 1ack of informatxon p&rtaxnlng to . the genom1C‘

——

i Studiea on soya bean lxpoxyqenaae 1nd1cate an 1ndependent f'

T:aqsortmen f at leaet 2 types of the enzyme, lxpoxygenase-l and

'“_The 1ntetest tegardxng thls work ‘is two-fold'AV’b':"'°

Lo



‘ "3.1oc1 fo:'

' ,haa not been well chatacterlzed.v As fxrst steps 1n resolvan thxs'

33problem, the protexn hpsv

iﬁl:possxble ex1stence of a gene famlly for llpoxygenases hae been

"n;addressed

: n~11poxygenase synthe31s?

e hpoxygenase-z (Casey et alu 1285) mdicatmg there a:e a’ mnumm ot 2

IPOxygenase ln soya bean,.;;'ﬁ’u .

2 purxfxed from rabbxt retlculocyteﬂ

L e

thxs enzyme aze underway._vb-

Do a qtoup of related but non-identxcal genes code for

'j d1f£ezent 11poxygenases? 'Var;ant' :epetxtxon of genes has been shown o
ﬁ”for globxn, actxn and several other p;otelns (Lonq and Dav1d, 1980).~.f

s In vxew of the data obtaxned durlng the course of thxs work, the ;f:f‘”

’

Moreover, che mode of post-transcnpt:.onal reg I!dtionvv’for“"" R
x*<11poxygenase has no: been determ1ned. The red blOOd cell is “311

'-synchron1zed 1n swztchlng on the synthesxs of globln long before the

>

' _4destruct1ve actxv;ty of the lxpoxygenase haa been detected., Hhat rolesvi' .
h‘do the protexn components and tcRNA play in the 1nh1b1tibn of che

'1 translat1on? What factots afe responslble for the'xnductzon of

.
R
E )

Although the research relatan to these quesc;ons 18 beyond

V

jthe scope of thxs work, thete xs potential for further 1nvestxgation’_
in the futugé? L ‘-‘Lﬂ o ,5 B 1{f ~v~‘1f,_l;ff"

elatxonshxp of lxpoxygenases from dxfferenﬁ bl céiis‘*“*:’3f




f?lp med{um con;axnxng 1t

: gi

Ve

A sinqle Qgcte:ial colony waa 1noculated 1n\50 ml of.LB

LT '*e’

\L-

n .

' 'f‘supplemented thh 0 Ztv(w/V) maltose.. Pollowxng 12-16 hours of :le,ffﬁ

e.

fncubatxon at 37 C 1n a :otary shaker. the cells yere,centrlfuged at. -f,*?

_‘. .~‘\

2800xg £oz 10 minuted at toom temperatuze.» The cell ppllet was "3“'7"

.»’

u,;'tesuspended 1n sterxle 0 01M MgSO4 (0 4x volume of the orlgznal

el -

99 '2;f Putitication of bacteti': ¥ L
B ‘ V'

Plate lysate n\ethod (Huynh et: a.l., 1984). 125~ 250 AL of nost"f”"'f_‘"'

bacteria (p:cpared as descrxbed above) was 1ncubated w1 h 2 Sxm6
e e

plaque forﬁigg unxts (pfu) of the bactc:1ophage lysate\fgl 20 m:nutes gl;c'
! at 37 C to facilxt#te phage adso:ptxon to bacterxal cells.. The ;ffifw

bactetiphage stocks were dxluted 1n sterxle SM solutxon consxstlng of','l'

IOOMH NaCl, 10mH HgSO4, SOUM Trls HCl ng 7 5) and 5 ml of 2% (w/v)

qelatin. Thtee ml o? TH medlum (1% Bacto Tryptone, f 5% NaCl,,TOmM

H9804 and !t glucose) contaxnxng 0 70 Bacto Agar or aga:ose‘(at Q@Jﬂ

:1, 0 5% Bacto Yeast ext:act and 1% Bacto wj~“'~'

Trypcone. The«mcdmum was adjusted/;é pu 7 5 wx;h 1N Naoﬂ'énd i'liv"”"

veze added to the mixture, vottexcd and plated on TM plates (wtth 1 2§;'~ o

Bacto Agar).. After 6-10 hours of gtowth at 37 c and conflq,nt lysxs,;-
v -

the plates fre flooded with 5-10 ml of su solutxon andicooled

f_ovo:nlghtﬂ';

B Co A“fﬂ' '»'-’ »_‘- X Z‘ " ~ ._" :

The ove:lay solutxon wns collected,ang the bacterxalf' flx‘



.'p\uge »g% pelleted ftom the supernatant usxng an sw 'Zg rocor '(Beck

at 70 OOOxg fo: 90 mmutes at 4 C.‘_ 'rhe bagtenophage partxcles wer‘e
E v, ‘-"resugpended in 1 ml of SM and then puntl.ed usmg Cacl denaity gtadxent X
g ."centufugatlon. 'rhe phage suspensxon was broug°h-t to 0 75 gm CsCl/ml o
' ‘;':{.'lthe supernatant and spun at 180 OOOxg for at least,G houte .m a V'r1 65 2

-

"r"rotor (Beckman) at 4 C.:_ ', T

'_;;3.f Exttaction of bactenophage )\m
' 'rhe p{ocedute followed is- essentxally that of Mamatxoe et

(,1982);. Afte_r_ the removal of the CsCl by d1alysxs aga:.nst 'I'E

C

_buffer (10mM Tns HCl pH 8 ,and ImM EDTA), the phage suspensxon was

v

. ,' treated \ylth 20nﬂ ED’!‘A, 50 /w/ml protemase R and }) 5% (w/v) SDS and . - o
"-'"~1ncubated for 1 nour at 65 C.. An equal volume of 'I'B-scturated phenol

,was ac‘d,and followmg thorough,:f' ixxng, centnfuged at 16Q0xg for 5

'nunutes at robn{ temperatul:e.; The 'aqueous phase was extracted once w:.th

s 4

,phenol chlozofo{m 1soamyl alcohol (25 24 1), cencu:uged, and the

~ '1‘-

o *"_recovered aqueous phase extracted thh‘l v‘olume of _chlorof' rm. Th'e DNA

“"was precip1tated from the aqueous phase by the addxtxon of 1/10 volume

;3M Na acetate (pB 6) and 2-1/2 volume 95% (v/v) ethanol and ‘stomd at
- .-20 C. Alterhatively, the fmal aqueous phase was dxalyzed.agamst 'I'E Ve
- buffer overnlght and then ethanol pret:xpxtated as above. : -- ;ﬁ
4 toman o extraction R L R
: R Kuman DNA was extracted usingﬁthe procedute o£ Manzatie et' ;
} (1982) thh nbdxfxc;;one. = -2 gm of tzoaen (—70 C) spleen € 1
' ‘waa gzound to sia powder in liquxd m.trogen and then homogenized‘:
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e 20 ml of 100mM EDTA (pB 8) and 1$0mM NaCl usxng EY Wheaton glass

'v'a-

- homoaenlzer. Protelnase K and SDS were added o -a f1na1 concentration
e

- : -
v of 10@/lg/m1 and 2%, respectlvely. The homogenate was 1ncubated at

'tﬁ 45 C for b hbur after wh1ch the DNA was extracted thh phenol as above.“

o oY
Ty

. 5 Endonuclease d1gest10n of DNA %v:":_f‘l; %-‘-9' R

All DNA' samples were restrxcted wrth endonucleases usxag the'fh

i

manufacturer s spec1fxed cond:’zons. The reactlon mlxtures were

4

1.;'3 _1ncubated at 37 C for ! 1/2 to 4 hours and the reacalons stopped ngthe
'.[17:. addltlon of 10mM EDTA (pH 8. | ; |
. _ : d?yw:'lﬂ' :
TR S R
v’_6.~'Ge1‘eiectrophorésis_*”

) .>.ﬁ; DNA samples were electrophoresed ‘in” 0‘4% adarose (Ultra Pure,'

BRL) gels conta1n1ng 40mM Trls acetate, 2mM EDTA (pH 8) 1n horlzontal ‘l'h
'l'y slab‘gel electrophoret1c un1ts (Tyler Research) Load;ng dye [0 15%

(w/v) EPB, 0 15?,4g/v) xylene cyanol and 50% (v/v) glycélol] was added

'to each sample.. By the addltlon of eth1d1um bromlde (0 SAHg/ml) ‘to- the C

agarose gel ]ust p:lor to pourlng, the DNA samples were vxsuallzed on. a

L long wave UV transxllumlnator.. _ o 1.. »
‘ S e T T L P R R o
7. fSucrose gradient'fractionﬁtion - 'I‘Qy ::~ 1?.'v'_' .

Human DNA was’ dlgested with L1m1t1ng amounts of Sau 3A and
81ze—fract1onated on a 16- 40% lxnear sucrose gradxent follow1ng the -
"method descrxbednby Man1atxs et’ al (1982). Human DNA samples wére

» heated in a’ 68 C 1ncubator for 10 m1nutes, gently layered on the
.“' )

o N sucrose gradlents and centr1fuged at 70 OOOxg for 24 hours at 15 C.’

e

: Gradxents were fractlonated by puncturlng the bottom and drxppxng 0 5




v<'ri§u;c 3

Gel eIecg}ophoreSislof'humanifnaCtionated DNA;
L Approx1mate1y 250 Bg of human Spleen DNA was

: subjeéhed to partlal dxgest1on thh 0 15 un1t of':"

and subseque?tly loaded,onto a 11near suc:ose

ey

»

:Sau 3A restrxctlon endonuclease for 60 mxnutes R

gtadxent. Follow1ng centrxfugatlon, a sample of

every thxrd fractlon was - run 1n a 4‘ agarose

. ,‘,

- gel ‘and- vxsualxzed by long wave UV

":<gene:ated by Hlnd III d1gest10n of bacterlophagegg .-

-transzllumxnat1on.,Molecula: slze marke:s were'

,AK.' Fractlons 10 22 were pooled for the putpose‘

' of llbrary constructxon._,

‘ . T : 5 Y
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Eml fraczxons. A =5mple of every th1rd fractxon was electrophoresed

_fuszng a 0 4% agarose gel (Fxg. 3). Fractlons contaxnlng 9-22 krlobase

“a

/“p(kb) sxzed fragments were pooled and d1alyzed for»gévbral hours agalnsﬁ R

'ITE buffer and passed through a Nacs Prepac Column (Bethesdajpesearch
e

L Laboratorxes) as descrzbed by the manufacturers.” The columns uere o

‘:.washed thh 3 ml of 2M NaCl Ln TE (elutron buffer) and equxllbrated

swrth 0. SM NaCl 1n TB (load buffer). The sample was applxed to the 5¥0,i

'»coinmn w1th 1 ml of load buffer and washed thh 3 ml of the came

"‘:T?buffer;, The DNA was f1nally eluted w1th 1 5 ml of elut1on buffer and A

"ethanol/Na acetate precsztated overnlght.‘

-d;n,Ligations';

(1982{.L After growth on permxssrye host NM 538 E.c011 strarn (Table )
~;1),the‘AEMBL3 DNA was purlfled, double-dzgested thh Bam HI and Ebo RI
§ aﬁd used as the vector.' Prlor to lrgatxon wzth human DNA 1nserts, the L

chohesrve srtes of the phage arms were annealed 1n 10mM MgClz for 1 hour"

- at 42 C. A serxes of test lxaatxons and in vztro packagxng reactxons -

1was performed to- determlne the ratlo of arms to - 1nserts that yrelded

q

'gthe hxghest number of packagable molecules.f Each reactxonvcontaxned-

ﬂf,varlous ratxos of phage DNA to human DNA 1nserts [1(arms);1(1nsert),

'2 1, 4: 1 an& 6 1]* in llgatlon buffer consist1ng of 60mM TtlS pH 7. 5
“lSmH MgClz, SmM DTT and 1mM AmP 1-2 unxts of T4 ﬂNA lxgase was’ added
g'and the react1on 1ncubated for 12-16 hours at 12 C. As a negat1ve

"control, a llgatxon reactxon was set up thhout human DNA."

Lxgatxon reactlons were: set up as proposed by Man1atxs et al. :f”



J_;“,9.,1h vitro packaging

N . f._".':" '.”
The resultant recombxnant DNA molecules were packaged 1n

L -'F

':,vltfo usxngvs1ngle packagxng extracts (Enqurst and Lands, 19793 a°h"':p_vgx“

? 1979) obta1ned from Promega B1otec (PackaGene System)._ 10 Fl of the

:'fylxgatxon mzxture was added to’ 504F1 of the extract after whxch the

' react1on was allowed to, proceed for - three hours at room temperature._::, -,ff7

:The recombxnant phage particles were then drluted 1n SM buffer and‘~f'”rf

REY s
“:plated on E.colz stra1n NM 539 restr1ctxon host as descrlbed ; g

vjprevxously uslng 22x22 cm Nunc culture dlshes (G1bco)
Alpllfxcatxon ‘v.~" :f']~”¢j.' 'f. - ”‘tﬁv-

For long term storage, the AEMBL3 human lrbrary was amplrfred
'vd(as descrxbed by Manxatxs et al., 1982).» After 10 hours of 1ncubat10n -
at 37 C, the plates were overlayed thh 20 ml of sterlle SM bufter and

o 11ncubated overnlqht at. 4 'C. Tﬁb bacterlophage suspensxon was £ ._“'
. . , y ‘ .

'transferred to a sterrle polypropylene tube Chloroform was added to.'ﬂu .

v_:‘4% and en lncubated for 15 rnutes at room temperature thh {

lr

't,occasxonal agltat1on.A Cel 1ar debrrs and agar ugge pelleted and thef

=eupernatant recovered to: sterxle alaes bottles. Chloroform was addedvy

j'.to the phdge lysate to. 0n3%. The amplexed lrbrary was alxquoted and ttfd

. stored at 4 C. o -f“ : f . i°» v,':;".‘ !

| II. \ :HUMAN. LIBRARY SCREEN

" - . Coe . o - : . 'fz?t'flj,"‘-

B Plaque lifts N

The AEMBL3 human uhamplered llbrary ‘was screened’as L

~

".'descrxbed by Benton and Davzt (1977) thh mod1f1cat10ns. 7x10‘ pfu ]

were 1ncubated wrth 1 ml of ﬁM 539 bacterlal culture (per Nunc pulture ‘"l

\ ‘ : .- * .



el 8 RN . . s S

‘ 5} dish) and plated usxng 0 Vt agarose in TM top medlum._ W1th the

f_ appearance of plaques followxng a 10-hour growt per1od, the plates

".

'f-were cooled to 4 C for 1-2 hours.; Dry Bzodyne A membranes (Pall) were

<

‘ placed on the plates for 1 minute to adsorb phage DNA. The plates and

I

/'ff,the nembranes were apprOprxately marked thh Indlan 1nk for orxentatxon

-hlpurposee. The DNA was denatured by plac1hg the filters on. 3MM Whatman -

fpaper soaked WIth a solutxon of 1 SM NaCl and 0 SM Naon. 3M Na
. . Ty : ..J : ; oL
acetate (pH S 5) was uaed to neutrallze the'imh bound to the fxlters.‘ :

:The fxlters were a1r-dr1ed for approxlmately 30 mlnutes and baked under
'"7fvacuum at 80 C for 2 hours.d'l?¢7i: o

b

B f}; num purificatxon fro- lov -eltxng point agarose gelsf
Followxng the procedure of Manxatxs et al. (1982), the DNA

“~1_restr1ction fragments vere electrophoresed 1n a 0 8% low meltxng point

l

’agarose gel (BRL).‘ The fragment of 1nterest was excxsed wlth mznlmum
'-:agarose, cut into pxeces and dxspensed in a Corex tube w1th 5-10 ml of

'3<TE buffer.' It was then ‘heated to 65 C untxl the complete meltxng of 3?»

R
B

"the-agarose,wae achxeved; Thq DNA was phenol-extracted as above. x

I
. )
S

3, l,ick-tran'alation " DT : :«

DNA fragments uere nrck-translated as descrlbed by Manlat1s :

a

‘_et al. (1982). The reactlon contaxned, in a total volume of SO)al: L vl@
j,ag m. som Tris. ac1 (pH 7. 5), 10mM ngso4,' o: nm m'r, 50 Hg Bsn, C2omm
4 dATP- dGTP, TTP: 0 107}4“ dCTP (CK 32?. 3000 C1/m mole in Tr1c1ne, New

lu‘tngland Nuclear), 10 unlts of E.cOll DNA Pol I and 0 25ng of calf
thymua DNase. Followxng 1 hour 1ncubatxon at 14'C, the reactlon was

atopped by the addxtlon of 1 volume atop solutxon (ZOmM EDTA, 2 mg/ml

-

.’1



N

o the 1ncorpbratxon of the radxoactxve nucleotrde 1nto the DNA wlthout

,',7'pur1f1cat10n of these fragments from low-melt agarose. The<procedurebf o

v be labelled was 1ncubat

»l

A";‘added ‘to: 1/10 volume of the mlxtute. The sample was added to a

Sephadex G—50 column, whlch had been equ1lxbrated with TE and 1mM NaN3,f;5fi:m

‘) '

“-~cal£ thymus DNA and 0 2% (w/v) SDS).; A 0 15% (w/v) solutxon ot BPB was:j_l@fd

packed in, a dlsposable syr1nge and 1naerted 1nto ‘a plast1c tube.i Atterll{V

centrxfugatxon, the sample was collected and the specxfxc actxvxty of

the rad1oact1ve DNA measured by countxn@ a sample of each fractxon ‘in-

R : ) :

-.t‘

01xgo~pr1-1ng

'lf dlstllled water in a Beckman Ls7500 llquld sc1nt111atlon spectrometer.“

. As an alternatxve to n1ck translatlon, olxgo-p:1m1ng enhanced

follows mhat of Fe1nberg and ngelstexn (1983) ~The‘DNA.was rest%icted

T
‘¢

on a 0 8% low meltxng point gel and the fragment of 1nterest was l

After boxlxng for 7 m1nutes, -an allquot conta1n1ng 30 SO ng -of - DNA tq.

- }u) had 10 }41 of . or.. solutz.on (consxsting of 100 ,Al of 1. 25M

Tr1sOPCl, 125mM MgClz (pB 8),,100mM of p-MeOH, dATP, dGTP and TTP, 250 .

-~

. mL:of 2M HEPES | (pH 6. 6) and 150 rl of hexadeoxyr1bonucleot1des i~'

}d MP (o<-321>, 3000 C1/m mole, 10 /AC).//Al) and 2 um.ts of Klenow

- >

fragment of E.coli DNA Pol I, After 2-4 hours of 1ncubatxon at 37 C,

the react;on was stopped by the addltion of ZOmM NaCl, 20mM Trxs HCl

.

(pH 7 5),»2mM EDTA, 0 25& SDS and 1,-M dCTP The unrncorporated

%

’

: exc1sed, welghed, and 1 S ml of deO added for every gram of gel. : T

at 37° C._ The total reactxon mxxture (volume--:

(Pharmacxa), suspended 1n TE), 2uf1 of BSA (10mg/m1), DNA to 32 qu .f

radxoactlve nucleotxdes were removed by spun-column chromatography and -

. the specxfic actxvity of radxoactxve DNA determxned aa descrxbed above;'l"

‘o

' \\h T A

PR S
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Bthidization o ’»‘ﬁ“ _13‘ } _‘-;1_-,1¢'fwj S e ,

Nxck-translated or olzgo—labelled DNA probes we:e hybrldlzed

"'to DNA 1mmobxlxzed on ondyne A membranes as descrxbed by Kle391g and e

. f,Bezty (1983).' The pre—hybrxdlzatzon and hybrxdxzatlon solut1ons

- contaxned 50% (w/v) de1on1zed formamxde, SOO,&g/ml denatureé salmon

."spem DNA, In NaCl, so;m pxpss (pH 7), °. 5% (w/v) Sarkosyl Sx

'Ddﬁhardt a solut1on [0 15% (w/v) each of. P1coll, polyvxnyl ' %olidine,»'

and BSA], zo }Ig/ml yeaat tRNA, 10mM EDTA - tpH 8) and distllled water to - g

"

6% of the total volume. 20 ml of the solutxon was used"to fl%jirﬂ j'?i?i .
e S -
pre-hybrxdlze the baked filters 1n a 42 C shaker waterbath for 2-4 i SN

e hours.. Hybr1dxzatxons were carr1ed out “in. half the volume with the f;’““

‘ add1t1on of dexttan sulphate (10% w/v) and 30—50 ng of dCTP kagZP)L;~<”fi
w' \

T

: g
,:The sqeczfxc actxvxty of the probe yarled from 0. 5x103 go 5x108 Cpm/ﬁﬁﬁ
8 S\, 3

(24

' of DNA. The fxlters Wete hybr1d1zed at 42 C 1n a waqerbach n;ch gentl g

B I
agltatxon for 24-48 hours.,. i ;'74f~‘,-;. e R Sl
: ot A .
e . . . ! o L, ,“.\'»i
,Ihehea ' ‘ . b
. ...‘ N - ‘? . & . v" . . .“ '
: : " i 2;-‘-.‘&»:
: :»acetate and - 0 18 Sarkosyl) 5—10 mlngbes each at’ room temperatuﬁb, once. _-lﬁ}??
’ B f,&\ S

v1n leSC, 0 S% Sarkosyl for: 30 mlnutes at 50—53 C and. thrxce lw %41§S$C

N’ﬂand 0.1% Sarkosyl for 30-60 m1nutes each at; 50-53 C.

7 Autozadiog:aphy o - | "

XAR fxlms ‘in x-ray cassectes with 1ntensxfy1ng screens (Dupont) at

-10° C. Pollowxng apptoprxate exposu:e perlods,vthn fllms were 3

L
N
R
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' II1. CHARACTERIZATION OF THE CLONES -

:.ondyne A membranes u31ng the procedure of Southern (1975) thh

oo

1. Southern transfer

Restxlcted DNA fragments were electrophoresed and blotted to i o

e »‘,

,god1f1cat1ons. Followlng electrophoresxs, the agarose gel was

'bmlnutes with gentle shaklng, and - neutral1zed in 3M Na acetate (pH 5. 5)

w1th a plece of dry Blodyne A membrane. Several pleces of 3MM Whatman

e den%tured in-a solutlon of SOOmM NaOH and 1 5M Tr15/4pa 7. S) for 30

- for 30 mlnutes at room temperature. Gels were placed d1rectly on a

'wlck made up of'BMM Whatman frlter paper soaked in’ ZOxSSC and overlald

=

;paper were placed on the fxlter and overlaxd wlth ar 3 1nch stack of

' paper towels and a one klloqram we1ght.‘ Follow1ng 16 24 hours of -

blottlng 1n 20xSSC, the Blodyne fllter was alr-drxed and baked for 1 P

hour at 80 c under vacuum. Hybrrdlzatron of the DNA-bound fxlters to

© 4 the desxred probe was’ carrled out as descrxbed above.

The Southern blot o‘ human genomzc DNA was carrxed out. thh

sltht modxflcatzons. Brodyne A membranes were replaced w1th Gene

Screen Plus fx]ters (NEN, Dupont) and used to bxnd DNA. Afterithe .

electrophoresxs of the»human DNA, the gel was. acrd-nxcked in 0 25N “HC1

g for 15 minutes at abom temperature prlor to alkalxne treatment (0 4N
NaOH, 0 GM NaCl for 30 mxnutes at room temperature) ‘ Followxng the :v'

. neutralleng step (as before), the gel was placed on a wxck and

L
ﬂ.JOXSSC). Transfer of@;he DNA onto the frlter was allowed to proceed

Lt

developed manually using Fodak X-ray Developer and Rapid fixer, . ..

8

e



"”2lﬂki'

5for.f6Fﬁ4‘hours 1n 10xssc aftét whrch the frlter was 1mmersed 1n an ‘u‘finilf

sexcess of 0 4N Naoa for 30-60 seconds and then rlnsed 1n 0 ZM Trxs (pn'fﬁ'~

g han

“w3*7 5) and ZxSSC. As there was no requ1rement for bakang, the fxlter wasgfg;.hz
a1r-dried and hybrldxzed to DNA probes as before.¢ The radzoactxve
irtmembrane was washed 1n 2xSSC for 5 mlnutes, 2xSSC and 1% SDS for 30

'ftmlnutes at 65 C and fxnally 1n 0 1xé§c at room temperature, all Wlth -

oonatant ag;tat:ton,.- L "/ v

"’fwere constructed usrng single and double dlgests w1th var1ous

':Tprxncxple is based on: the homology between dlfferent restrxctxon

'

;'are stated below..' .

u"'f f9"" f7‘f?‘"3:!’ s
Southern Ctoos Restrxctxon Happ1ng REERE "-i;g. .l_a-_'

Rudxmentary restrxctzon maps of the recovered posxt1ve clonesf

o -
S

-,restr1ction endonucleases. Southern Cross Restrxctxon Mappxng System :

}(NEN, Dupont) ‘was used to further verlfy the restr1ctlon maps. The

“ . -

v".fragments of the same DNA clone. For example, a DNA fragment to be
'ftmapped is dxgested w1th 3 dlfferent enzymes, wlth DNA from one of the
'freactrons labelled w1th a rad1olsotope.; Each reactxon 1s 1nd1v1dually

”‘run on an agarose gel and blotted onto a fllter. All membranes are

‘..

:then stacked up on one another.' The radloactxve fragments (bound to a

t'specxal frlter and la1d perpendxcular to the other frlters) are

A

'released under prescrrbed condxtxons and’ hybrxdxze to homologous
- sequences of other non-radloact1ve fragments. 'Hybrxdrzstxon spots
b‘fautoradxographs of the f1lters 1nd1cate that the 2 fragments elther

.overlap or are contarned wrthzn one another. Detaxls of the protocol



7 s cel electtopbo:esis and transfer ot tbe non-rad:loactlve diguu

‘”?f?d“_; DNA dxgests thh dxfferent enzymes uere 1nd1v1dually run on'””"f
S Y _

'ffo 4% agarose gels (22x25 cm. 0 6 cm thick.4 Apparatus. Tyler Research). : |

.,, .

"ffeThe specxal combs formed a 1arge preparat;ve well for the sample, a:
'small well for analytlcal purposes and flnally one tor molecular werght ;{fiff
, I.'Imarker DNA. ‘ﬂ buffer and marker dye were added to " 2,\9 of DNA and
';if?the mxxture was loaded xnto the gel slot. 'One mxcrogram of th DNA RIS
”f{isample wasﬁused to mon;tor the mlgratx n of the bands 1n the | =f5$-"
N : : NN
vbpreparatlve slot.z The voltage was kept low (2 volts/cm) o’ prevent the .:7'
}dlstort1on of the bands.j A sample of AcI 857 Hznd III dlgest waa used :
fnaas the molecular we;ght standard (Flg._4) After the electrophoresxs
;was complete, the DNA q!n blotted to Gene 8creen Plus membranes (1n

'i_ZSmM Na phosphate buffer, pﬂ 6 8) Prlor to the transfer, the gel was ﬁ:

,A:ac1d—hydrolyzed‘(10-15 mxnutes) and denatured for 45 m1nutes (as for a N

\ N

"Southern transfer). ‘The gel was 1ncubated in a solutlon of . 3M NaCl and CN

a

.

ﬁ;ﬁ' B 5M -rns HC1- (pB 7) for 60 Ms'am blotted for at least-20 hours.
'The fxlter was then alr-drled and stored at ‘room temperature for a 7

f‘further cross-hybrldlzatlon experlment w1th other non-rad1oact1ve
. . . cL
o ’b.dlgests (blotted in the same manner) and the radxo-labelled dxgestf. L

/
R S

.bﬁb Gel electrophoresis and transfer. of the radxoactive d geacul .?'”;u'"
| . The restrxctlon dlgest of cholce was end labelled by fxllxng »
brthe recessed 3'-08 end of the double-stranded DNA. The reactxon was ::’7
.:carrzed out as recommended by Manxatxs et al. (1982).v Asamuch.as:;,hpr-A

“;_of DNA was dlgested w1th the restrictxon enzyme of 1nterest. 2/AC1 of

fan appropriate 32P-dNTP (1n thls casec&-32P dATP) and 1 gﬂiz of thev‘ ’

.Rlenow fraqment of E.coli Dﬁa Pokll were added The mixtu qu B %.;:



Pigure 4-

Southern Cross gel electropho:esls of A3-B4 S

‘ "Sal I/Bam HI :estnctxon. : Approxxmately 2 /lg, of e

'_'DNA was d:.gested and loaded mto the wxde slot R

o (3). Electrophoresxs was pe:formed for 18 hours

3 _.smaller sample DNA slot (1) and the

. -at 40 volts,‘ co:respondmg to: 2 V/cm. 'rhe

_/,
AcIBS? Hmd III mrker slot ‘(2) Were excxsed

- ..pefo;g blq;t;ng_ the gel,;. , (") mdlcat:es the x\
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S T T e L S e
o incubatedfatvroom temperature for 10630 minutes and ‘the DNA.fragments ~;>s,"“ ‘
pur1f4ed by: spun-column chromatograpfy.. The.rad1o-labelled DNA dlgest

' wag’ electrophoresed and blotted as ﬁfth the. non-radloactlve digests;. - T S

1

- g:however, the ac1d-hydrolyszs step was om1tted and the Gene Screen Plus ‘ffivvz

; fllter replaced w1th Gene Screen (NEN, Dupont) fllter. d

I ., . . ‘!

,égl Croea bLot construction . S . - O L S _f"ii

Before the complete transfer of the. radloactlve dxgest, allf

:”Of’the”non-:ad%oact1ve transfer membranes’(total<of.4) were yasned_ln.

: J00 ml of Bybrg {zat ion Bu‘rré: Concentrate (B0 100 m1 of 'dis‘,ctn’iéa'f (e

'water and- 2. ml of§10§ SDS (hybﬁtdxzatlon buffer a) for several h0urs atfd7aklv

65 C w1th gentle aéltatlon. Hy;rldlzatzon buffer C‘was prepared by Qfﬁ-:t ,'~f'
* v - :

‘ m1x1ng*the follow1ng componentg. 25 ml HBC, 25 ml dnzo, 0. 5 ml 10% SDS ‘

(X3

v;and O 5 ml 10% (w/v) ‘Na pyrophosphate.: 2 non-radloact1ve transfer.

fmembrqnes to be,used adjacent to the radloactlve membrane in’ the'
vfcross-blot were. washed in the degassed buffer B solutxon. ane iﬂ
:urfremaxning unlabelled DNA-bound membranes Weri‘washed at room

:temperature in degassed hybrxdlzat1on‘buffer C‘(125 ml HBC 125 nd '”;.;v
‘dexonlzed formamxde and 2.5 ‘ml of 10% SDS)._ Next, a plastlc tray

(25x25 cm) was balanced ‘on a small (about 22x22 cm) support and a glassdd
jplate was.placed in 1t.7tA non- radzolabelled transfer membrane was ‘.‘fu“ 3
removed from buffer C and placed DNA—bound s1de facxng up, on the

-

'»glass surfxbe.l A1r bubbles were careﬁully rolled out’ durlng th1s and lﬁ;;;

the‘subseqUent steps. Another membrane from buffer < ‘was placed on the

,filter»in»the“same‘orfentation'.u Thelradioactive.membrane‘was.remo da -

from the -blotting stack and briefly soaked in degassed 25mM

-



Lot Na phosphate (pH 6. 8) ! It was then placed face up, on the stack o

o Lo D e e S Ty S s
S 25
1\.. 'v, - .

perpendlcular to the or1entatlon of the non—radxoactlve transfer ,‘aﬂm
-“3membranes. One of the membranes from bufferlc was placed ‘an the'“
p f32P—dATP labelled fllter in the same orxentatxon as other unlabelled

fmlterS'but facxng down.» The‘rema1n1ng nembranewfrom buffer C-wasu

stackéd, the DNA-bound s1de fac1ng the radloactlve fxlter. Flnally,

i

pxece of blottlng paper was soaked 1n buffer C and placed on top of. the

stack. 15-8 ml of the same buffer‘las spread over the ent1re stack

b
B KG'

i (w;th emphasxs on the edgas of the membranes) and the.arr-bubbles were
removed. Hybrxdlzatlon was- carrled out f 1 2 hours at room:
.;emperature-and‘overnxght at 37v§2.c.‘.; .
.'d.-:washgsfand abtoradloéraphga,
Folloming.hybrldlration,'the*hon-radioactfve membranesAuere;‘
.'hremouédkfrom~the'stackfanddwashed 3x in ékSSé}'6.1%_Sb§ at room
irtemperature»fcruéofminUt;s‘wlth gentle;agitat;on._'fhe filterskueré. o
: vthen transferredfto a.solutron-of'dﬁ1xsécrand washed for'db :dnutes,f.
“andithen:air-dried. Exposure perlod of | the blots varled and depended

tlon the p051t10n of the membrane in- the stack, approx1mately 4-14 days._

The XAR fllms were 65veloped -as descrlbed prev1ously. o '. d't-‘A

' .Rorthern Transfer: . : S b VF'
v RNA from ‘the. human T—lymphoma cell 11ne Jurkat
(treated w1th PHA, Concanavalln A and cyclosporxn) was k1ndly prOVLGed

’by Dr. J Ellxot. Northern blots, to be reprobed wzth the human

A3—B4 Bgl II fragment, were glfts from Dr. R. D Gletz. .

3



-1f1he Ldentxfxcatron of the putatxve lxpoxygenase clonesi; ‘J',

The use of bgcterlophage.AEMBL3 as the vector for the

*

1_constructlon of the )\ human lxbrary provxded d15t1n¢t advantages over :f7

,the other clon1ng vector systems. )\EMBL3 vectors have a large capacxty ';

.[9-22 k1}obases (kb)] and a polylxnker sequence w1th unlque restrlctron
b-;s1tes flanklng the central fragment. Flgure 5 shows - the organlzatlbn
Y of the‘KEMBL3 DNA Due to the Spl* (sensitive to P2 1nfectlon)‘
phend!’pe of the wxld type, conferred by red and gam gene products,’a.
;thls phage cannot grow on. the P2 lysogen1c E.colz host straln. ance
rthe two genes 11e “on the central stuffer' fragmen; of the phage,
‘replacement of these fragments wlth 1nserts would result ‘

1n Spl phenotype Therefore, only the recombrnant phage partxcles can

’%grow on the restr1ct1ve host (P2 lysogen NMS39 E.colr straln)

",°Moreover, the Ebo RL/Bam BI double drgests at the polyllnker seguences'.

<

‘prevent the lxgatxon of the stuffer fragment to the arms and hence
_ellminate ‘the - requlrement for the purlflcatlon of the arms N
(Fr1schauf et al., 1983) " To ensure'the representatron of

'approx1mately 99% of the human genomlc DNA, at least 8x105 pfus were

- obtarned. Th1s 1s assumxng that ‘the human Sau 3 fragments averaged

R

. B
'about 17 kb in 31ze._ For large scale lxgatlons and packaglngs, the

]

7..rat10 of. 2 (arms) 1 (1nsert) yrelded about 4x105 pfus per Slngle

‘packaglng extract. However, a total of 1. 2x106 pfu f:om the

o ’ )

3unamp11f1ed lxbrary were’' screened (as descr1bed in Materxals and .,r“

M@Fhods). For statlstxoal purposes, the use’ of the unamplrfled 11brary

: to 1solate the human 11poxygenase qene was preferred over the .

N



0.

%

follé\ung the"

(Pnschauf et al., 1983).4 Bands labelled 20 kb..' '

‘a

W

atm, respect 1vely

The 14 \rkb stuffer reglon,

J

. I‘«‘l

DNA w;.th Eco RI and Bam HI restncuon,f enzymes

eont_ammg zjedjand ~Z,gam‘ge,nes,

N

.“,».

uble-dxgestlon of the phage

-.r;

and 9 kb represent che left arm and the nght '

xs removed w

' ..‘aii__'llbv.'vf.'fétl insertion of foreign DNA.
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~amplified. . The: latter was aliquoted;and-stored at:4'ceforyfuture'uaeé

oA

"n_'nabbxt Lapoxygenase Ptobe é A one-kllobase rabbxt lipoxygenase cDNA

E o

u-;fragment, kxndly provxded by Dr. R D G1etz, was used as the probe.
- Fractxonated rabbxt retxculocyte mRNA (derxved from rabbxts made ”

-"severely anaemlc by phenylhydraz1ne 1njeqt1ons) was utxlxzedéas the

LN

'vtemplate for the cDNA synthesxs of the lxpoxygenase Eragment (Okayama

e

'1and Berg, 1982).; As proof of 1dent1ty. the cloned cDNA was able to’
f'select the tabbxt reticulocyte lxpoxygenase mRNA from the total RNA

poolr The cDNA fragment, bound ‘to nltrocellulose, was hybrldlzed t%

e

",mRNA 1n solutxon and the fllter extensxvely washed Subsequently, the4”«7

umRNA wasg released from the hybrld d ttanslate -ip a cell-free system

(retxculocyte lysate) as descrxbed by Manxatzs et %gb (1982).- The.

"H=tesultant proteln had 1dent1cal magratzon propertles as that of pure

v

'"]ret1culocyte llpoxygenase on 'SDS polyacrylamlde gels (F1g. 6).. ‘The
'!

ichNA was cloned in a pUCS plasmld derlvatxve, pSVBB. Northern blot

.'analysxs of the polym(A)+ mRNA was carrxed out usxng the llpoxygenase _*

_ cDNA (MR7-xba ) fragment. The slze~6§‘the;transcrlpt»was.estzmated at
: 2 5 kb (Flg . 7) . . ,»‘ ,l 7 - _ ‘ . : C

.{'A‘_ \

Follow1ng the ‘ipitial screenlng of the ‘A human lxbrary thh |

3

fthe MR? xba fragﬂgtt, thrée putatxveaﬁlpoxygenase clones were o B

1dent1f1ed Two cydles of rescreenxng verxfxed the homology of these

recomb1nants to the xapbitmllpoxygenasé cDNA.’ Lysates obtalned from‘.'

single plaques were used tohxsolate DNA from these recombinant phages.

. W

’Sal I endonuclease restrxction of these clones, hencetorth desxgnated

v" )

"as A2~A1, A2-41, and A3-B4, was carrxed out as - descr1bed 1b Materxals

and Methods.v_ Thxs enzyme cleaves the ADNA at poly‘

ker sites flankxng

the middle fragment, thefeby excxsxng the entzre hnma_'DNA clope.
. . B . '.“‘.':. e .

A '--.,:*._

"% L
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’

'Pigute 6 Posxtlve mRNA selectxon by rabbxt ret1culocyte o

lxpoxygenase cDNA. The 1dent1t1es of a number

‘ 'of ‘¢DNA clones uere detetmxned by 1n v1tro

L t:anslatxon of hybxxdxzatxon-selected

complementary mRNA : Clones MR7 and HRS conta1n

cDNA 1nsetta codxng fo: the lxpoxygenase gene.

The blank lane represents ‘the translatxon

2

’ products of transcrxpts endogenous to the rabbxt
i”_retxculggyte lysatew‘ Trenslatlonal ptoducts_‘
. f?om Eétal,mRNA]fradﬁion'are'depiq;ed in che"f"

~n3ﬁl lane.;ane'hybrid-éeiectien qun3NAelﬁ
'f:éoﬁp1enentnry§;efa nfféerenn'poéh;etienfdfneDNA;v

.-A‘whilefeerVingvas;an'inpegtnnn'pqéitive-édnerbl

fetiﬁne ee;eétien breCedunef:iefnotssnewn in’f

. tninviutoigdioétaph (F{gpnefkindly cene?ibueed .

by Dr. R. D. Gietz).
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- rxgure'7 Northern blotvanalysis of lxpoxygenase mRNA ;2: ‘ - -

| _' ﬂg of rabbn tet:.culocyte polyadenylated mRNA o T | 8;

ff was: electrophoresed on a formaldehyde ‘gel. and |
1blotted ;o~n1trocellulose,'then probed thh ;he«;
vMRT cDNA 1nsert. The l1poxygenase mRNA 1s

»

.approxmately 2 5 kb in length (ngure
. \

generously contnbuted by Dr.\‘R. D. G1etz )






‘_{Hf:ajfrnéﬂ{:..-;“it.-bi:'e :‘fjfgf gl}_,
.Iﬁawrts from AZ-Al and A2-41 seem to have an znternal Sal I site. each. -
'ﬂ_ whereas thekhuman DNA from A3—B4 was excised as.a s1ngle fragment._ The- .
"elisxae of the sequences cloned varxed frdm 17 kb (A2-A1) to 22 kb l: 1f3'
(A2-41) stng Ac1857- Hind III as a molecular welght standard jﬁe

_—- -

_size of the A3~B4 1nsert was calculated to be approxxmately 19 kbr

s

;.Afnestrict;on lap d T ‘ 1 : -. Tl

. L o ‘ T : : » . ,

- The first step to eluc1date the structural organlzatlon of -;>
-the cloned human DNA sequences homologous to the rabblt 11poxygenase
f‘cBN&xmms to construct a detalled restrlctxon map.;,;p

Restr1ct1on si!bs ;ere maSged By analy31s of DNA fragmentsv
:produced by sxngle- or double-dlgestlons w1th varlous enzymes.:.
_uﬂowever, to nap a regxon whlch spanned almost 30 kb of the humanb;
“genome proved to be both tedxous and txme-consumlng. .Therefore/,én: o
:--alternative-method, known as.Southg:nﬂzross‘Mapping*Systen;);as_ |
‘employed wh1ch elxmxnated the nece931ty for subclon1ng.r lnitial
"‘tobservatxons from Bam HI, Bgl II and Eco RI dzgests of the )\clones :
~showed that A2-A1 and. A2—41 carrled DNA sequences that overlapped

vextensxvely. A3—B4 1nsert overlapped to a lesser degree (Flg. 8). _]

"~ After restriction dlgestlon thh several other endonucleases, a | 3
o ’ ) SRR . R D
vrud1mentory-map:was estabixshed._ ‘ ‘ L e ST
Analysis of the Southern Croes Bybrxdxzationa - ;, o ' JTQ:'

By usxng the Southern Cross Mappxng System, the order of.-f _,}
) C e RV
-lcertain ambxguous sites on the Map was clar1f1ed. ance a large region

of Az-h1_overlapped with A2641,:0nly the latter and%A3-84‘were selected r )
" for thQ'experinent. o



" Pigure 8
igure

s

Restrlctlon d1gest analy81s “of AZ—A1 (1), A2-41

f(z) and A3-g2 (3)._ Approxxmately 1 Mg of each: ?~”
“DNA sample was dxgested with specxfic enzymes

'2and electtophoresed on a 0.4§’agarose_gel.

‘ Ac;857;dige$tédfwi§hiHin&LIiI-ée;veo as a:size,

ma:ker; Comigrating'bAﬂdé infaiétinct clones ..

:  d1gested thh 1dent1cal restr1ctxon o

-8

vendonucleases reptesent homologous sequences and

'provxdevevxdenceafq: extens1ve overlap ‘of the

Wf'three'humanﬁgenomic iipoxyqeﬁase clones.

v
v
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_' ,Followmg Sal I dzgestxon and punflcatxon fmm 1°"‘melt N
No R o ‘
\:agarose, the mserts were cleaved by Bam BI, Bgl II, Eco RI & Hind'

v el )

S enzymes._ ‘i‘he exact s:.ze of each fragment‘was determined Care waa\
| used to. avoxd doublets that could not be— re;olved easxly. Gel"
. :i,electrophoresxs and transfer of eaqh non-rad:.oactxve dxgeet to. dene1:
_‘.'Scregx Plus membrane was performed as descrzbed in Mateﬂals band
Methods. These mA fragments were permanen;ly bound to the fxlters.
;:Sal I fragments ot’ 1\2-41 -and )\3-84 were d;gested 1nd1v1dua1ly 'thh ey
""Eco RI, end-‘labelled and e!‘ectrophoresed as descnbed earl:.er (Note'
L Non-radloactlve Eco RI dxgests were used as. poeltwe controls for the A o
hybrldxzatlon procedure). Labelled fragments were transferred to Gene B
"--.Screen membranes wh:.ch allowed the DNA to be eluted under prescrxbed
_"_condltlo'ns and he ce, b? serve-as hybndnat:.on probes.‘ To detect
homolog*s sequences, Gene Screen Plus membranes w:.th non*radxoactwe ' R
o fragments were sta::ked over the Gene Screen f1lter.'nta1nmg the
“labelled fragments) at a 90‘ angle. ‘Under condltxons whxch promoted
N both the release of rad:.oactwe fragments from _the Gene Screen -,‘ ;, _/
' "'-membrane, and hybr:.dlzatxon of homologous sequences, labelled DNA o t
"dlffused through the layered membranes.a Followmg washmg and thel :
'-'autoradiography of the ﬁllters, labelled fragmente whlch had 'located"
g_homologous aqueme&—mm r'a’diB'eT&we samples appeared as -
’:‘hybndzzatmn spots" (P1gs. 9 and 10). -Onlynrepresentatz.vei-
'autoradxographs are shown m thJ.s text, Clearly, the hybrld:.zatxon of:
'_radxoactxve Bco RI fragment (13-84) to the unlabelled o | | ."
"‘M-M Sal I/ Eco RI tragments would produce a dxagonal array of spots ‘
': (ng. 9). The methodology to work ou;.&she sequence J,of reatnctxon

.sxtes_ is. sch‘agatlcally ptesented in P:l.g., ,1, _based- ‘on ,,the'.da,ta.f;m‘ .



ix!"1._<_:'|ure 9.

) dlgest of )\3-84 Sal I fragment (I), -

Southern Cross analysls of A38-4 ‘sal I/Eto RI

dlgest. Autoradlograph of the 32P—dATP Eco %iﬁf ' U S

' eross-blotted to the unlabelled A3—B4 Sal I / i:) T

~'d1rectzon of DNA mlgratxon. 20* and49*.kb' »lr"'-.‘

IEbo RI fragments (II).. Arrows lndlcate ‘the

V fragments represent A.left arm and rlght arm,

'respectxvely. The l1near array of hybrldlzatlon

."spots is 1nd1cat1ve of absoluté homology between._

"~ ‘the’ cold DNA and~radmolabelled probe(in thls

'1nstance.f
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"‘grxgure 10 Southern CtOBS analysls of )\3-84 Eto RI and
R3—B4 ‘Bam HI dxgest.. Auto:adlograph of the’

Southern Cross hybrzdlzatlon of A3—B4 Eco R

d19e5t1°n Of Sal I fragment (329-1abe11ed)(1)_.” -

«thh A3-a4 Sal 1 Bam uz dlgest (n).-. The
“f arzows 1nd1cate the dlzectxon\of m1grat1on of
‘DNA on. the aga:ose gels. Aazms are marked by
: (‘{; The xnte:ptetatxon.of thls autotadlogram

fxs prOV1ded 1n the text and in. Flgure 11







rigure 11 §chemat1c mterpretat:.on of Southern Cross o

‘»'.A

Mappmg R The 32P-dA'rP end labelled of "Eco’ RI

‘J o

\/ .
dxgest of /\3-84 Sal 1 fragment s(I) P

My

cross-blotted to. non-radxoactlve _'

A3-84 Sal;zI Bam HI fragment (II).‘.' Arrows

FENT VI

s o a
(*), the)t

»

iﬁxgate the dxrect:.on of DNA nugratxon and

(‘r) matks the start:.ng pomt

: .xthat'. ‘can' be- 1tranly asexgned thxs -

o

.~

Bam BI fragment .
oy

3_1

Cane. . Ce '

"t 'hybrxd;zatmn spot" sxgnxfxes the cross

,v v"ﬁ‘omology between the 5 3 kb Eco RI fragment

L ia not Wlogous to any other Bam fragment,

J.t 18 oonta:.ned entxrely \uthm the 7 4 kb

'rhese spots can be covered

vertﬁ.cally and honzontally.. In th:.s case,

: and the 7 4 Eam HI fragment. Smce the former

E

the

/é(choxces made depended on the map posxtlon of

.

’o_:'tnerestrxotxon ;ragments. w;th-z respect ,tq -

o :the/\.armsv.'.fsee Pigure 10 for 'ao‘toredioga'ph‘. e
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.» the autoradrograph are oovered An the dxrec‘:lon of the arrows. L

LR

Methods). The one-kllobase rabb:.t 11poxygenase cDNA fragﬁrgt was used

mg. -10 'rhe startmg po:.nt has been 1nd1cated by (f). Th:.s spot v
represents hybr;drzatzon between the 5 3 kb Eco RI fragment (E- .3) and

the 7 4 kb Bam HI fragment (B- 4). ance E—S 3 does;not hybrld:.ze to

any other ﬁam HI fragment, it seems to be oontamed ent:.rely w1th1n

: 8-7 4. Fxgure 11 (B-D) shoks the sequentral oonstructxon of -

' transferred to Bzodyne%ﬁéhﬁ’ranes (ds *des&rzbed in ﬂa‘&rx‘glg';and

. to probe the f1lters.,, Flgure 13 depxcts the homology between the

)\3-84 Ego RI and Bam HI maps relatlve to one another as all spots ‘on

L

- The detailed restnctxon maps of )\2-51, /\2-41 and g%m are j e

1llustrated in F1gure 12

Characterizatxon of the tranacnptxonal unit(s) '.' ;f-,-' o
'rhe rdentz.frcatron of oodmg regxons in the three human

hpoxygenase clones was garrled out. /\2-%1 )\.2-41 an »‘2\3—84 were all
— TR e e N Y I

Ldrgested w1th d1fferent restrrct:.ofﬁ;é?gdohucleas%@ele.

Ko

.

rabbxt lxpoxygenase fragment and the putatwe human hpoxygenase

sequences. _' It is’ of mterest to' note that certém bands%;‘tw t
' Wk d

A2-41 Eco RI fragment (1) and 6. 1 kb A3-a4 Eco RI, f.;agmnt;‘i@a]

' J' @ G

aeemed to ahare less homology wrth the probe. _ The~s:.gn1f-1cance of this -

pomt is dxscussed later. 'rhe fxnasl analysrs of several Southern '

Lo

' Human genonic Bouthern analysia

transfers ooncluded that an 8 5 kb regxon of /\3—84 and )\3-41, and a 5 S

kb sequence of /\Z-A‘I hybnd:.zed to the MR? Xba I fragment (Fxg. 12)

. J

Human and rabbxt genomlc DNA were dxgested ‘with Bam HI,



S

o

. Pigure 12 ‘Restriction’-maps of -;\2.-'1;1 A2-41 and A3-B4

'E’Hatched box repzesents the human lxpoxygenase

cod1ng reglon homologous to the :abbxt cDNA

: ﬁ:agment,_ In A3f$4t.a Bam 81 sxte,'unxQue“to-”

R

“the clone, is_depieﬁeéfa; £he‘junc;ion'df ;he"_;

",u_ e »restrlctlon gite could be due tgythe re~
: construcc1on of the Eam HI recognxtxon sequence

'at the polylxnker szte o: 2 polymorphxsm., o

,ﬁﬁ%_"

right“atm‘ahd'ﬁhe_inSert. The presence-df'the e

B



- nes 4® 7 -
HPUH § -
N | EWWM& o -
CHwed 4
wie by vy
wie eI v

CoeseZ oy

ry

N

L T

N

PR | S 2.9 ey e

R S T T2 T S SR




rxgurel13 Southern blot analysxs of the‘three human'
»lxpoxygenase clones.- 1 Ng of. DNA was
"’f‘ 'restr1cted, electtophoresed on-a 0 4% egarose :L,j-”
g'gel and blotted to ondyne membrane. MR?--xbe> Ad
fragment was used to probe the fllter. Bands 1
“and 2 are fragments that share less homology
to the probe srgn1£y1ng the possxble presence ‘;“
”eof other sequences in the qenome thac are. |
' telated to the retxculocyte lxpoxygenase.‘ The
L .gh;‘ ;weeﬂkhybr1d1zatron s1gnal can ‘also relate to
*_jnon-codrng reglons of the lrpoxygenase clones.-

':_Moleculat size markers were generated by

Hznd 111 dxgestxon of bacterxophagei\
¥ B T e v

C
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:‘, - . e e n‘fv L . 8 o . L » .
._Bgl II, Eco RI and H.md III restnctxon endonucleaaes.__ The

.;. hybndxzauon of the human DNA sequences t:o ;he MR? -xha I fragmem-_ was L

.m.

,Seompared to that of the cloned human DNA mserts ('I‘able 2). . e
. ‘,“% ; “ ; o 0 :
. purpose was to determme whether eny DNA rearrangements had Occurred

- ,-'. -4
et >

| hybrldizéd t:o the-,probe. _ In the Bgl ];I d:.gest: of human DNA, a majot

-

B nd of ’t.he recombmant phage >\3-B4.

“In the E:co RI dxgest B

”an E'éa RI f_Agmen,t qommon to both /\2-41 and )\3-84 ‘Bowever, certain

'.--.-.;» g “,

B dlscr,eganca.es ‘preira:.}.ed Appearance of a éew ‘bands, unaccounted for,

,,,,, . . ‘,.)\

i«‘_":; could relate to mstnctlon sxtes that were 1ocated outsxde of the

cloned reé‘xon, as in- the case of a 15 kb genomxc Bam HI fragment (Fxg.

_'»»__._.b

L 15 £ 1).-. Furthermore, the 10 5 and 6 4 kb B_:Jl II fragments of r.he human

DNA samplea were bands that mterestmgly seemed to share 1ess homology B

‘

}with the%? Xba 1 probe than the 14 kb agl 11 fragment. . %x)mla:ly, Lo
. '

the signal Hor: t;;xe human 5, 8 kb Bam: BI fragment is not as strong as EOr

:'thv

- 8 kb Eam HI b&nd.." Tne rabbxt genom.c DNA fragments seem to have the _

8. The 1ncerpretat1ons and the Implxcauons of '

theae results ate dxscussed later. S e



rigure 14

Southern blpt analysis of human and rabblt ;4

*_n'genomxc DNA. 5 gg of DNA was dxgested thh

*'0 4! agarése gel and’ blotted to Gene Screen

——

'7restr1ctlon endonucleases, electrophoresed on a

B

'“Plua membrane. The probe was the 1 kb rabb1t

“1hret1culocyte cDNA fragment.j Strong

' - Bam ax, 15 kb Bgl n, and 3. 35 kb Eco RI bands‘ -

l‘correspond to xdentxcal fragments from the

7l‘hybr1d1zatxon s1gnals such as the human 10 kb

"_Southern blots of cloned human DNA fragments.

The weak sxgnals, on. the other hand, are noted_t

- ﬂfraqments that share less homology w1th the o

15cDNA due to e1ther the preaence of ﬁgrge

' ’regxons that are not transcrxbed or. sequences"

‘that ari dxstantly related to the eetxculocyte_"

‘lipoxygenaeeacDNA.
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‘ ﬂfrigure 15 Genomxc :estr1ct1on map of human lxpoxygenase.

(L

K

V' 111ustrat1ng the human DNA fragments &——-¥—¥¥X'

o — .
'that hybzxdxze to the rabbzt lxpoxygenase cDNA ‘e

Only relevant restrlctxon sltes are shown. 'Theﬁfb

vert1cle llnes dellmit the regxon of the genome;.-"
that has been cloned 1n.AEMBL3 Fragments - 5 7"
e are furthe: elabo:ated upon 1n the Southern

S L uqtansﬁers of genoqu.and,cloned DNA (Table 2)-uﬁv
e U S PR S

&
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.. TABLE 2 Companson of the hybr:.dxzatxon patterm ﬁtween S’outhern
L '. ¢ o .- s s '_.
tranafers of genomlc and cloned hum,at?’DNAa o fr_:: "

v
P

 Size of the restriction ‘fragment. . Ge,rr&mxc DNA C]_.Oned'DN'A -

7 .p .strong .. strong

o .,;stﬁr\ong__.

14 kb Bgl o (’5) 7 dte . strong . ULSEROMGs .o T
10. 5 k'a agl I . weak . strepgdi.. 7
6 4 kfs" Bgl T o weak . . strongd M

Lol N " B ‘

x0T
t.__g Y,

, Car Both Soutlfern blots were probed w:.th the one kllobase rabb:.t

-i . ‘r et 1cu locyte 11poxygenase cDNA.

IS

&
ob- 'Rbfers to the radxoace sxgnal ile. the degree of homology

' f'between the fllter-bOun fragments a'\d the probe. S ,‘ e
c: Numbers m brackets relate to specxfxc fragments dep1cted 1n the

.restnctlon map of llpoxygenase reglon of human genome (Flg. .15)._"

‘ : d: 'l‘hese twonands from )\2-A1 and )\2—41, shown m the Southern transfer

,-of the cloned DNA (Fl.g. 13) represent sequences that extend 1nto a’. . »_'.-

l

' 'Bgl II sxte at th’z 5‘ end of the J\ r1ght arm and hence are not ‘

. 1dent1cal to the genom:.cg 10 5 kb and 6 4- kb Bgl 11 fragments.

ND: ,Qt detected

UV



': transcrzpts in poly(A) mRNA from rabbxt retlculocytes, human“dllf

- northern blot analysza j.:"?dﬁﬂ frjlf"ffv_A: "1" ‘;Zj_,f'&lvzjfﬂ

A 3 35 kb Ebo RI fragment (Fxg. 16) that hybridlzed o - the ;ﬂ

B *

”'l rabb1t cDNA was. olxgo—prxmed and emplsyed to detect lxpoxygenade

I
“

retxculocytes and RNA.from the T—lymphoma cell lxne Jurkat. Tl
: ,Q\ B A ¢

'f Hybrldlzatlct~:3‘§pec1f1c mRNA appeared as a requxrement to ver1fy thelvf

F.ldentxty of these putatlve human l1poxygenase clopes.f"! *.i‘"-fwaf,"'/

w4

g The scarc1ty of the'human retlculocyte cells (from anaem1c~f‘t:fv
' blood) and hence the mRNA, proved to be the major dszxculty 1nr..

' analy51ng the transcrxpts of the gene in. quest1on. All RNA fgolat1on,'fiiv

gel electrophore91s and Northern transfers were carr1ed out by Dr..R'

‘ D. G1etz and the results from h1s research were kindly donated to be_ffﬁ, :

1ncorporated 1nto thls work.p

PRI . ."

After purlflcatlon procedures (see G1etz, 1984), a total of l_tf'

:»:<10 ﬂg of poly(A)+ mRNA from human retxculocytes was obtaxned and

%

' subJected to formaldehyde gel electrophoresxs and subsequent Northern 3

transfers.- Fzgure 17 shows the autgrad1ograph of the Noethern blot

v3‘$robed w1th MR7 Xba I fragment.. Rabbxt retlculocyte4ﬁBNA was lnbluded;f

Ay

"d as the posltxve control (lane 1) Evldentlyr in?fe xs strong homolOgy“f'ﬂj

between the l1poxygenase cDNA ;?&be and a 2 5 kb tranecrlpt._ In the

'same lane, accumulatlon of RNA degradatlon products can explaln the
appearance of smaller transcripts.- RNA from the human lymphoma

? cell 11ne was run 1n lane 2 to study the presence (or absence) of the

llpoxygenase message 1n cells other than retlculocytes.: Flnally, < 5
Hg of human retlculocyte poly(A)+ mRNA was Loaded 1n lane 3. .A.Z:S-kb{*

mRNA, correspondlng to What has been shown Rk be the rabbxt

v‘retrculocyte lxpoxygenase transcrrpt,;was onErved.

;- '44; _“
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o “9“" 16 '..‘C.l‘?“.ve‘.’ .fmﬁﬁnj ,11'564‘5{'9@58? f:aEgrﬁén;é: ._F(xls.evdv-. to
o 'teProB_g:" theNorthern tfah;fjéié. (a) 3°0bp
mn ;».i f;?@l‘ﬂ;hfz,-.éoﬁﬂbh;‘t‘c;j'-éll_ 73',155.‘32;';,7. \/
e . ;.)‘3‘.3'4..-. : Only the ;éléVan_t' restriction i,‘:sit.és. -
on the )\13-,54 map avr‘é* showﬁ,'. = SR
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‘pigure 17,

Northern blot n- 2-4 ,49 of mm from rabbzt

r;tzculocytes (lane 1), the human Tblymphoma .

. cell-lxne Jutkat (lane 2) and the human

:d{:et1culocyte P°1Y(M+ RNA vere electrophoresed

" on al, 5% agarose formaldehyde gel, blotted to..

1

‘hxtrocellulose and probed thh the rabbxt

'tetxculocyte lxpoxygenase cDNA. Smaller‘ .

";t:ansctxpts in lane 1 are lxkely the :esult of

f»was the genetoue gxft of Dt. R. D. Ggetz.,

the bteakdown of full l.ength mRNA The blot =y
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.ﬁ~‘ﬂowever, the 3 35 kb Eco 'RI fragment dxsplayed an apparent

47

The 3 35 kb Eco RI fragment was: utllxzed to probe the second
.

fNorghern blot (Fxg.‘JQ) As w1th the Northern transfer i1‘1n Plgure }’v
B f17, the presence of the 2 5 kb transcr1pt was conf1rmed in rabb1t and

'human reticulocyte mRNA samples (lanes 1 and 3, respectlvely)

non-spec1f1c b1nd1ng of the RNA from the cell lxne. A posslble gt

explanatron would be the presence of a repeat element 1n thls probe.sAH
,In ‘an effort to shed 1lght on’ thzs matter, the genomlc Southern blot.'~~

{was strxpped of ‘the MR7 xba I probe and rescreened w1th the human DNA®

e

R . :
'_fragment.

Coae
3

Reprobing the genonxc Southern vzth the 3 35 kb Bbo RI fragnent

The rabblt cDNA probe was removed from the geqpm1c‘Southern
: } . . .
'-blot (F1g 14), us1ng 1/20 dllutlon of the Str1p buffer (SOmM Tris. HCl

7

P el
- pH 8, ZmM EDTA, 1xDenhardts"solut10n and 0 5% Na pyrophosphate) 1n'€

\l

ijGB C waterbath for. 2 hours. w1th gentle agxtatxon and one solutlony/ﬁv
chanqe. The blot was exposed to x-ray fxlm to ensure the complete 3/}
& . .

removal of the fragment. After prehyhr1dxzatrony the f11ter was j? ,
: : g0

,hybrxdrzed to the human 3 35.Ebi§n; oLigo-labelled fragment fof 129 ‘ a}

:'hours. Followxng the washes (as des_rlbed prev1ously), the blot was:

"re-exposed to x—ray f1lm at. -70 c and developed after 24 hours. Flgure

- 19 lanes Hl 4 rndxcate the hybrldlzatlon pattern of the human genomxc'h’f~

S DNA to the probe._-Undoubtedly, the 3. 35 kb Ebo RI £ragment contaxned

sequences from 2 repeat element whxch were absent 1n rabbxt DNA (Frq "‘”

vﬂ19 lanes R1 4). The presence of repetltxve sequences spec1f1c to the

3 _hunan genome, such as the Alu famrly, can explaxn the result obtaxned.

W

. i'qg/'l:i ) . . Y et 4 ‘_.' . - I /7‘

Y A ST



ngure 18 Northe:n blot #2 The autoradxograph dep1ct1ng :

"the hybtxdxzatxon of A3-B4 3 35 kb Ebo RI
ff:agment to :abbxt (1ane 1), human T—lymphoma

vcell-l;newJurkatcz),and retxculocyce-(3)
l"POIt(A)*-RNA; 2 5 kb band, correspondlng to o
:the 31ze of the 11ppxygv

.

g et al.,"1982), 1s decect, 3
retxculocyte RNA fractibns-\:Theipxesence'of‘a',
| . . - Ghaant ol

‘.between the p:obo and the populatlon of mRNA
from these cells.; The RNA blot was the kxnd

gift of D:. R. .D. Gxetz. P






rxgure 19 GenomIc Southern blot of human and rabbxt DNA,

reprobed thh h3—B4 3 35 kb ‘Eco RI fragment._u‘. ;

Q-

The prev1ous probe, MR? Xba T fragment, was‘

9

removed by the 'strlp buffet at 68 C (Lane
? 1-“Bam BI, 1ane 2. Bgl II lane 3. ECO RI and T
?1ane 4: Hind III dIgestxon).‘ The. apparent i

oy

non-spec1f1c b1nd1ng 6£ the probe to the human

ji.IrDNA is due to the homology between a tepetxtxve
v:element in the human DNA fragment used as the -
.probe and correspond1ng genomxc sequences. ‘
‘.TS1nce the repeat element is unxque tb the human'

_DNA, the - presence of an %lu repetxtxve_

sequence is" proposed

'
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";,riguze 20 Hybrxdlquxon of the human Bgl II ftagment

- SN _ R
the Hﬁ7 radxoactxve fragment from the two_gy,""”

'.‘ ,v,-':_ (.f . R

. blots, A3-84 300 bp Egl II fragmen: was used ETE

to teptobe the fxlters (A and Bh[:espectxvely).'
The presence of the 2 5 kb lipoxygenase mRNA
. was confxrmed 1n RNA fractxons from both rabbxt ;
}5 and hnman retxculocytes (Lane 1, ‘A” and B; lane f
3, A and B, respectlvely).: The-ptobe dxd not
-'ehow any homology to. the T-lymphoma cell-llne
i7RNA sxnce xt was’ specxfxcally selected ‘to be
devoxd of the repetxtive element found 1n the A.i

"'3.35-kb Ebo_RI:fragment.:o‘f" 'ﬁp}'

to No:thetns 1 and -2, Fbllowxng the removal of -






o LScreen1ng of uorthern bdots u1th a hu-an ny It*

‘Ffragment contalned sequences from a repeat element. Attempts to purxfy

After a 20-hour exposure perlod the fllms wert7developed %Flg. 20»33 Lo

’corresponded _o that of the llpoxygenase mRNA.f Thexabsence of“;

In the lxght of the evxdence from Nort,eqnvga (Fxg. 18) and

f

.‘_the qenomlc Southern (Fxg. 19),.1t was concluded that the 3\3SVEbo RI

a‘- e

}
'

.another human DNA probe proved successful.» A 300 base palr Bgl II

k3

: fragment (Fxg. 16) that. hybr;dlzed to the MR?-Xba I fragment but not to
7fthe 3 35 kb frqgment was selected as- the probe. Northern blots t1 and "

»‘#2 were str1pped of ‘the MR?-Xba I fragment and the 3 35 kb Eco RI

» 1

»'probe, respectlvely (as above) and hybrxdxzed to the Bgl Ii fragment..f

e

n? : ‘
‘size of the two transcrxpts 1n IanES 1 and 3 once agaln:

s

. _'\“

hybrldleng transcrlpt from the cell 11ne RNA was noted and 18:'

belaborated upon in- the EOrthcomxng dxscussxon.~ .

A

51



Cola

Characterization of the hu-an l;poxygenaae clones

Three )\clones carrylng sequences homologous to a rabbrt S

_&pcyte lxpoxygenase cDNA have been 1solated from a. human genomlc:

;f11brary and the 1nserts mapped us1ng varlous restrlctzon endonucleases

G, .

-as well as a novel Southern Cross Hybr1d1zatlon technxque. Th1s methodin_

of mappxng proved to be very useful slnce severalNdlscrepancxes';fﬁ

«relatxng to the order of the restr1ctlon s1tes were resolved 1n a shortf

”;perzod of tme.Extenswe overlappmg regxons have been detected in

"KZ-AI, A2-41 and A3-B4.‘ It is therefore proPosed that all three ';*"

‘.

'iznserts span the same regxon of the human genome. The codlng

%.sequences' have been partxally lgentifred;pslng the cDNA as the

'“llxpoxygenase probe, however, thxs fragment does not represent the

f,full—length cDNA of the llpokygenase message.. The.S’ and the 3' ends - ;

:pof the fragment have not been determlned, and 1t 1s therefore not -

i:_ﬂfea81ble ‘to” a381gn the transcrxptlon unxt(s) xdentlfled to d partlcular
, o ® LR

ﬁl;end of the*gene.' On the other handl the presence of 8-10 kb on exther -

14_31de of the codxng regxon ralses the possxbxl1ty that a- complete=
‘5lxpoxygenase gene has been obtalned. The search for a full length

clone from a rabb1¢"cD,NA ll.brary 1s underway as 1ts avaxlrblhty would

‘fac1lxtate future researcha

d, to verxfy the authentxcxty of the cloned human DNA in )» as there -

'.fwaa concern abo;:\éhe poesxble recombxhational events between 2

;dltferent DNA. molecules that 1nfect the same rec A* bacterxal cell,

- - S -

The Bﬁman genomlc Southern analysxs was ' carr;sd out prlmarxly‘

* B . 4 . - N N .

CERAN C o T .. : '
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result1ng 1n extens1ve reartangement of the cloned DNA. Rgpetitlge.
: . AR & i ~ PR

B Y . 'V'.

f‘pgsequences, l1ke the Alu elements&present 1n the human genome

'{5°{Je11nek et al., 1980),'1ncrease the probabxllty of homologous $ﬁ- B

R . “ e
e recombxnatzon. The comparxson of the HR?-Xba I f:agment hybxxdxzatxon <l

'“to the cloned humun DNA and the genomlc DNA would, 1n all lxkelxhood,

b-f”ldentify any alterathns. From the ev1dence deplcted in Fxgurea 13 and

' 14, the 3 clones seem - to represent unmodxfxed human DNA sequences._ All

the restrxctlon fragments hybr1d1z1ng to. the cDNA probe a:e accounted
yfor in- the genomlc DNA Southern transfer (Flg. lﬁyand Table?Z),

- ) R e R
"‘m of the lx:&ygenase transcnpt IR

The lxpoxygenase mRNA is’ detec;ed %nkl

. T
f1n m turlng retzculocytes, but erythtocytes are“

kavxvely hlgh amoqnts-

v
lmost completely MLUJﬂ‘“

dev01d of the message. The presence of lxpoxyge ase transczlpt from
yhuman and rabbzt retxculocytes and the T—l;EEhoma cell lxne Jutkat RNA ‘
‘pod&s has been analyzed in th1s study. . e

Rabblt ret1culocyte llpoxygenase cDNA probe selects a 2 5 kb
e . s
ijNA from both human and rabbxt ret1culocyte poly(M+ f:act1one (Fxga.
. . .\ . )
"17 and 18). The cha1n length (1n nucleotxde resxdues) of thé

'11poxygenase message has been calculated to be between 2470 and 2647 as
T B e
: deduced from electron-mlcroscopy and Sucrose gradlent centzxfugatxon

f‘technlques, zespectlvely. By polyacrylamxde gel electrophoresxs, the .
! R } 1.
s1ze of thxs ttansc:xpt has been est1mated at 3400 ﬁhses (Thxele et

_al., 1982). When a human genomxc probe was employed to detect the

"

”Vllpoxygenase transcrlpb from the same RNA soutces, the 2 5 kb, message,;'




s,

that hybndxzes to thsprobe was 1dent1cal m size to the 11poxygenase 5
- mRNA._ It ls therefore concervable that the cloned human DNAs represént‘,

,'_sequences that are transcrxbed, in v;vo, 1nto a specxes of RNA
: . Coa R R o

.gcorrespondlng 1n 31ze to tne known l1poxygenase transcrlpt.. However,

~

"vthe hybrrdiza,tmn pattern of; the cell 11ne RNA varres consxderablv from

probe to probe.: In contrast to. the absence of a transcrlpt homologous

: to the MR7-Xha I sequences (Fxg. 17 lanelffﬂ the A3-B4 3. 35 kb Eco RI

ffragment apparently b1nds the total RNA in a non-specxflc manner (Fxg. ;3
»18 lane 2) The ambxgulty wrth respect t9. the cell-lxne RNA human DNA
-ﬁprobe hybrzd1zatxon rs explaxned by proposrng that the 3 35 kb human -

q-DNA fragment contalns sequegges from a repetrtxve element. Several

. e L

‘familxes gf repeatang elements exlst Ln the human genome, lncludxng the v

4

“Long Interspersed Sequencq One (L1) famlly of‘genes whlch are - reported

H

,‘ to’consrst of potentxal protern-codzng sequences (Burton et al.,'1986)

‘ffThis element 1s found 1Q all mammallan genomes. The prese“

showxng that the repeat element 1s unlque to the human DNA Itihast"

’
%

.'::been shdwn that human Alu sequences ex1st as a subset of heterogeneous ~Z,
'nuclear RNA JhnRNA) moiecules (Jelrnek et al., 1980) and th13'can .

'explaxn the result obtalned 1n F1gure 18 lane 2 However, no ?;

-r conclusxve evxdence was obtaxne&-to cOnf‘rm specrgrcally the presence rn';
‘_'of Alu sequences._ Subsequently, a cloned human DNA fragment was SOught

v:without the repet1tive sequence (300 bp Egl II fragment from‘A3-B4)and
used to probe both Northern blots. The results are deprcted xn Figure
' 20 (A and B). The apsence of the lxpoxygenase transcript in the human: =

& 2L 3
] O
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Tblymphoma cell—11ne 1s nOt surprxsxng: 1n 2 study by Goldyne et i'JV:U

(1984), detect1on of 5-11poxygenase products was'attrlbuted to

a,

contamxnatxon from a monccyte culture.f The observat1o§f in’ thxs work

,seem to suggest that there 1s an - absence of llpoxygenase synthesxs in
'f; ‘the human T—lymphoqyte cell llne Jurkat.
A The appearance of an arachldonlc acxd 15-l1poxygenase pathway"

. ;18 observed in’ a human promyeloma, HL-GO, follow1ng tﬁ' dvfferentxatlon;~n

KaE

“of the cell l1ne (Lundberg et al., 1985). Th1s cell—culture orlgxnates-_ﬁ

from perlpheral leukocytes of an adult female w1th acute promyeloaytxc _'
. O :

leukemla (Colllns et al., 1977). Sznce promyelocytes are progenltors
of all non-lymphoxd blood cells 1nclud1ng platelets (Harrzson, 1982),-

‘.1t 1s suggested that a s;ngle cell system mxght be responsible for the ;
[ .
generatlon of the lxpoxygenase products (Lundberg et al., 1985). It

should be noted that sznce cell llnes a(e transformed and funct1on '
"abnormally, the T-lymphoma under study may not represent the regular

_ physxologrcalvprocesses-of lymphocytes._"’

Diversity of the l1poxygenase actxon-.. vf‘_~“. j. S e

v regardless of the fact thatgthey all medxate oxygen 1nsert10n at double

o bO"GE?Qf fatty ac1d “ ' peciflcity of each enzyme could relate to ;]’

It 1s rEported that ‘the act;vxty ‘of 5— 12- and 15 lxpoxygenase of

blood cells res1des in d1fferent protexns (Rouzer et al., 85)

xhx 1ts dual pos1£10nal spec1f1c1tych-12 a

aﬁ: heterogeneous COOH terminus ‘of the enzyme as’ reported by Ra-"
’.'_‘ . '.? .~ .‘.'. . ' . : . . + ;_’ ‘,'-'.’."l_‘ .



(1979) seemed to be the result of endogenous carboxypeptxdase . ;Tfff-

actlon leadxng to the formatxon of 1sozymes responsxble for the change Quf'

in posit1onal actlvxty..vLater, Kuhn et al. (1983) establlshed that thq’

»",/

'h character1zed Arach1donyl 5 lxpoxygenase and lxnolexc ac1d

two act1v1t1es are found 1n a sxngle enzyme and that the separatlon ofapiigf~

i » :
the two was not : possxble by Jsoelectrxc focus1ng., The occurrence of a;g o

lprxygenase specxfxc for two posxtlons of the Eatty acxd substrate rsff;if:"

a -

further supported by the report that - llpoxygenase products from potato”cAf]“

:.] tubers anlude both 5 and B—hydroperoxy ac;ds (Shrmxzu et al., 1984)

Purxfled rabblt retxculocyte lxpoxygenase exh1b1ts -"Crg:j;
O

i

yeukotrlene A4 synthetase act1v1ty (Bryant et al., 1985), a property 1n GC/A]~

«

cbmmon wzth the human 1eukocyte 5-lxpoxygenase (Rouzer et al., 1986)

but dxffering 1nf$\s1tlcnal actrvxty. Hence, enzymes from two

SRR SO o : R
dlfferent sources can Qfxllze the same substrate but there are

»7;

1nstances 1n whxch a, slngle cell type exh1b1ts two d1st1nct

r"

lipoxygenase act1v1 es.u In human polyporphonuclear leukocytes, two\

soluble lxpoxygenase act1v1t1es from the cytosol have been X ."(_,

.1; lxpoxygenase represent separate enzyme ent1t1es - Ca+2 is- requlred forv L

‘f ) J

'maximal act1v1ty of both, but w—6 lxnolexc lipoxygenase rema1ns

| relatxonshxp of dxfferent lxpoxygenases is a: defxcult task at th1s o

o \a&* i -
. ﬂ%age: however, 1t is probable that all 11poxy99nase enzymes have 1n ?""~

soya bean and rabbxt retxculocyte lxpoxygenase asnshOWn by the presence“

gartxally actxve 1n the presence of EGTA._ The hxgh degree of
specxfxcxty for uhe w-s poszt;on of ' 11nole1c acxd is sxmxlar to that of'
of 13-008 and 13~-08 11noleic ac1d products. There !s also pH opt1ma ."

variatxon (Soberman et al,, 1985).; To make a: conclusmon as to the

. a

R

common a functzonal domaxn thh varxabxlxty 1n other reg1ons of qpe
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'whuman lxpoxygenase gene from a genom1c lxbrary, consxderxng that

3
futther resea:ch rn thls dlreptlon uould a331st 1n the eluc1datxon of
s "'r" -~ L

._: o M ‘é
ﬁthe compbex relatmonships among var;ous llpoxygenases,; Immedxate
L 3 \," “oos AN '
J:efforts, ﬁoweven, should be concentzated on a more comprehen‘ive

X S . o
..,' n

:';dent1f1catxon"of che 1xpoxygenase clones at hand by exOn/xntron

.4,
'L i ' . 1,

'T]mapplng (uszﬁb SL nuclease) and eventualli sequenc1ng the genewﬁ One of

'l,'the pre-tequigxtes 1s of‘course the ava111b111by of a full-length cDNA

v

. whxch woulﬂ concutren;ly Open avenues for expresSxon studies.,g

';.- .-,-4'

‘~fA1ternat1velym_:egulatlon of a well—defxned genomxc Lapbgggenase clone

.J_ “ v

4T

R ‘ . S l W e

,IFHeLa cells). c D D _'{ SO ~.a‘ _

O Lo _,.‘ ‘-’ . ol L _.0 ..
e -"5 U e . N PR ] ! '_-". : . . '

lV;”v ‘_if An aspect of thxs work that deserveﬁ antenalon and“could

‘_.v‘

?prove to be\bery 1nterest1ng Ls che result obtaxned from the human and .

A -r- s

irabbxt genomzc‘DNA Sznthern blots.\ The’tranefer‘nae carrxed ont lﬁ fﬁ
{elnltlally to-1dent1fy.eny.bNA teae;anéemente 1p the 1aolated human
”llxpoxygenase clonés,- Apart from hynel;xzxng bands (homologous to the
;l:abbxt lxpoxygense cDNA) thac we;e xdentzcal to the cloned human DNA,

: : TR RPN

"‘certaxn novel bands were detected (Table 2) The xnxtxal assumgtxon

was that pe:hﬁps xhe resc:xction enaopuclease dxgestxons ot DNA samples"

B N A
. L

) " o

T Qcan be exaﬁ1ned A vztro xn ceztaxn mammal1an,cell-lines (f¢r example,f,_"f



tfrom both sources were part1a1 ‘After further cons1deratron, thxs

»

vaBBiblllty was ruled out “for several'reagonst Electrophoretxc analyseé

'1ndlcate qomplete dlgestron of the’ DNA samples.,,Moreover, the sxzes of :f‘ :

_,_’

. the bands witﬁ weak sxgnals (Fxg. 14) do not correspond to the sum of
' g

«

fsmaller bands w1th extended homology to the probe.f Flnally, ‘the i““":

/.‘ K

';appearance of severaL weakly hybrxdrzxng bands has been shown 1n\

\.

"sxmilar genomrc Southern transfer of rabbxt DNA (Dah Gxetz, pers.ij-~

,,vd

comm.). Even though there 1s an’ obv1ous homology between the human ando

/.,

'rabbxt lzpoxygenase genes, the 1nterspec1es dlverslty can be concluded :

‘ifrom the comparxsoh of the genomxc DNA restrlctlon pattern‘ vadently,

e Thls observat;on 15 also

lxpoxygenase, probed w1th_the same fragment (Fxg.z13, 1 and’ 2)

abxlxty to synthesxie proteln and ane therefore subject tOﬂ
R *

there are regxons 1n the human and rabbrt genome that share homologous

S

-sequences thh the lxpoxygenase cDNA to a lesser degree éhan others.”:

. [ o
"ted in. Southern transfer of cloned human .

k" A ' e ) o ,:; \

The exxstence of pseudogene%s) could be suggested as an QSQVj-"

:alternatxve explanatxon tojaccount for the resulti obta1ned B These - 'j\n"

o
'x‘/‘_a\ ol

inact1ve counterparts of funé@ional genes have, at some po1nt, lost thes‘

accelerated
_/Jlj L% oo

ARV

: accumulatlon of muoatxons. A pseudogehe structure was 1n1t1a11y

‘7,1_1s mactwe (Jacq et al.,« 1977) . The. hum"nf% and A globm

. laevis ; the homologous sequence resembles clo

'_is likely that a duplxcatxon of the ancestral lxpoxygenase’»~

“.havef;esulted in the;;ormatlon_oflan 1nact;ve'genes‘i'

- B 4 et

'l*descrrbed in tﬂentandemly-repeated genes of SS’RNA from Xénopus

M%; the ‘gene 1tself but‘,

-ene cluSters
o : | & o

@are known : to. have 1 and 2 pseudogenes, respect1vely (L1ttl}3L1982).: It




e T s
in retrospect, rt,seeme only'approbr;ate to propoee.thag 4'
perhaps'the dlvers1ty of the llpoxygenase prote1n is the reflectlon‘of
the: heterogeneity that 1s encountered at the DNA level. Prellmxnary as’
i7hthe data ava1lable may be, the possxbxllty of a multxgene fam11y forvff
‘lepoxygenase ls; nevertheless, exc1t1ng and encourages further
1nvest1gat10n of the area._ As a frrst approach,xln situ chromosome ;
{mabplng would 1dent1fy regxon(s) of the human (or rabbrt) genome that
'f;correspond to the 11pox99enase gene(s). Thxs cytologlcal mappxng, '
:h u31ng the human probe now avallable, could determxne whether or not fh.

-there are a number of dlscrete llpoxygenase genes,,and if’ so, whether

"'.‘_-they are randomly dlspersed throughq' the genome or exxst as a f

_clustered gene famxly as 13 the case w1th rRNA genes of almost all '

‘eukaryotes. One can further speculate that a varxant' gene famlly

3

& (Such -as the act;n multzgene fam11y) can deflne the organ1zat10n of

'V<f11poxygenases 4in- the genome.

k9

'?,The‘possrbxtltles awaxt_exploration. ’
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