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ABSTRACT

Techniques have been developed which allow the isolation of immuno- *

globulln heavy chaln mRNA to a degree of purlty suitable ‘for detailed L

'Yt'\
hybridization studies. These techniques involve the purification of J’ Lf:
. o X . )f\‘y

nondegrq,gd membrane‘bOund polysomes from mouse myelomas ; successive oo

N

' ollgo(dT) lcellulose’ chromatographles of the phenol extracted\RNAh(each
chromatography being preceded by -a heat ‘treatment wh1ch was found to
be extremely critical im the removal of 18S TRNA); preparative sucroee
den51ty gradlent centrlfugatlons, and improved techn1ques of poly-
acrylamlde gel e1ectrophores1s 4n 996 formamide. The heavy chain
mRNA's tha1ned in this way were character1zed by the comparlson of e
their cell-free trenslatlon'products with the corresponding in vivo
secretqd'heaVy chains,'using both SDS-polyacrylamide gel eiectrophoresis

and two- ﬂlmen51onal h1gh voltage electrophoresis of tryptlc digests.

For o mRNA purified from H2020 myelomas - and u mRNA pur1f1ed from

MOPC 104E myelomas, hybrldlzat1on studles with mouse 11ver DNA resulted
in corrected gene re1terat10n frequenc1es of 3 and 4, respectlvely
On the ba515 of the monoph351c natures: of the Cot curves ‘obtained, there
was no evidence whatsoever‘to preyent the a551gnment of these reltera—
tion frequenc1es to’ both ‘the variable and the constant regions of the o
and M mRNA's . Moreover, it seems that those rapidly- hybrldlzlng sequences

.

accountlng for the biphasic kinetigs reported in prevlous studies of

hybr1dlzat10ns W1th 1mmunoglobu11n mRNA's, and for the talls on the CQt
curves in the present report, are due to repetltlve portlons of con-

~ taminating mRNA's and not of the\immunoglobulln mRNA in question.
i . . : B ) \!

./K<
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Hybridizations of the a mRNA'to homofogoﬁﬁ and heperoiogous
»myeloma DNA's showed cer;ain signifaca;t.warignions'in the final'leQels
and in ‘the kineties of hybridization: ufakinguthe ﬁybridization with .
fts homdlogousimyeloma DNA as a stanQafg,aH2020 o RNA h;;ridized‘with

$2§ tYl), MPCll.(Yib) ana_YS781 (L) pNAfg to an equaliexten;, with_
JSSSI(a) bNA to a greater extent, 'ahd'with 104E tu) DNA to a'les;er
extent. Hybrldlzatlon studles ;1th a 13S 3l-end contalnlng fragment of
,HZOZO a RNA 1nd1cated that these results are prlmarlly attrlbutable to
dlfferences in the o’ gene comp051t10n ‘8f the JS558, H2020'and 104E DNA's
Consequently, these data suggest that the commltment of a partlcular
lymphocyte to the productlon of a spec1f1c 1mmhnoglobu11n class occurs .
concurrently with the loss of certaln heavy chain constant. reg1on (CH)
genetit sequences. Con51der1ng ‘the 11nkage relatlonshlp of CH,genes

in the mouse, a mechanism of VH—CH-gene integration based on exc;51qn_

and loss of iﬁterspersing DNA matefial seems to be implicated.
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Structure and CTassification of Antibody Molecules

The ba51c structure of a typlcal ant1body molecule was elucidated
by Porter and Edelman as early as 1960, and shown to consist of two heavy
chains (450—700 amino acids each) and. two light. chains (approx1mate1y
'200 amino- ac1ds each) joined by dlsulflde brldges However, because
;antlbodles from normal sera are very heterogeneous in antigenic-charac- -
‘ teristics and in°amino acid sequence, more detailed structural studies
were dependent on.the recognitien that the homcgeheous;myelpma and

< ' B
Bence-Jones proteins are related to normal immunoglobulins (Hilschmann

4
{.
{

‘and Craig, 1965) These protelns wh1ch usually show no’ antlbody
: act1v1ty, are produced by the malignant prollferatlon of a 51ng1e immuno-
: globulin—producing ce11.<‘Such mallgnanc1es were found to-occuy‘na;urally

in bcth the man and the mouse, ahd”have’since'beeﬁ induced'in>the‘mouee
by Ehtraperitoneal'injection‘of miheral bil; LThe homogeneity‘ef'theée

?p;pteihs pthides a uﬁieue'obporcuni;;.tc stcdy;individuai molecules
'.apparentiy selected at }andeh from the imhunoglebulih‘ﬁeoi. .By pepfiae

’mappihg and later by'amino.acid sequencihg of these’homqgeneous'prpceins,

o o : ° + .
it was recognized“that each immunegiobulin'chain has a uniqﬁe sequehce ‘
consisting of. approglmately 100 am%po acid residues, at its aﬁiqb
terminal end. Because this sequence is dlfferent for each chaln, it is

‘therefore referred to as the variable reglon. In'contrast the

remalnder of each chaln con51sts of a constant reglon that can be used

"to defihe particular‘classes and subclasses of immunoglobulins. More

':than'Qé% of the total human and mouse imﬁﬁnoglohulihs have"been identi—

- fied as belonglng to one of three classes' (IgG, IgA, or IgM) which are .
deflned by the presence of spec1f1c heavy cha1ns (Y, .d or H .respectlve-_
1y). TWo 11ght ‘chain types, K and A, have also been deflned, and each'may .

combine with any one of the heavy chains to produce the final,

4

a



immunoglobulin molecule. (Within one mdlecule, the two light and two

heavy chains are each of the same class. ) ‘
PN

o \
Furthermore in_ humans four subclasses of Y chalns have been
Q\ i

identified which dlffer in b1010g1ca1 propert1es but “which have a
. sequence homology -of about 906; although only limited sequence data are
available, there is serological evidence for two subclasses each of o

~and y, as well. In contrast, subtypes of. light chains appear to be
B - T e . ) R S .
extremely rare. Only in human X chains have subtypes been found; these

'dlffer in the constant reglon by a single amino acid substltutlon
_L1tt1e homology ex1sts between any varlable and any constant reglon,

. however homology units, consisting of approx1mate1y 100——110 amino ac1d

're51dues, are def1n1te1y evident 1n the constant reglons of each class

. -
~.

of 1mmunoglobu11n ‘and these unlts correspond to the loops formed by L

v,
.

~.

1ntracha1n dlsulflde brldges Do \k\ . .
. . S ‘ o B

~. R

> P
In summary, then, the basic structural unlt of an 1mm oglobulin

e -

~ .
Amolecule can be deplcted as follows (adapted from Fudenberg et aZ\*\\*
1972} : R . T , o - o \,\\'

: . . ‘ o .- ) _ ' S

[«

intrachaif
disflfide bridges

L 1 [— (r—‘-1 y .
C

T In this diagram, V denotes the var1ab1e reglon C the constant reglon

L,'the'iight chain; and H, the heavy chain. The 1ntercha1n dlsulflde



ES . o

brldges are shown as dotted lines because thelr exact number and p051t1on
vary between classes and’ spec1es CL and Cyr-v represent homology units.
The IgM molecule contalns one extra homology umit in the heavy chaln
(CHu) as compared with the IgG or IgA molecule.v‘. . o

Problem of V and C GenemIntegrationa ' S o ‘, o

I
. [

Basis of the "Two Cene - One Polypeptide">Concept
A con51derat10n of the peptlde maps and/or amino ac1d sequences of
a large number of myeloma protelns, comb1ned w1th c1a551ca1 genetlc
studles suggests that the varlable reglon is coded for by any one of
.more :han a thousand genes, while the constant region is the product of
a 51ng1e gene Thls observatlon was 1ncorporated by Dreyer -and Bennett
(1965) 1nto the hypothe51s that two genes ‘are. 1nvolved in the synthe51s
rof each 1mmunoglobu11n cha1n ‘onée controlllng the constant port1on of *
-, the: chaln and the other, the varlable port1on The- former is spec1f1c
for each type of 11ght or heavy chain, and- has heen deslgnated°as the
C gene; the latter 1s dlfferent from one cha1n to another and can be"
any one of a gene cluster de51gnated as \ genes |
Probably the most conV1nC1ng piece of exper1menta1 ev1dence in
support of this .hypothesis comes fromuthe work of Wang et at. (1970) on -
a rare human serum with monoclonal IgG and IgM protelns From ‘amino.
ac1d sequenc1ng, 1t was determined that the heavy cha1ns of these. pro—
te1ns wh11e dlfferlng by the1r possession of Y or W constant reglons, -
were 1dent1ca1 in the amino’ aC15 sequence of their varlable regions.
Slnce it is- h1gh1y 1mprobab1e that two genes could malntaln one- quarter

L of their correSpondlng polypeptlde chalns 1dent1ca1 to each other’

; throughout the evolutlon of the 1mmune system the best 1nterpretat10n

©



‘v\ " ..,,:‘,‘?jle"-y L S
\

of these data is that the constant and var{able regi&ns of each chain are
under sepaiate genetic control, and that the ffpand U € genes of this

" serum.share the same V gene.
. ¢ \, \'

. ) o \ “
Structural Studzes on Immunoglobulzn mRNA . \

The hypothe51s of "'two genes - one polypeptlde" nece551ta;es the
. existence of sqme mechanism by which the informatiop encoded by the V
and the G,geﬁes‘is joined to prodﬁce the final poiypeptide. fheoretic—
_ally, Suéh joining mey\occur'at'ene of three levels: DNA, mRNA, or
proteinfw However, regent'étudieéﬂoh the ﬁucleotide-éequence of
fimmghoglobﬁlin mRNA's isolated.from mouse“myelomaé have providediconclu-
. e _ - v ‘ -
Sive:evidehce that both variable and constaﬁt;region amino acid sequences -
":are represented in the same mRNA molecule “In parxlcular, the structure

of the k. light chaln mRNA from ‘the MOPC21 mouse myeloma was determlned

. by M115te1n et aZ (1975) to be the follow1ng

. o 1250 (+ 100) S .
Number - 200 200 1
Of ) IEQ|‘_—121__—.|Q—*32-1-——ﬁ|“————D|&——_—.'
b 1 ] ] - . ’ 1 ] B L
ases 1 2 g - 2 - ;\ 2 ___ a4 'IOH
S'UT P ; C T 30T poly (A)

In thls Qlegram v represents. the varlable reglon sequence C the

hE:4

constant region sequence; P the precursor sequence (i.e. those nucleo-

i'<tides corresponding to an amino acid sequence at the N-terminal end of
the k light chain which is apﬁarent in iZn vitro translatés but not in
in pivo secreted x chains); and UT, the untransiated sequences (i.e.
¢ . : . .

. those nucleotide sequences which do not correspond to any amino acid

' sequences #n either Zm vitro or im vivo k chains).

ke °



Propoeed Mechantsms of Integrattonv

Slnce the mRNA's used for sequence studies were 1nvar1ab1y isolated
from the microsomal cell fraction, the p0551b111ty,1s not e11m1nated
that Jo1n1ng of V and C ‘region 1nformat10n occurs at some stage between
transcr1pt1on of the mRNA and attachment by ribosomes. It appears,

however, ‘that only constant and variable reglons coded by the same
. :

chromosome can be assoc1ated in a 51ng1e)1mmunoglobu11n polypeptlde ’
Chaln the evidence for thls being the predominantly ‘c1s' comblnatlon
of allelic markers in rabblts heterozygous at both CH and VH .region loc1
.(Tosi et al., 1970). | Hence, it seems more 11ke1y that a DNA levekﬁif
associatron is involved.

/Gqﬁsddering, then that assoc1at10n of V and C reglon 1ntormat1on
does occur at the genetic 1ntrachromosoma1 lerel several mechanlsms of
gene 1ntegrat10n have been proposed - The translocatlon mechanlsm,
brought forth by Dreyer and Bennett (1965) and later expanded by Gally
and Edelman (1970), suggests that V genes tandemly arranged on a chromo—
some can form an 'eplsome llke' structure by an 1ntrachromosoma1
- recombinational event, diffuse a short distance to a nearby c gene in
the same.chromo$ome and be 1nserted ad)acent ‘to. the C gene-by a speclfic
integration enzyme. Imp11c1t in thls mechanlsm is the concept that
301n1ng of partlcular \ and C genes would 51mu1taneously comm1t the cell
to the production of that 1mmunoglobu11n polypeptlde Alternatlvely,

‘the branched network model of DNA was used by Smlthles (1968) to dev1se
a mechanism in whlch V genes are all arranged parallel ‘to one another

and are 51mu1taneously adjacent to a parallel stack of C. genes. Protein

sw1tches between the two stacks would direct the path of RNA polymerase

-



and thereby specify which of the many possibléoV~C'combinations were to
be cxperxcd At prcaent “no direéct experimental evidence exists in
- support of either of these propo%ed mechan1%m< .~
Problem of the Origin of Antibody Diversity
Nature and Extemt of Diﬁérsity por

The phenotypic basis of antibodyAspecificify, and consequently
dlver51ty, has been clearly elucidated: antibodies of different speci-
f1c1ty, as well as different antlbodles dlrected agalnst the same
antigén, have different amino acid sequences‘ As 1nd1cated above -~ the

var1ab111ty is concentrated in the amino term1na1 110—~120 resédues of’

re

" the llght or heavy chains, partlcularly in thre@ reglons of hlgher than-

usual varxablllty within these re51dues {Wu and Kabat 1970). -By
‘affin%}yﬁlabélling studies, these regions have been shown.to oomprise
thé antibody‘combining site (Singer and Doolittle, 1966). |
Furthermore, studies of'tne amino acid sequences of layge numbers -
of myeloma variable regions havé shown that each region can be unambigu- .
ously:cloésified as bélonging to K, A or néavy chains (Edelman and Gafﬁ,
1966). That is, there appears to exist among immunoglobnlin structural
genes three 11nkage groups: a group of V genes associated only w1th the
K chain C gene(s), a group of V génes assoc1ated only with the A chain
- C gene(s), and a-group of V genes assoclated with any one of the heavy
(chaln C genes. V reglons from each group. can ‘be . further c1a551f1ed inté
subgroups by the degree of amino acid sequence homology, using the
following criteria:' all Vv regions of tho same subgroup show at least
80% -identity in oequence,‘while V regions of different subg%oups are less

than 60% identical.



Nwnbers of V and C Genes per Linkage Group

Genetic studies have provided convincing evidence that only one C
gene exists per linkage group for each immunoglobulin class or subclass
(Liberman anﬁ Potter, 1966; Herzenberg et al., 1968). However, a great
dealiof controversy still remains as to the number of V genes in each

linkége group. In general, two opposing views exist. - The "multiple

germ line gene' hypothesis predicts that all antibody sequences are

encoded by genés diréctly transmittable from parent to offspring;‘tﬁat
is,'by germ line génes (Dreyer and Bennett, 1965; Hood and Talmage,
1970) ~. Using the previously'estiméted value of 10° different antibody

sequences, a minimum of 10® V genes per linkage group are required’ by

‘this ‘hypothesis, assuming nonpreferential recombination of heavy and

light chain types. The '"somatic generation' hypothesis, on the other
hand, p;edicts thafrthe diversity in.thé variable-region arises by
soma;ic'events, presuﬁably recombination‘(Gax*K and Edelman, 1970)'
and/or mutation (Burnet, 1969; Jerne, 1970) . Thereforé,moniy a few
master copies of the variable region genétic sequences are réquired.ih
the germ-liﬁe; Generally, fhis hypothesis recognizes that each V region
subgroﬁp is likely coded for by a different germ line gene, since it‘iS
very difficult to imagine somatic mechanisms which could produce, from
‘oﬁe gene, two sequences which differ by more than 40% of their amino
acid residﬁes. Consequently, the minimum number of V genéswpred;ctéd
by the "isomatic generation" hypothesis is gehefally.considered to be

equal to the number of subgroups of'VK, Vi and Vy regions.

Means of Distinguishing between the "Multiple Germ Line Gene"

and the "Somatic Generation' Hypotheses

It is possible to present arguments both for and against each of

-



these hypotheses. For example, the Mendelian inheritance of genetic
markers associated with the sequences of variable rcgionﬁ, and the great
selection pressure required to produce and maintain in the germ line the
}mmense variety of different V sequences, seem to argue against the
"multiple germ line gene' hypothesis. On the other hand, the '"'somatic
éenerati9n" hypothesis requires an especially high rate of somatic -
recombination and/or mutation acting preferentially on V genes, or else
a very strOng selection to preserve Or prollferate any cells in which
such somatic eJents have occurred (Fudenberg et al., 1972).

In general, all attempts to disfinguish between the two hypotheses
on the basié,of classical genetical methods combined with sequence
studiés on immunoglobulin polypeptides have produced ambiguous or
inconclusive results. However, there exists on the molecular genetic
level, a direct approach to determining the actual origin of antibody
d1ver51ty, that is, to count the.ﬁumbers of polynucleotide sequencés in
the genome which correspond to variable reglons Such an approach .
would take the following experimental forT: 1solation, in a pure form,
of the mRNA coding for a specific immungglobulin class; demonstration
_of the identity and purity of this mRNA; radiqactive labelling of the
mRNA or itsrcomplementafy DNA to a high specific activity;_dete;minétion
of the characteristics of hybridization of this radioactive probe with
the corresponding DNA. From £he hybridizat on d;ta, it should then ﬁe
possible to‘determine according to the‘principl;s élucidated by Bishop
et al. (1972),‘the reiteration frequensles of those DNA sequences
respon51b1e for the productlon of the particular. mRNA

In performing such’ hybridization studies, it must be recogn1zed

that complete mRNA molecules consist of both V and C regior sequences,
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as discussed above; consequently, cach sequence must be separately iden-
tified as contributing to a particulhr portion of the hybridi:ation

kinetics. Also, in this way the hybridization studies can be used to

o~
i

confirm the genetical evidence for unique C genes.

Results of Hybridization Studies w?gh Immunog lobulin mRNA's

-To date, mouse myefbmaé, either as in vivo tumor lines or as cell
culture lines, have pfovided the most useful source of immunoglobulin
mRNA; Reports of the preparation of mRNA fractions which have demonstra-
ble activity in the <n vitro synthesis of myeloma proteins, and the
subsequent iodination and hybridization of these mRNA's with mouse DNA,
are summarized in Table 1. In most of these reports, similar resuits
were obtained with undifferentiated DNA (liv?r, spleen, embryo) as with
myeloma DNA, indicating that specific amplification of immunoglopulin
genes dOes'not occur during lymphocyte differentiation. The major points
evident from this summary are: '

a; The méjority of each mRNA pregaration contain® sequences which
hybridize with unique (or nearlyAuniQue) génes.

b. In each mRNA preparation, there exist_ some sequences which
hybridize more rapidly than the majority of the sequences. The exact
proportion of these rapidly-hybridizing sequences, as weli as their
corresponding gene frequencies, var%es greafly between report;l It
remains to be determined if these vér&étions are significant or if they
mereiy represent differences in the purity of the mRNA probe or in the
method of hybridization?d

In regard to the problem of assigning V and C sequences to a parti-

cular portion of. the hybridization kinetics, Storb (1974) and Premkumar
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ot al, (1974) assume, on the basis of purely ol Jiee arguments, that the

;i;xt transition (1.e. that representing rapidly hybridizing sequences)

corresponds to V' osequences, and the second trnnv.ilt.um corresponds to a

unique wequence,  They theretore interpret their data as a conflrma-

tion of the "multiple germ line gene’ hvpothesis for the origin ot"
antibody diversaity.,

o Hiowever, more judicious analyses have been carried out by Tonegawa
ot oal. (1974) using competition hybridization experiments involving x
chain mRNA's isolated from both thke same and di fferent subgroups, and

~. by Milstein et al. (1975) using either 3'-end fragments of the mRNA or
complementary DNA transcripts containing varying proportions of C and V
sequencés. These experiments have confirmed that the unique (sloQiy-
hybridizing) portion does correspond to the ( regign sequences.

Furthermore, they provided no evidence whats;:§g< that excludes the

assignment of the V region sequences as well to this slowly-hybridising

portion. Therefore, it seems entirely possible thas. only one or a few~
> [ :

V region germ-line genes exist per subgroup, and that a tibody diversity

is génerated by somatic gvents. The origin~of the rapidl¥-hybridizing

- portion Eould be either repetitive untranslated sequences at the 5'~end
-of thé immunoglobulin mRNA, or repetitive seguences at the 5'-ends of
contaminating RNA species.> The existing'data do not Qistinguish between
AFheQe‘two possibilities.

. Purpose of the Present Study

0

It- was desired, primarily, to extend the hybridization studies of

the type described above to include additional beavy chain mRNA species,

and thereby te prdvide a broadei basis of evidence for distinéuishiﬁg
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between the ''multiple germ line gene" and the ''somatic generation' hypo-

£

~

‘theges of the origin'bﬁ aﬂtibé&y‘&iversity; However, éinée theTQalué of”
any’hybridizékion study 1is depenﬁeﬁt on the purity of the mRNA probe,
and since heavy chain mRNA's éppear to be intrinsiCallyvmore difficult
to purify thaﬁ light chain mRNA‘'s , the initial step was an attempt to
improve existing methods:for.the'?urific;tion of immﬁpoglobulin mRNA's .
S Furthermore; thg'%act;that all heavy chain con§tant reéipn genés
beioﬁg to one'linkage gréup, sugéesﬁs thatVSuch highly purified(heavy
chain mRNA's might also be valuable for_ihvéétigating the iﬁtegfétipn of

“5
V and C region information at the genetic level.

IR )
o v !

4 a y

au



f
:
A S o o
» MATERIALS AND METHODS !

Materials . ' : : . B LA ' ’
: - | L _'.1r : | E, R ™~
In all procedures to be. described, Mefck—énalytical grade chemicals

.were used unless otherwise-designated; glassware was autoclaved; and

= . S - o [ . '
" solutions were prepared with tridistilled/wafek and autoclaved when
possible. During cr1t1ca1=steps 1n the 1solag1on of mRNA (for example,

oligo(dT)- celLulose chromatography and’ sucrosé den51ty gradlent centri-

fugatlon), glassware was treated w1th Baycoy14 (Dlethylpyrocarbonate

Bayer) by soaklng in a 1% solutlon overnlght'ﬁollowed by autoclav1ng,
J.

and solutlons were treated by stlrrlng W1th 0‘1° Baycov1n overnight
. | -

followed by: air evacuation. T "- ! N ’ “
y .

Reagents or materials requiring specialfpreparation were as
/

i

follows:

ty
§4
2

£=4

Dulbeééo's ﬁgdified Eaglé mgdipm; bbtalnéd iﬁ boWder.fora f%éh L
GIBCO Co., was dissqived in.gi&ssfdis;ille water-and suppleméntedawifh
10 mi.pe£ liter of each 6fjkhe fqlioﬁing"sflutipns: ‘200.mM:L-Ciutamiﬁe,
100X Non ESsé;Qiéi &ﬁiﬁo Apidg?”and an §n§ﬁbi6ti¢ mix}hrelééﬁsigting of
lﬁ,Odd}uhigs Pé;iéiilih plﬁs 15;006 mcg S€r¢p#oﬁy¢in pef mllggachpgf"
these solutions. being obtainéd‘from‘GIBCq f‘ Theimediumfgas then filter
-stérilized énd'stored'}rﬁien'at -206C.~ mmeaiétélf ﬁrior Eb use, |

O. 05% NaHCOa and 10mM HEPES (N- 2 Hydroxy thylplpera21ne “N-21- Ethane-
sulfonlc Ac1d Ca1b1ochem A grade) were dded to . adJust the pH This

" -

flpal solution is hereafter referrgd t as,DE medlum."
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DE - Mgthibnine mediﬁm ‘ ? - ' o
| Siﬁ;eythe comﬁercially a;ailable powder form of<Du1§ecco's'deifiéd )
Eagle.médium'contains‘tﬁé ESsentiél~amino acids, Egés,methioninelfree N
mediuﬁ %ad to be made c9mpletéiy‘ffom‘stérting matégials. ;The following
] = - . o . o .
‘solutioﬁs,>in the quan&itieshgiven; yereomixea and made up to 1 liter-
?Qith.giass—disﬁiileé.water;‘ . |
U lox salt Mix' . . - o R | 100 ml
50X Essential ATihQ‘Acid’Sof;tion ﬁ”Methioninezr : '~40 ml- :
e 100X Non Esée;t}al AminomAciq Sdlufiqn3_, . 201ml L i
VlOOX Sodiuijyrﬂvate Solution® - ) R 1 Wl
S . ) p
100X Vitamin Soluﬁidn3A; W . o o 40 ml -
0.5% Phenol’ Red sblptfoh3 L ' ', . 'f‘.- 7; 3ml
:‘ 7:.4%"N5H‘Coa D S o o s0 -}inl',”!f_””"
0.12% NaH;P0,-H;0 - ~ S oL
200mM L-Glutamine® . ] - S S
_Antibioticdmixtyfe3 {16:006 ﬁnits/m1 fenici11iﬁ' ., B 10 ml
- 10;000;még/m145tfeptomycin)' | Y o

o

'llQXvSalf Mix: -2,6Agm/1 CaCl,-2H,0,- 4.0 gm/1 KC1, z"gm/l‘MgSo;-zﬂgo,
A 64 gm/1 NaCi, 1.0 mgm/1 Fe(NO?)g-QHZO, 11 gm/l.Giucosé-HZO | |
250X\éssen§ia1 AminO'ﬁcid~Solution - Methionine: 4mM eachrL-Tryﬁtoﬁhéﬁ;
L-Threonine; 10mM each L-Cysxigé,;L-Histidine;.ZOmM,each, LgArginine¥501; !
Glycine;-L-sefiﬁe, L—Tfrosine,iL-?hénylalaniﬁe; 40mM each L-Vglihe, ) “
L—Is&leu&ipe;;L—L}sinéaﬂCl tali éﬁiné acids'being'obtaineq from Sigma).

3These solutions were obtained from GIBCO Co.
. . N3 . .
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The resultlng solutlon was sterlllzed by filt

o

-20°C. Immedlately prlor to use, the pH was

gqseous_Coz until the solution was an orange-

a

OZLgO(dT) CeZZuZose

[~

The preparatlon method accord1ng to Gilham (1964) 1nvolved three

steps: ’ ' o
1. Preparatton of the pyrmdtnzum saZt [

phate: . TMP-Naz (M11es or S1gma) dlSSOlVed i

ration and stored frozen.at
adihsted by bloW1ng through

red color.”

Q9

f TMP (thymtdzne monophos—.

n water was loaded on a

~ column of Dowex 50 H* ion exchange re51n (5gm TMP-Na2 being used per

350ml wet volume'Dowex). The 'column ‘was wash
% .

fractions were mofiitored for optical density at 267nm (maximum absorption )

ed w1th water and eluted

@

'of TMP) The OD- contalning fract1ons ‘were pooled and concentrated in.a

flash evaporator to approx1mate1y 20ml per . 10 “OD2g7 units Qf recovered

T™MP=H».— (AlL-the £0llowing auantltles are based on this amount of

16
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b2

Z. Polymerization Of TMP—Hz' Polymerlz

completely anhydrous condltlons Therefore

3

o i

ation occurs only unger

all glassware and compounds

used in the follow1ng3procedure were flrst carefully dr1ed For the.

ATMP—Hz'solution this drylng was acoompllshed by the repeated addltlon

‘and evaporatlon of 15 ml of‘ary pyr1d1ne (anhydrously red1st111ed and

" stored over KOH pellets) /Polymerlzatlon was

4"add1t1on of 4 ng dry DQC (N,N'- dlcyclohexylc

‘then carrled out by the

arbodllmlde, Fluka) to the

TMP Hz in 18ml dry pyrldlne, followed by vigorous shaklng at room

b -

temperature for 5 days.

o .

3, andtng of ongo(dT) to ceZZuZose.,

FolloWing the fnrther ”

_ eddition'of SDOml of dry pyrldlne and 12gm of DCC 30gm of Whatman cc31

a -

e

=

o

[



' 37°C and stored at -20° C. . : ’ _, i -

.17

cellulose (prewashed W1th alcohol and HC1 and prebaked) were added to the

- [

<

‘solution of_polymerrzed TMP - “Ha. Shakrng was contlnued for f1ve to six

*days. o - L , : \

At the end of the procedure, the oligoCdT)acelluIOSe was collected

by flltratlon on a 51ntered glass funnel and washed exten51ve1y w1th

absolute ethahol at 37°C, followed w1th dlStllled H20, until the optical

-

‘den51ty at 267nm was negllglble It was then drled in a vacuum oven at

©

RLS—JOO
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A hlghrspeed supernatant of rat 11vers, wh1ch has been reported by

o

. Blobel and Potier (1966) to c¢entain an‘effectlve 1nh1b1tor of RNase

o

act1v1ty, was prepared as follows male albrno rats of the W1star strain

o

;(300—— 350 grams in welght) “were asphyxlated by CO2 vapor and. bled by

’sllttlng the throats.” Livers ‘were removed 1mmed1ate1y upon death of the

anlmal, and each liver. was put 1nto 25m1 of jce-cold Buffer B (0 M
snorosé,iSOmM»KC{_ 10mM Tris- HCl pH7 5 SmM MgClz, mM dlthlothreltol),
chopped with scissors, and hom0gen12ed 14 strokes in a motor-drlven
Teflon- glass tissue grlnder (1200rpm, 0 Smm clearance) The m1crosoma1
fractlon was removed by centrlfuglng in the Sorvall RC 2-B for 20 mlnutes
at’ 15 006rpm, ‘and the post mlcrosomal supernatant was recentrlfuged at
40, OOOrpm for 4 hours in the Internatlonal Preparat1ve U1tracentr1fuge )

B 60 (rotor A170) After’ removal of the overlylng fdt 1ayer, the

supernatant obtalned in th1s step was collected and frbzen at -70°C.

, Immedlately prior to use it was carefully thawed at 3& spun once

more in the Sorvall at 5000rpm for 20——30 m1nutes to remove any cloudl—

ness . '



Bzologtcal Material

Mouse n;eloma 11nes were obta1ned from the Salk Instltute Cell
Dlstt1but1on Center and from Dr. "M, Potter with the follow1ng de51gna—
tions concernlng the ¢class of 1mmunoglobu11n produced by each: |
MOPC 104E and Y5781 (IgM), 828 (IgG ), MPC11 (IgG b)’ H2020 and J558
(IgA).' They ‘were received as SOlld tumors growing subcutaneously 1n
female Balb/C mice. The mice used for the further passage of these 11nes
‘were obtalned from, the Instltut fur b1olog15che medlzlnlsche Forschung,
Fulllnsdorf Sw1tzer1and The MOPC 104E (hereafter referred to more e
. 51mp1y as 104E) and the H2020- myeloma Iines were used as sources of ue
and a heavy chaln mRNA respectlvely, and all six llnes, as,well as

llvers from unlnjected m1ce, were: used as sources of DNA

a

_Methods

Handlzng of Mbuse'MyeZomu Lines T L >. A

The myeloma lines- were malntalned as solid tumors in 8 t0120 weekv
old female Balb/C mice by the serlal subcutaneous 1n3ect10n of 1-2 x 107
. cells at 1ntervals of 10——14 days, For this purpose, ce11 suspen51ons
from dlssected tumors were made in DE medlum conta1n1ng 1% fetal calf
h serum (FCS) A reserve stock of Each myeloma was also ma1nta1ned by
free21ng small a11quots of cell suspen51ons at —70°C in DE medlum
contalnlng 20% FCS -and 10% d1methylsulfox1de

At the completlon of the experlmental ‘work descrlbed in thlS report
each myeloma 11ne was checked by 1mmunofluorescence to ensure that the
productlon of 1mmunoglobu11n had been ma1nta1ned as de51gnated Thls

‘was: done by 1ntrace11u1arly staln1ng an acetlc ac1d flxed cell susben51on

of each myeloma ‘with the fluorescently labelled antlserum spec1f1q for
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its immunoglobulin class, as well as with an unrelated antiserum (Holborow - 3
, ‘ , ~ ; ﬂi
k/

and Johnson, 1967).

" DNA Prépapatighf
_ Methods described hy Bishop (l972) were essenpially followed through-
out. | _{ ! | ‘ |
1. FurifécatiOn df_Nuélei:» Livers from Balb/C mice were taken
into. Buffer 'C (0 M sucrese SOmM.KCI IOmM Trls HC1 pH7 5, SmM_MgClz,
A4mM CaClz) at a ratio of" approx1mately ‘1lgm liver per %El buffer -and
homogenlzed 12 strokes at 1200rpm in the glass- Teflon homogenizer
described previously The homogenate was f11tereﬁ through 4 layers of
ancheesecloth and spun 2500rpm for 10 mlnutes in the I E.C. PR-6. The upper
- phase was asplrated and- the remalhdng sedlment was resuspended in an
S

additional 1/2 volume of’Buffer C. This. suspen51on was then dlluted to

0 22M sucrose by the slow add1t1on of water, layered over an equal .

s

votume—of G 34Msucrose containing O lh Tis~-HCI pn/.: and aanl bdhlz,

and centr1fuged ZSOOrpm for 15 minutes in the 1. E C. PR-6. The;resultlng‘,

ﬂpellet was suspeudediln-g volumes of 2.2M sucrose cpntalnlnngris andi
_Céélz-as above. bThepnuclei Were'sedié;nted by'cehtrifuéatibn'at‘ |
.26,006rpm:for one hour in the'Spince<§W27 rotor, and stored‘frezeh at

d.-70 C. |

o -

W1th the myeloma tumors, 1t was found that a 51mpler purlflcatlon

- procedure resulted 1n'equally,sat1sfactory preparatlons of nuclel.
Briefly; 0——14 day old tumors were dlssected and homogen1zed as
descrlbed for the livers. However, when this homogenate was centrlfuged

at low speed a d15t1nct pellet was obtalned 1n‘contrast to the liver.

f»homogenate This pellet'was suspended in Buffer C (lOml per gram) and
. o

|

T



NP-40 was added to 0.5%. 'After stirring_for 10 minutés in ice, the -
mixture was centrifuged at éOOOrpm for 10 minutes in thenéorvall.‘,The
resultingbpellet uas then suspended ih sucrose and the nuclei“sedlmented
.as described for the liver huclei‘preparation. ‘
Z;i Extraction”of DNA' The pur1f1ed tumor or liver nuc1e1 were
suspended in, TE-T1 buffer (O 05M Tr1s HC1 pHS 5, 0.05M Na,EDTA) at a
'ratlo of 1ml nuclei per 10m1~buffer SDS and pronase were added to 0.2%
and 500 ugm/ml, respectlvely, and the suspens1on was 1ncubated at 37°C
‘ for 5 hours then shaken gently“at room'temperature overnight. Whem all
the DNA was dissolved, NaCljwas added“to O‘SMB followed-by 1/2 volume
of water- saturated phenol. After shaking at room temperature for 60
mlnutes, 1/2 the startlng.volume was added of ‘a chloroform: 1soamy1—
. alcohol solutlon (25:1). .Shaklng was continued for lO minutes, then the
mixture_was»Spuh QOOOrpm for ld minutes in the I.E.C. PR:6.ﬂ:The aqueous -

]

phase was collected and, reextracted 2 more t1mes, as above. Two volumes

‘ﬁ ~.of ethanol were added to the final aqueous phase The prec1pitated DNA
was ;pooled on glass plpettes and redlssolved in TE-1 buffer by shaklng
overnlght (the -volume’ belng the same as. that orlglnally used to suspend

_uthe nuclei). S un1ts TIRNase and SO ugm RNaseA (both heat treated at
80°C for 10 mlnutes) were added per ml of dlssolved DNA "After 1ncuba—
tion at 37°C. for & hours, SDS .and ptonase were added’ f6‘6\2%~and\\‘;;;\ :
200 ugm/ml respectlvely. Incubatlon at 37 C was contlnued forvat least

"30 g hen NaCl ‘was, added to 0.25M and the phenol chloroform
extrn *rled out three more times., DNA was collected from

- bt ttxpltate ‘of the final aqueous phase by spooling or by

1ow a"fcentr1fugatlon, dried under vacuuam and dlssolved 1n a . minimal

'volume of SP50 buffer (O,SM NaCl 0 OlM NaAcetate pHS.S). If the DNA

b -
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appcared cloudy at thls stage (due to aggregated glycogen whlch 1sbal§o
water soluble), it was cleared by centrifuging 40 OOOrpm for 20 minutes
in the T1.E. C Al7%/rotor. The clear supernatant was then measured‘for
'optlcal den51ty at 260 and 280 nm.

.>3, Sontication’ and Stze‘Determination: After dilution to 50 OD260
units per ml in SPSO buffer, the DNA was sonicated in ice at an amplltude
of 7 u.for 6 tlmes 30 seconds with 30 second 1ntervals (sonlcator from
M,S.E. Co.). The size of the resulting DNA fragments was determined by
subjectlng an aliquot 10 sucrose gradlent centr1fugat1on in comparlson
w1g€ a RNA standard. Linear 5——206 sucrose gradlents (4m1 each) were
smade in DAMON/IEC polyallomer tubes (#2841) using stock solutions of
5% and 20% sucroser1n lSE (10mM Tris- HCl pH7.5, 100mM NaCl 2mM- Na,EDTA).
0 25 to 0.5 ODzso un1ts of sonlcated DNA as well as 200260 unlts of a»
mouse fibosomal and transfer RNA preparatlon, were made up to 0.Iml-in

- TSE and layered on the gradients. Centrlfugatlon was at 55,000rpm for

‘180 mlnutes in the Splnco SW56 rotor at 18°C. 'Gradients were collected
from thé bottom of the tube w1th the opt1ca1 den51ty at 260nm being .
monltored contlnuously by a Gilford 2400 spectrophotometer fltted with
an I R.C. 4mm flowthrough. cell.’ By comparlson with the peaks of known
kS values formed by the RNA the peak p051t10n of the sonlcated DNA was
a551gned an S value f ’ . e

4. -Gel letratzbn In order ‘to Temove heavy metals, as well as
»remalnlng partlally dlgested RNA, the ‘sonicated DNA preparat1onfwas
passed through a SP Sephadex C-50 column (S x 45cm) equ111brated in SP50 {
- buffer. 2000 ODzso unlts of a DNA preparation were loaded per column,~

and 15 mlnute fractions of approx1mate1y 10m1 werée collected by washlng

with ;he Sp50 buffer. Fractlons were meaSured for ODzso and pooled
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accordingly. Between each run, the column was washed with a highrsalt
buffer (1M NaC1, 0.01M NaAc, 0.02% NaN3). The pooled DNA was etuanol—
prec1p1tated by the addltlon of 1/10 volume of 3M NaAcetate and two
VOlumes of absolute ethanol After leaving this solution overnight at
-20°C, the precipitate was collected in 5111con12ed glass tubes by

centrifugation, drieq, and dlssolved 1n 0.1x8SsC (1SmM sodium chlorlde -

1.5mM sodium citrate; that is, 1/10 concentrdtiyn of a standard saline-
~citrate éolution)lét ‘concentrations approp ‘ or hybridization

" experiments.

Preparatzon of in vivo Markers

1. TIsolation of 3%S-labelled Immu oglobultns ' Cell suspensions
“of 104E and H2020 tumors were made at a . centratlon of 2 x 10° live
cells per ml in DE - Methlonlne medlum contalning 1% dialyzed FCS. One

ml of each suspension was plated and 1ncubated 30 minutes at 37°C.

Approximately 460 ﬁCi—n£7T35<1 methlonlne (obtained from the Rad10chem1ca1

Center,hAm%rsham, with a specific activity of 338 Ci/mmol) were added.
After incubation at 37°C for 4 hours, the cells were spun down and the
upernatant was collected Incorporatlon of the [353J—methionine,into
acid;insoluble material of the cell supernatant was measured by TCA—
lprec1p1tat10n a éo‘ul'aliquot of each supernataut was taken into 1 ml
HzO and 0.5 mgm ‘of bov1ne serum albumin was . added as a carrier.
Trlchlopoacetlc ac1d was added to 5% and the solutlon was heated at 80°C .
,for 20 minutes. After qulck cooling in 1ce, 1t was. f11tered through
VWhatman GF/A papeT (2 -4cm c1rcles) The filter paper was washed three
times with colé 50% TCA, drled at - 100 C, and counted in Toluene/Tr1ton i
1QO/PPO(POPOP Scintillation flu1d in a Packard L1qu1d Sc1nt111at10n

1 »
Spectometer (Model 3375). . - § ¢



35¢.1abelled immunoglobulins were isolated from the total proteins

secreted into the medium by sucrose gradient centrifugation of the cell

supernatant. Exponential 10—28% sucrose gradients (12 ml each) were
prepared in DAMON/IEC polyallomer tubes (#2841) which had been cut to
fit the Spinco SW4l rotor. Stock solutions consisted of 10% and 40%-

sucrose in 10X PBS (phosphate-buffered saline, GIBCO). One ml of cell

supernatant was layered on each grad1ent and centrifugation was carrled

out at 41,000 rpm for 20 hours in the Beckman Sp1nco 12 65B at 4°C.

Gradients were collecji) (0.4 ml per fraction) and OD2eo scanned continu-

ously, as described abg¥e. The radioactivity of each fraction was -
"~ measured by TCA—orecipitation. The peak fractions were pooled and
dialyze; against 0.2M Tris-HCl pH8.2. \‘

2. Separation of Light and Héavy Chains: Procedures used were

modifications of those previously described (Eisen et al., 1968).

Immunoglobulin preparations were reduced by‘the addition of 100 ugm

dithiothreitol per ml in the presence of 5.5M Guanidine-HC1 (Schﬁarz—

Mann ultrapure), followed by 1ncubat1on at 37°C for 90 minutes.

<t

Alkylatlon was carried out by the addltlon to 0.02M of iodoacetic acid
{Fluka, recrystdllised tw1ce from chloroform) : After ificubation for
one hour at room temperature the solut1on was passed through a G-200
Sephadex column equ111brated W1th SM Guanldlne HEI in 0.1M Acetlc acid.
Fraction$ of 1.8 to 2 m1 were collected and the ‘radiocactivity of each

was: measured directly by counting an aliquot in Toluene/PPO/POPOP

scintillation fiuid. Appropriate fractions were pooled, dialyzed

extensively against 1% NH4HCO3, concentrated by lyophilization,'and‘kept

at -70°C. ) )

LS



rsolation and Purification of Heavy Chain mbNA.

1. Preparation of Membrane-Bound Polysomes (MBP): Tumor-bearing
mice (usually 70 to 80 at a time) were sacrificed when the size of the
tumor reached approximately lcm in diameter. This usually required 12
to 14 days after injection for both 104E and H2020. The whbie tumors
were takeéximmediately into ice-cold DE medium containing 100 ugm/ml
cycloheximide (Calbiochem B grade). All operations hereafter Qere

carried out below 4°C. In this medium, the tumors were dissected into

several pieces each, with fatty material, connective tissues, and

necrosis being carefully cut away. The 'clean' pieces of tumor were
~

then transferred to a mixture consisting of one part RLS-100 and one

‘part Buffer B, plﬁs 100 ugm/ml cycloheximide (approximately 8 grams of

tumor material per 35ml mixture), and homogenized 12 strokes in the

Tefldn-glass tissue grinder. Unbroken cells, nuclei, aﬁa-large membrane

e

fragments were removgd b?AEEHf?Tfﬁﬁfﬁﬁftﬁé"ﬁGﬁé@eﬁafE'at'6000rpmﬂfor

1Q minutes in the SéfﬁallvRC 2-B. The supernatant was then subjectéd\;o
higher centrifugation (20,000rpm, 10 minutes, Sorvall) to sediment the
remaining membrane fragments which COptain the bound polysomes. The
pellet obtained in this step was genfly resuspended in a mixture
Composed of one part RLS-100, one part TKM buffer (20mM Tris-HCl1 pH7.5,
100mM mM MgCl2) plus 100 pgm/ml cycloheximide (1¢m1 of this

mlxture be1ng used per 8 grams of startlng tumor material). Nonidet

p-40 (Bender and Hobein Co ) was added to this suspension to a f1na1
‘concentratlon of 1.2% (v/Vv), in order to release the MBP into the

" solution. After clearing by low speed,centrlfugatlon ‘the MBP solutlon

was layered on a cush1on of 1.8M sucrose -in TKM (approx1mate1y 33ml of

-

o
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* _Beckman Spin

‘ hd - T - R - “ )
- continuously, as previously described.

MBP per 7ml cushion in Damon/ LEC polyqllomcr tubes #2847), and centri-
fuged at 26,000rpm for 20—214 hours at 4°C in a Spinco SW27 rotor. Under
these conditions, the released MBP sedimented through the sucrose and
formed a translucent pellet, which was then gently disso]ved in ice-cold
water (5—7ml per pellet) and cleared by ceﬁtrifgging }O,OOOTpm for
10 minutes in the Sorvall. QDzeo was measured and the preparation was
stored at -70°C until further use.

2. Anatysis of MBP: Prior to use, an aliquot of each preparation

was subjected t& sucrose gradient centrifugation, in order to check the

quality of the MBP. Expol ntial sucrose gradients (5 ml each) were

‘man cellulose nitrate tubes (#305050), using TKM buffer
prepxration, [diluted to 0.2ml with TKM, were loaded per gradient, and

centrifugatién was ied out at 50,000rpm in the SW 50.1 rotor of a

for 20 minutes at 4°C with no brake. Gradients
were collected from the bottom of the tubes and ODjgq Was monitored

3.  Extraction of RNA from MBF: Frozen MB?; at a concentration of
30—50 OD,gq units/ml, were thawed carefully at 4°C. Lithium dodecyl .

sulphate (LDS) was added to 0.2% and proteinase K (chromatographically-

pure) to 200 ugm/ml. After incubation at 0°C for 10 minutes, the LDS

-

. concentration was raised to 1.0%, and the resulting solution was made

100mM ;n'Tris—HCL pH9.0vand Zmﬂ‘in Na,EDTA. An equal volume of a-‘
phenol:cresol :water mixture (100:14:40). was added; and the rgsulting
mixture was shéken a£_4fC for 30 ﬁinutes. The phases were separated by
centrifuging at 10,000rpm for loiminutes in the Sorvall. T;e upper -

a

T

1.5M sucrhse in TKM as stock solutions. Three OD2gp units of each MBP



aqueous phise was removed and kept at 470, while the cloudy white-inter-
phitse was collected, cuspended i Jomb of a butter comrsisting of 100mM
Tris HOL pHO 0 and 2mM Na EDTAL and reextracted by shaking tfor 15 minutes
at 1°%C with 20m! of o chlwrnfr’)rm.’i‘m:lm)’l:llcnhol mixture (J5:1).  Apaln

the phases were separated by ‘centritupation.  The aqueous phase so

obtained was combined with the thirst, and the,phenolicresol twater

extraction was repeated 2 times more. The final aqueous phase was made
up to 0.5M in sadium acctate pti5, 2 volumes of absolute ethanol were D
n

added, and this solution was kept at -20°C ovornight. The rcsuiting RNA
precipitate was collected by centrifugation (30 minutes at 1200rpm in -
the TEC PRo centrifuge), dried under vacuum, and dissolved in a miniéal
volume of TE-11 buffer (10mM Tris-HC1 pH7.5, 0..mM NaoEDTA). Optical
densities at 260 and 280nm were determined with a Beckman DB GT spectro-
photometer. .
4. Ollqﬂ(ff ~llulose Chromatography: O0ligo(dT)-cellulose, at &
7rat{§ of 1 gm per 1000 ODzso uniis of membranélbouhgrﬁoly56hal'KNA, was
packed in a glass gacketed column (diameter 2cm} with water c1rculat1ng
at .25°C, and equilibrated in TEK(0.5) bu#fer (TE-II plus O. SM KC1l). s
The extracted RNA was diluted to 100 ODzeg units per ml in TE-II buffer,
heatedAin'an Eflenmeyer flasﬁlhaving a large ;ﬁrface é}ea:volume ratio
. at 70°C for S minuteé, and quick-cooled in ice water. KCl was then
N °
added to 0.5M, and the resulting. solution was warmed to 25°C and loaded
on the olng(dT) -cellulose column w1th a flow rate .0of not more than 10ml
per hour. After the RNA solution had completely(entered the cellulose:

the column wa§>sequentlally washed with TEK(O 5) buffer,miEK(O 1) buffer

(whlch is TE-1I plus 0.1M KC1), gnd TE-I1 buffer. The column outflow



-

‘precipitated. o

was .continuousily monitored for Uvntransmittable‘materialIby a LKB UV .~

Absorbt1ometer and Recorder and the buffers were changed each time when

"4

the perccnt trwnsm1551on re(prpeﬂ to the base 1ine. Durlng the f1rst

%;
)

washes 230 m1nute fractlons of 5-10m; Der fractlon were. collected “and

S

rJS I N

during the final TE-II elutlon, 15 minute fractlons of not more than

2ml per'fraction were collected- Fractions eluted at each step were

pooled, and the OD>g0 and the volume were measured accurately- The
TE-IT pool was subJected to a second ollgo(dT) cellulose chromatography
by tepeating exactly the:abOve‘procedure including»the heat treatment;l
ApprOpriate fractloﬁs were againhpogled_and the RNA was ethanol_

'1

5. Suerose Denstt uradzent entrzfu atmon E onential lO——28%
4 ) s

‘sucrose gradients (13m1 each) were»made 1n Damon/IEC polyallomer tubes

o

(#2841), using stock solutions of lO%*and 37.5%ﬁsucrose;1anLE buffer

. o3 &
(5mM Tris-HC1 6H7:S, O.l%‘LDs; 0. ZAM NaEDTA). . The ethanol predipitateS*
- 4 ' s .

of the oligo(dT)-éellulose columns Lere collected by centr1fugat1on

» (20,000rpm for 30 minute$ in Spinco\SW27 o;'SW4l'rOtors), dried, and’

S

dissolved in TLE.buffer at a maximu concentration of 40 ODgg units/ml.

This dissolgfd RNA .was then heated alt 70°C for 3 minutes, Quick—cooled
in ice watef,

- and 1ayered on the sucrose gradients (O.Sml/gradient); AN
i ', ° . T .

Centrifugation was-at, 40'000rpm for 4'hours inran-l E.C. SB283 rotor at

6°C. Fractlons of 6.4ml. each were co! ilected from the bottom of the
SN
tubes with the OD,gq being mon}tored~ ontinuously. " Those fractlons

_ which were thought to contain heavy.ch]in.mgyA were made up to O:Sml
X : 1} . PR

. . © o - 1
with the 37.5% sucrosé in TLE, measured more accurately for ODagg in

" the Eeckman DB GT Spectrophotometer, and ethanol*precioitatedf The

e 2

®

@:
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prec1p1tates were colrected by centrlfugatlon drled ‘and diSsolved in

0.01M Trls fict pH7.S at a concentratlon of ZQOODZGO unlts/ml (equlvalent

£

2 .
i

to 1 ugnm RNA/ml) _
6. PoZyachZamtde Gel EZeatrophoreszs RﬁAﬁeampleé inlb;01M
Trls or in water were - subjected to polyacrylamlde gel electrophore51s
in the presence of formamlde, accorddng to the follow1ng procedure
'(whlch contalns only minor modifications of the one descrlbed by Berns
e? l., 1974) Merck analyt1ca1 grade formamlde was delonlzed by 3
stlrrlng overnlght w1th 10° Blorad mixed bed idn exchange resin. After
removal ‘of the resin by flltratlon, NaZHPOq and NaHZPOq were added to
0.01M each and the-pH. was adjusted to 6 S with 100 acet1c-ac1d. 3.5%

polyacrylamlde gels (0.6 x 8 cm) were polymerlzed in plex1g1ass tubes,'

" uwsing a solution of 3.5% aCnylamlde) 0.175% b1s—acry1am1de O 2° (v/v)

TEMED, fN,N,N',N'fTetramethylethylene diamine, Fluka) and Ovl%‘ammonium o

-persulphate prepared in water. .(Acrylamide and bis—acrylamide 'obtained

from. Fluka, were recrystalllzed before use: ) After polymerlzatlon was
complete the gels were blown out from the tubes into phosphate buffered
formamide solut10n}(approx1mate1y 200m1 per 10 gels) in a shallow glass

contalner and shaken gently'at room'temperature%for S——7 days with the

A

e
vformamlde solution be1ng changed every 24 hours durlng thlS t1me ‘By -

the end of this equ111brat10n in formamlde, the gels had elongated
’considerably They were then cut back to the orlgdnal length of 8cm,

sucked back -into the plex1g1ass tubes, and pre- electrophoresed at 15

volts per cm for 1/2 hour

9

A max1mum of 10 ugm of RNA'was first made up to 10 ul in Tris or

H,O and then adjusted’to~80%gin formamide,by adding 4 volumes of’sampﬂe
L, ' S o . ) e _

“H



:““ 1
bdffer (phosphate-buffered formamide'containing 150 sucrose and 0.01%

Bromophenol Blue). The flnal volume of 50 ul was app11ed per gel

Electrophoresis was carried out~at S volts/cm untll-the samples had
Jcompletely entered the gels (approx1mately 30 mlnutes) followed by

- 15 volts/cm for 20 hours Buffer was . C1rculated from thg bottom to

the top chambers during the electrophores1s, .and the bottom chamber was

cooled with tap water (approx;mately 16°C). After the electrophoresis,

<

the gels were scanned at 760nm in a Gilford 2500 Spectrophotometer~ o

adapted with a 2410 S 11near transport device. When the electrophore51s

was performed for. analyt1Ca1 purposes, ‘the gels were then stalned

-

overnlght w1th a O OOS°osolut10n of ”Staln All" (Eastman Kodak Co.) in
°

o

50% formamide. Destaining was by tap water, out of direct’ llght.

o

Alternatlvely, when- the electro hore51s was performed &S a pre aratlve
p! P T p

o

step in the purlflcatlon procedure, a 1——2mm slice was. cut Qut of’ the

N o o

.heavy chaln mRNA- contalnlng band 1mmedlately aftér %cannlng The ‘band

o

_p051tion could ‘be located very prec&sely in the, follow1ng way. F1r’5‘t9

its approx1mate p051tlon in the gel-was estlmated from the peak on the

, optlcal ‘density scan, A.small amountﬂof 1% Bromophenol blue solution

\:was then anected transversely into® the gel at either 51de of the
P o e ¢ * .

estlmated band center not more than Smm apart, using a fine gaugey
4 . " k4

o

syringe needle.' When the gel was;rescanned at 260nm, the injegted BPB

< . P

prodnCed two Sharpyabsorption lines, ;he'relation of the§e iineskto.‘ .
the center of the peak on the- recordlng paper was used to locate oa:
‘jprec1se1y the center of t;erband between the two th1n blue llpes formed
by the BPB” in the gel AThe approprlate gel sllce was th@n cut out

accordlngly
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7. Elution of RNA from GeZS' -The gel slices obtained in the.above

Steps were homogenlzed in a buffer con51st1ng of 2m1 of 0.5M NaAcetate

pH6.0, 1 drop of 2M Trls HC1 pH9 0, and a few drops of phenol u51ng a

: loose flttlng glass tissue grlnder All the glassware used throughout

o

_ the elut1on procedure was well slllconlzed The crushed gel was

: 1ncubated at 37°C for 20 minutes” vortexed . lO seconds frozen- qulckly

C o

1n a dry ice- methanol bath and thaWed qulckly at -37°C. After thls T

o .

1ncubat1ng vortex1ng freezing- thaw1ng Procedure was repeated 2 more
times, the suspension of crushed gel wasocentrlfuged 3000rpm for S5

minutes in the I E. C. PR-6, and»the,supernatant was saved.. The gel was

~ then subjected to three more rounds of extractlon ‘using one ml of

buffer mix. ~The resultlng superna%ant was combined with tHe glrst and

after the addition of 2 volumes of ethanoly was kept at -20°C for at

o

least 24 hours. .

8. Hydroxydpatzte Chromatography of the GeZ Eluant: , In.the above
procedure llnear polyacrylate also elutes from the gel and coprec1p1-,
tates w1th the RNA at the addltlon of ethanol ° It was removed as
follows by taking advantage of the fact that RNA binds nonspecifically
to hydroxyapatlte under low salt cond1t1ons A small.hydroxyapatite

Column (approximately 1.5 x.0.5 cm) was prepared using Hypatite C from

Glarksonhchemical Co and was washed w1th ﬁP(O 05) (0.025M Na2HPOg,

~ 0.025M NaH,P0,) . The precipitate of the formamide gel eluant was collected

'byacenfrifugatioh dr1ed dissolved 1n 0 Sml of NP(O 05), and loaded ‘on

o

" column was washed exten51ve1y with NP(O Q¥ tOoremove all unbound

the column at a flow rate of not moére than one ml per 10 mlnutes The.

o

mater1a1 w1th the. outflow be1ng monltored for optlcal den51ty at 207nm

.

© e



(the maX1mum absorpt1on of acrylamlde) When OD could no longer be

© ] ©

detected the RNA wa3 eluted ‘with NP(O 4) (0. 2M NazHPOu, 0 M NaHzPOQ)

in as small a volume as p6551ble, monitoring the OD at 260nm. The

[

eluted RNA was then d1alyzed agalnst HZO concentrated by 1yoph1llzat10n,

]

" ethanol- prec1p1tated and redlssolved 1n 20 ul of water

o

@haracter@zatton of Heavy Chatn mRNA : L
1. In vitro. Translatton-' Translatlon of the heavy chaln mRNA
pr%paratlons was carried out in the mamma11an cell free system of

- ‘Schreier and Staehlln (1973) w1th separated 1n1t1at10n factors be1ng

©

o substiyuted for the part1ally purlfled preparatlon orlglnally descr1bed

o

Purified globln mRNA was translated in parallel w1th the 104E and H2020

‘_samples to be tested. Labelllng of the translatlon products was by

o

[358]-Methionine.

o

At the gompletlon of translatlon incorporatlon ofn?SS lnto the;
TCA—prec1p1tab1e material was determlned for a 5 ul aliquot or the-
reactlon-mlxture The—remalnder of the cell- free products were prec1p1— .
~ tated w1th 1m1 of 10° TCA and left overnlght at 4°C. “The prec1p1tates‘

were collected by centrlfugatlon and washed one t1me w1th cold 5% TCA _
and three times'w1th cold acetone (by vortex1ng and centr1fug1ng) ‘The
final prec1p1tate was drled and dlssolved in a m1n1mal volume of 1%

- - 3 ‘

-l

NH,HCO3.

/
a-

,2. sps - Polyacryiamide'cel Electrophoreeie:o Thelprocedure was

based on that of Laemm11 (1970) Stock solutlons were prepared as
follows A Solut1on A 30 gm acrylamlde plus 0.8 gm bis- acrylam1de made
up to 100 ml w1th water, flltered through 50 Whatmann, ‘and. stored cold

~and dark Solutlon B 18 15°gm Tris (Tr1zma base S1gma) plus 50 ml



[

32

water, pH adjusted &0 8.8 with 1M HCI. volume adjusted to 100 ml with .

—

v >

water;'Solutioh°C,“10° sodlum dodecyl sulphate (SDS) in water, Solutlon
'D, 6 gm Tris‘plus 40 ml water,rpH adJusted-to 6.8 with ‘1M HC1, volume
adjusted-to lobiml'With~uater. AAIS%éacrylémide;solution (conté;ningtr
.0;35%Vbis:acryiamide 2.25% Tris, ahdlo.i%.SDS) was then prepared using
approprlate volumes of Solutlons A B. and C. ther-the addition of '
6. 0259 (v/v) Temed _and 0. 30% APS (ammonlum persulphate fiuka); this
‘solut1on was polymerlzed 1n a glass form to. g1ve a slab gel” approx1mate1y
14 cm long and- 2 mm thick. ~ This was over1a1d ‘with a 4°-acry1am1de spacer
‘gel, hav1ng a lower pH andrcontalnlng 0.11% bis- acrylam1de, 1. 59 Tris

and o;l% sSDS from the appropr;ate additions of Sd1lutions A, D, ahd C,'
.plus 0. OS° (v/v;>Temed and 0.1% APS Slits for'the application'of~
:samples were made by 1nsert1ng a plex1glass form before polymerlzatlon
of the spacer gel was complete in sueh a way that the samples would
mlgrate through approx1mately 2cm of spacer gel before enterlng'the 13%
gel.
| A portlon of each washed cell- free product contalnlng the de51red”
number of cpm's, as well as portlons of. the in vive markers (see above
_for preparatlon), were lyophlllzed to dryness and red1ssolved 1n 50 ul
of‘sample buffer (0.6% Tris-HCl’pH6.8, 1.0% SDS,.l.Oﬁ[v/v]B—Mercapto—
jvethahoi' 10°[v/v] Glycerol .and 0'06597Bromobhenol Blue). The samples
5twere then heated at 100°C for 3 minutes to prevenx aggregatlon, and |
applled to. the gel. Electrophd%e51s was carrled out in a Trls.glyelne:
:.SDS buffer (0 6 12, 88ﬁ 0. lo) at 120 volts for 12 to 14 hours. The gel
was”then removed from the form, dr1ed under vacuum w1th the help of aﬁ‘

<

infrared lamp, and.autoradiographed using Kodak X-ray film.
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3. Two—DimensionaZ HighlVoZtage'Electrophoresis:‘ Tryptic digeSQeff'.
of cell- free products and in vivo markers were prepared and analyzed by
hlgh voltage electrophores1s, accordlng to-the follow1ng procedure.

. Since 1mmunoglobu11n ‘chains’ are resistant to tryptlc digestion unless
thelr 1ntracha1n dlsulphlde bridges are broken, the cell-free products
. were flrst reduced and alkylated by the procedure descrlbed prev1ously
for the in vivo 1mmunoglobu11n preparatlons, and dialyzed agalnst 1%

B NH, HCO;. A portlon contalnlng the de51red number of cpm's from each
reduced cell- free product and heavy-chaln in vivo preparatlon "was then
made up to. ngm in prote1n by adding bov1ne serum album1n 'Tryptic

dlgestlon was. carried out by addlng 20 ugm of’ tryps1n per 2mgm of total

’ proteln and 1ncubat1ng 4 hours ‘at 37°C. After 1yophlllzat1on the
resultlng tryptlc dlgests were dlssolved in 75 ul of pH6 5 buffer (1oo &YF
pyrldlne, 0.4% acetic ac1d), and applied in 2cm: 11nes to the center of

© Whatmann ‘3MM paper. Electrophore51s was carr1ed out in the same buffer
“at 300 volts for 47 or 60 m1nutes, in the Gilson Model DW high voltage
electrophoreter‘ Autoradlography was performed to locate the p051t1ons

- of the peptides on the paper. The peptldes were then cut apart as
desired, sewed on to a new baber,‘and run in the perpendicular direction -
in pHS;S buffer (1% pyridine, lO% aeetic:acid), again at 3000 volts for
47 or 60 minutes; ' - | - ’

)

.Preparatzon of 125I—Zabelled RNA - - | o -

Iodination was carrled out according to Commerford (1971). . I;zs

n
S

was obtalned from the" Eldg Institut"fﬂr Reaktorforschung (WUrl;ngen,

Sw1tzer1and) in portlons of 5mCi in 10 ul.: The pH wés~edjustedfto 5,0
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by adding 10 “mmoles of NH,Acetate pHS.O and 10;7mmoiee,of HC1; then the
volume was made up, to 50 ul with Hy,0. A 100 ul reaction mikture,;contain-
ing the RNA sample to be 1od1nated plus the desired number of mCi of

1251 from the above splution, plus ammonium acetate PHS..0, pota551um ‘

'1od1de, and thallium chloride in final concentrations of IOOmM

-

1x10”2mM- and 1mM respectively, was assembled in ice, with the tha111um .
‘chloride being added last. This reaction mixture was 1ncubated at 60° C

for 40 minutes, during which time binding of the iodine to the RNA occurs

in conjunction with the reduction of T1'3, The reaction mixture was then

chilled in ice, and excess T13 was reduced by adding 10" 2mmoles Tris-HC1
pHQ.Q, 10" 3mmoles Na;S03 and 10 *mmoles Na,EDTA and reincubating at 60°C
for 18 minuteé.

'Immediately'following this incubation, unbound iodine was removed

by p3551ng the reaction mixture through a small HAP column according to
the method already described w1th the NP(O 05) ‘wash and the NP (0. 4)
‘eluant be1ng monltored for rad10act1v1ty rather than for optical density.
This was done by counting a S ul a11qudt of each coliected fraction
directly in a Nuclear Chicago Autogamma Sc1nt111at10n Spectrometer

(efficiency of 1%51 = 80%). ~NP(O.4)_fractions were pooled according to

1

the counts,-diaiyzed extensively against HZO after the addition of
50 ugm/ml carrier RNA (purified yeastutRNA or E. coli TRNA), and‘ethanol.
precipitated.> The precipitates'were collected and run on 105428%_

sucrose gradients in TLE, according to the method described above.
. . . .

Gradient fractions of approximatelx‘0‘4ml each were coliected manually

i

from the bottom of the tubes, and 1251 act1v1ty was measured in the

Q

-Nuclear Chicago. Appropriate fractlons were ethanol prec1p1tated again



after the addltlon of 50 ‘pgm/ml carrler

.

The preclpltated material’ was

collected .counted, and dissolved’ in 0 1xSSC at the concentratlon de51red

for use in hybrldlzatlon exper1mente//f&—«

NA RNA Hybrtdzzatton

a

and/or the' k1net1cs of hybrldlzatlon between yarl

.DNA's and RNA's.

Expetiments were performed in order to determlne the flnal level

(1974) was. followed

o

Hybrldlzatlon was carrled out at 70 1h 2xSSC at a final

“concentration of. 0.22, 2.2, or 22 mg of DNA per ml.

DNA in_ 0.1xSSC was denatured by - heating at 100° for 5 shin.’

~in 5111conlzed conical tubes under ‘mineral oil. IIZSI]RNA in
0.1xSSC was added and the heating was contlnued for another

2 min. An allquot was withdrawn for determlnatlon of the

"1ntr1n51c RNase- res1stant fractionl' The tube was then

transferred to a 70° water bath., After, 30 sec, one-ninth

volume of preheated 20xSSC was.added and qu1ck1y m1xed
this was taken as time 0. At 1nterv%ﬂs 50- to 200du1

samples were W1thdrawn and quickly mlxed w1th 10- 20 ml of'

precooled 2xSSC. The diluted. hybrldlzatlon miXture was

dlz}ded/fgzo four equal parts In two parts the nucleic

‘.;’#//,///Ecid was directly prec1p1tated with one fifth volume of

<

" 2xSSC at p

The, RNase- treated samples were chilled. in ice (car&ler added

" trichloroacetic acid.

50° trichloroacetic acid. When the DNA concentration for

~ annealing was 0.22 or 2.2 mg/ml 500 ug of yeast RNA

(Worthlngton) was added as prec1p1tat10n carrler The

other two. parts were treated with 20° ug/ml of“bovane pan-

creatic RNase and 2 unlts/ml of T-1 RNase at 37° for 20vm1np

(Both nuc\;ases had been prehéated at 80° for 10 min in

§§°necessary), and prec1p1tated with one- flfth volume of 50%

B

a

5.9 in order to inactivate contaminating DNase. )

ous comb;natlons of

In general, the procedure descrlbed by Tonegawaé}t aZ.‘
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Minor modifications of this procedure in the work to be described were as

follows: DNA goncentrat1ons somectimes varled by 1——10° from those given

<

above; in some experiments which studied only the final level, ahd not.

the kinetics, of hybridization; the intrinsic RNase-resistant fractidn

»

was not determined; some hybridizations were carried out with 6xSSC at
75°C as wellcas with 2xSSC at 70°C.

The preclpltated nuclelc acid from each sample was collected by
. . -

filtration on Whatman GFA paper’ (2. 4cm circles) and washed 3 times with

'cold 5% TCA and once with 98% ethanol Thé filter papers were then

dried at 100°C and counted for 1257 act1v1ty 1n the Nuclear- Chlcago The
fractlon hybrldlzed at each time p01nt was determlned by the ratlo of
th&)radloact1v1ty in the RNase treated samples to the radloact1v1ty 1n

the untreated samples. For the C ot curves, the values so obtained were

' ~corrected by subtraction of the jintrinsic RNase- re51stant fractlon.



RESULTS
Immunofluorescence

hFor the myeloma lines HZOZO,\JSSS, fO4E, Y5781, and 528; no dis-
creuancies were found between the designated immunoglobulin élass and
the 1mmunof1uorescent sta1n1ng pattern Data concerning‘the proportions
of cells stained by each fluorescently- 1abe11ed antiserum, as well as an‘
' estimate of the ihtensity of stéinihgf are given in Table 2. Photo-
graphs of each cell suspension, stained with‘the antiserum specific for
its heavy chain ciass; are shown in Plate 1:,

The IgG2b -producing myeloma MPC11 showed an unexpeéted staining
pattern with antl—YZb: only one p051t1ve cell was found out of more
than 1000 célls scored. This likely represents the arisal in our
hyeloma line of vagiant cells which ate incapable of producing Y‘heavy ‘
chains; such‘instanges have been reported previouély for other MPC11

cell lines (Scharff et aZ., 1975). The failure of an attempf to"isolate

YmRNA from our 6%11 line (my own unpub11shed results) indicates that
in’ thls case ‘at least the presence of such variant cells is the result

of events at the transcrlptlonal or the gene 1eve1 rather than at the

vtranslatlonal level. ’

=
In all cases, a control stalnlng made with an unre;ated antlserum

(anti-y,; in the case of the IgM myelomas and anti-y in all other cases)

was found to be’ completely negatlve,

DNA Preparat1on

i

It ‘was found that a convenient amount of startlng mater1al for
"the preparatlon of DNA was approx1mate1y 200 tumors or 300 livers, from

_whlch 10——20m1 of purlfled nuclei were usually obtalned y1e1d1ng a

37
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TABLE 2, Immundfluorescent Stainjng Patterns of Mouseé Myelomas
"Specific Proportibn of Intensity of
Myeloma anti-serum stained cells staining
- . o ranged from
104? anti-u ‘ 75% bright to faint
Y5781 anti-u : 15-20% ~ bright
s 75—80% ranged from faint
- to almost negligible
* 528 anti-vy,. . 50% moderately bright
Js58 anti-o 90% " bright
H2020 anti-o 90% moderately bright




>

Plate 1. Intracellular%mﬁmofluorescent staining pattern of.
» mouse myeloma ines. , - :
" Antisera used: H2020 and J558, anti-a; S28, anti-yi;

104E and Y5781, anti-u. _ : \
‘ | RN
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>

in large quant1t1es were prepared oﬂ separate occasions. Since. the

‘results obtained at each step of the prqcedure we&e entlrely comparable
S

- on cach occa51on and for each QNA type, the final results only are

summarlzed 1n Table 3. Detailed results of the size determlnatlon and
the SP50 column fractionation are glven below for one preparat1on as an
examy.le. .

I'he ODZSO scan of the sucrose deneity-gradient centrifugation of

a 104E scr 1cated DNA preparatlon i% shown in -Figure 1, in comparison:

41

flnal amount of 75—-150mgm'bNA Therefore, those types of DNA requlred.,

witl. that of rlbosomal and transfer RNA The dlstances of mlgratlon of

the two \NA components of known S values (dlstance A for the 4S tRNA

and thtance B for ‘the 18S TRNA) were correlated to the average distance

(‘ e
of»migratlon of the DNA in the parallel gradlent - as shown 1n F1gure 1.

In this way, the S value of the’ DNA.peak was determlned to be 8.5.

’ Accordlng to .the formula of Studler (1§65), '0.0882 MO - 36,'the aver-

age single- stranded molecular welght_of the sonlcated DNA was therefore

calculated to. be 1 6x10° (equlvalent to 500 nucLeotides per strand,

«

;assumlng an average molecular weight per nucleotide of'320),‘,The

T4 iy

elution proflle from an SP- 50 column of this same 104E preparation is

shown 1n,F1gure 2. More than 90% of the OD260 absorblng mater1al was

'eluted'in one p%?}g representlng the;ébnacated DNA. The tall of this

peak probably‘contalns DNA fragments which are con51derably smaller

than the average size. By ﬁbollng fractlons as 1nd1cated such‘DNA

~ .

fragments, plus the small amount of OD- absorblng mater1a1 eluted after

-

extensrve washlng of the column (probably dlgested RNA fragments), were

. excluded from the DNA used for hybr1d1zat1on experlments._ Furthermoré

] o
Y

No
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s1nce SP50 is a catlon exchanger, the DNA pooled from this column should
bc free of all hedvy metals which m1ght 1nf1uence the hybrldlzatlon

reactlon .

"Pr‘eparat1 on of Rad1oact1ve in vivo Mar'kers

104E and H2020 myeloma cells were labelled w1th [358] methlonlne
~as‘descrlbed,_‘ln Materlals and Methods.'-Incorporatlon of 35s into the
acid insoluble material of thehcell supernatant was 6.25x107cpm per ml
for H2020 and 2. 05x107cpm per ml for 104E. In each cell suspen51on,
apprOX1mate1y 80% 11ve cells were present -at the start of the 1abe111ng
t1me and 60 at- the end. Th1s 1nd1cates that the ac1d~1nsolub1e |
' rad10act1v1ty has actually been secreted 1nto the med1um and.notimerely
released by the 1y51s of dead. cells\<% |

“ The labelled 1mmunoglobu11ns were. then 1solated from the total
secreted protelns by fractlonatlon of the celllsupernatants on . sucrose l
gradients. The 0ODygp scans and ‘the - TCA prec1p1tab1e counts of the peak\
fractlons are given in Flgure 3. Fractlons 5—7 were pooled from the-«
'104E gradient as -[358]- IgM (l 8x10°%cpm) and fractions 17.and 18 from
'the H2020 gradlent as [358] IgA (2 3x107cpm) . 4 |

From each of these pools, approx1mate1y 10 was saved as complete
in_vtvo IgM or IgA for future use. Pure heavy chaln markers were |
‘prepared from the remainingJQO% by reductlon and afkylatlon of the
'dlsulphlde brldges, followed by G200 Sephadex columm chromatography
under ac1d1c condltlons Clean separatlon of the heavy and light
chalns was achleved in each case, as: shown by the elutlon proflles ln
: c

Figure 4, Fractlons were pooled as 1nd1cated,,y1eld1ng in vtvO>\
[355]ulchain (lnglOscpml and in vivo [3%S]a chainﬁﬂﬂ.4x107cpm).

-,
<
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P‘repar"ation of HeaVy Chain mRNA's

Since it-has'beed ehown that'the ﬁajorityiof immunoglobulin eyn—
the51s occurs on polysomes bound to the endoplasmlc retlculum (Sherr and
Uhr 1970 Tonegawa and Baldi, 1973), the first step in the preparatlon

: procedure was the 1solat10n of nondegraded membrane bound polysomes
(MBP) Sucrose density gradlent cent?ifugatlon proflles of such prep—
arations derived from H2020 and_104E myeloma tumors and con51dered

usable for the 1solat10n of mRNA are shown in Flgures SA and 5B,
respectively. In comparlson is the proflle from a- preparatlon con51dered
too degraded for use (Figure 5C). f%e major factor con51dered in i
estlmatlng the quality of the preparatlon was the relatlve proportlons

of materlal_at the light and the heavy ends qf the gradlent. That 15,_
"a.grédual decrease in peak heights towards the smalier pelysomes, as inv

Figures SA and 5B, 1nd1cates that degradat1on is minimal;.on the other
h;hd a relat1ve lack of material at the heavy end of the gradlent plus
increasing peak helghts towards the- monosomes, as in Flgure 5¢C, ‘indi-
fates thatothe maJor1ty of polysomes have been degraded.. Approx1mately»
; 200 tumor-bearing mice of each of 104E and H2020 y1e1ded about 3000
ODzso units of MBP from wh1ch the heavy chaln mRNA was isolated in each
case.
The phenol e;tractlon of these MBP preparatlons resulted in 53mgm

_vof H2020 RNA and 80mgm of 104E RNA, assumlng that 1.0D260 un1t is- equlva—
" lent to 25mgm of RNA, with ODzeo/ODzeo ratios of 1.81 and 1.85, respec-
tively. These membrane -bound polysomal RNA's ‘were each subjected to ‘two

successive chromatographies qn~011go(dT)-ce11ulose. The quantltles of

RNA obtained by each wash; as well as the recovery and retention values

» N <
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of each column, are given in Table 4. The rationale for this step is
that most eukaryotic mRNA's contain a sequence of poly(A) at their 3'-end

K

(Lee et al., 1971). This sequence binds to oligo(dT) uhder high salt
cohditions and is released in the absence of salt. It'has furthe; beenv
shown. (Av1v and Leder, 1972) that the large portlon of the MBP RNA which

- does not b1nd at the hlgh salt concentratlon (TEK[O 5] buffer) consists
main}y of “tRNA end_the 55, 185 and 28S rRNA's; The relat1ve1y smaller

, amountAof.loosely bound materiel that is eloﬁed with the intermeoiate
salt concentration (TEK[O.I]‘buffer) consistsjprimarily of 185 and 28S’
rRNA'l In the present work, the poly(Ai—containing fraction fhat

.eluted w1th the- TE-11 buffer of the first ollgo(dT) ~-cellulose column
.comprlsed 2.5% and 2.9% of the input MBP RNA, for H2020 and 104E respec-
tively. However, when these TE II fractions were subJected to a seco;a

- oligo(dT) chromatography, they were found to still contain significant
amounts ‘of material which did not bind in TEK(0.5) buffer. In fact,
although essentlally a11 the 1nput RNA was recovered from each of theee

_ second_columns, oniy 41% (H2020) and 31% (104E) were recovered in the
TE—II eluant, resultlng in a final retention value of approx1m§te1y 1%
in'each case. By énalysie in sucrose gradiehts, the major4componeﬁt of
thIS second TEK(0.5) wash was found to be I8S rRp§A, as shown by the -
third ODzeo scan in Figure 6. In addi®on, the heat treatment’ before
each chromatography was found fo be GEry'crltlcal, as is evident by a .
comparison of the first two ODzeo scéns in Figure 6: in a trial prepara?
‘tion of H2020 RNA, chromatogrgphed without heat treatment, a sigﬁificant
amount of 18S hateri'l was'stili pfeseht in the poly(A)-containing

' - . L
fraction even after the second oligo(dT)-cellulose column. 'In contrast,



© TABLE 4, 0ligo(dT)-Cellulose Chromatography of

Membrane Bound Polysomal (MBP) RNA

51

2nd Column

* Overall Retention

0.91%

12020 1st Column
. 1320 00260 units of 33 OD260 unjts of
. Input HZPZO MBP RNA 1st Column -TE-II wash

Wash buffer TEK(0.5) . . TEK(0.1) TE-11 TEK(0.5) TEK(0.1) TE-11
Vol1urne of e ‘ .
wash (ml) 45 . 45 11.5 17 10 13.3
Total 0Dogg . : v
units elied 1170 9 33 17 . 0.5 13.6
Column. Recovery - 92% 94%
Column Retention™*: 2.5% ° 41%
Overall Retention 1.03%

104K ‘1st Column 2nd Column

2000 0?260 units of 5‘8_ 0Dz¢q units of

Input T04E MBP. RNA < 1st Column TE-II eluant
Wash buffer h ‘TEK(O.S) - TEK{0.1) TE-11 TEK(0.5) UTEK(,OJ) TE-11
Volume of ' ‘ a ' I
wash (m1) 55 . 3Q 16 23.5 13 _ 21.5
Total 0Dy¢, ' ‘6 -
units e]uggd' 1925 12 _58 35.6 . 4 18
Column Recovery 99.8% 99%
Column Retention 2.9% k3] 4

*Retention refers to prcportion

O.

bound at O.‘\i

and 0.1M salt.



52

_ . & .
. u:o%a.& 1erreaed e ur .
vuquSm vNY Hﬁaomonﬂ ® mo :oaummswﬁucou E POUTWISIAP SBM suoryrsod ST oYL
-yNy TemosX1od punoq-auerquoul 0Z0ZH woxy SuoTIdBI} .
s50TNT199-(1p)03T10 30 uoT3edNFTIIUD Judtpead A3TSUSp 9S0IIMS [eoTIhIBWY 9 2an3 14
A NOILOVHY )
s o 6§ 0 52 OF ,
o) — o}
o O
3 ]
w. o
020+ 0020
0v 0+ -00¥0
090 L0090
" 080+ > S8l :coe.am,: jeay+) - ° {1usuijean .aﬁ?. E (1wewieas} 1Bey =)
o ST usem(SOIM3Lpud | . Y usem X-31 py? 4 . yses X-31 pyd
‘Q«u .



:‘!‘

@_ Charaét“;érj-izé}ti‘bn* 'o’r:i}"Hea\vy,j,,C;h'ain mRNA's

-second TE-IT eluant,

53

with heat treatment virtually no 18S ﬁaterial could be detected ,in the
‘ - 4 .

The poly(A)-containing mRNA's from the second TE-II wash were then
frac%ionéteﬁfby preparative sucrose denSitY gradient centrifugation,
Figure 7 gives the OD2e, scans of. each gradient, as well as manual OD
measurements of seiected fractions. With bbth H20§0 and 104E, the
majority of the RNA sedimented in two clearly distinguishable portions
of the gradient. In each case, one major peak wae observed at approxi-
métely the 13S position, which cerr;sponds to the sedimentation value ,
of light chain mRNA. 'In the case of H2020, most ef the remaiqing RNA
sedimented>as a clearly distiﬁguishable, relétiiely homogeneous peak at
approximately 16S. With 104E; the majority of the remaining RNA |

sedimented rather diffusely in the 17-18S region. The ratio of the

LY . : E
amount of material in the heavier portion to the amount in the 13S peak

2 -

was signifieantly greater for H2020 than fer 104E. The fractions in the .

- 16S region of the H2020 gradient and in the 17-18S region "of the 104E
grad;ent whlch were thought to contain the: heavy chain mRNA (1nd1cated

by the’lmaﬁl arrows 1n Flgure 7) Were used for further analys1s and

<

-

Thé?pre§umﬁtiﬁgkheavy'chain mRNA fractions, obtained from oligo(dT)-
4ce1;ulo§EQchroﬁatography'and sucrose gradient fraétionation; were tested
forvthei: ability to stimulate the synthesis of polypeptides in vitro.

On the!bhsiseof the relatiﬁe-sharpness of the sucfose gradienf peak, the
-~ .0

two H2020 168 RNA fractlons were pooled prlor to translat1on. However

51nCe the 17 '18S 104E peak was rather 1ndist1nct fractlons 9 to 13 were

-

o
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Figure 7.

V)
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% 25 20 15 10 5
FRACTION .

—D

Preparative sucrose density gradient centrifugation:
of the TE-II fractions obtained by two successive
oligo(dT)‘%hromatOgraphies, each preceded by heat
treatment. : ' -
Solid-curvés represent continuous OD2¢o scans,
points represent manual OD2eo measurements. ATTOWS
indicate those fractions taken for further purifi-
cation and/or translation. The 188 position was
determined by centrifugation of a ribosomal . RNA
standard in a parallel gradient. '
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translated separately to determine if any differences could be detected

-

in their cell-free proddcts. Five Ugm of the H2020 pool and 3 ugm of
each 104E fraction, weie:trenslated £h the cell-free.s;stem described in
Materlals and Methods; along w1th 1 ugm of globln mRNA as a control. ‘
Incorporation of 355 into the'TCA—prec1p1table materlal in each case 15:
glven in Table S. These f1gures show that the addltlon of each RNA

fraction to ;he cell free system resulted in a 51gn1f1cant stlmulatlon

of incorporation over that obtained endogenously. No~ 51gn1f1cant

55

dlfferences were ev1dent 1n the act1v1t1es of the various'104E fractiohs.

- -

HdWever, each showedlapprox1mately 25% less stimulation than the H2020

A

pool,-which in turn gave about 50% of the stimdlation obtained with the
globin mRNA. E

Prellmlnary ena1y51s of the‘products synthe§1zed in respohse to-the
H2020 16S pool and the 104E 17—185 fraft1ons was performedlby electro-
' phore51s in SDS polyacrylamlde slab gels Autoradiographs of each gel
are .shown in Plates 2 and-3. ~ From PIate 2, it is evideht that the. |
majority of the H2020 cell-free products migrate as a single band, with
a mobility wvery slightly greater than the in vtvo IgA heavy chain; that
. is; the majorlty of the cdmponents translated from the H2020 16S sucrose
gradlent pool are very closely related to authentlc o chalns In fact,
‘prec15e*coelectrophore51s ‘was not expected, since the in vivo secreted
forms of immmoglobulin heavy chains are known to have attached carbo—
ihydrate moeities which slow their electrophoretlc mob111t1es in SDS—
ac£§1amide’géls these moeities would not. be added in a cell- free

translatlon system (Schubert 1970) . “The H2020 cell .free products also

formed a number of minor bands, each with a/poblllty greaterathan that

’ . ~
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TABLE 5.

Incorpbration of *°s into Azid Insoluble Material, by a
g Cell-Free Translatjon System Supplemented with Various
o RNA Preparations v
#* B
- Total TCA-precipitable counts pef minute
' h : per reaction ) ' per ugm of
Added RNA mixture ©  added RNA
- (x1078)" (x107°) .
—_ i 0.52 —_
Purified - - ’ :
globin mRNA 5.83 3.83
. o :
HZ020 / .
165 RNA 9.61 1.81
104E RNA .
) fractions: 9 ‘71.40
10 1.33
11 | 1,40
12 - 3.7 1.23
‘ 13. “ T 1.33

56.
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Autoradlograph of SDS- polyacrylamlde gel electrophore51s

:0of the products synthesized in a cell-free translativn
system in respdnse to the- H2020 16S RNA preparatlon

Plate 2.

1.5x10%cpm of these cell-free products were co- -electro-
phoresed with Zn vivo IgA isolated from H2020 cells .
(1x10%cpm) and with the cell free products of purified
rabbit globin mRNA (5x103 >cpm) & Electrophoresis carried
‘"out at-120 .volts for 14 hours. Exposure time for the

autoradiograph, 3 -days.
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Plate 3.

A

Autoradiograph of SDS—pdlyacrylamidé gel electrophoresis.

of the products synthesized in a cell-free translation
system in response to various 104E RNA sucrose gradient
fractions.- e : :

Sx10*cpm from each fraction were coelectrophoresed

with in vivo u chain isolated from 104E cells. Electro-
phoresis carried out at 120 volts for 14 hours. Exposure
time for the autoradiograph, 10 days.

- o,
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~of the major band. The'se nlnor bands cannot be attr1buted to contamln; ) ‘
ating mRNA's in the cell free system, as the globin control is completely
ffree~of'correspond1ng bands. The possibility cannot be excluded that
“they represent the cell—free-products of mRNA's other- than that coding .
for the a chain ‘!Swever, it is equally p0551b1e that at least some of
them represent peptlde fragments of the a chain itself. Such fragments
could arise by false initiation or premature term1nat1on of translation,
- or by post-translatlonal cleayages. In fact, it is thought that immuno-
giobulin chains synthesized in vitro lack proper disulphide bridges,
and are therefore more‘susceptible to such cleavages (Swan et aZ.;
:1972) ' |
In the second gel (Plate 3), the cell-free products of the 104E
sucrose gradlent fractions 9-13 were electrophoresed in parallel w1th
vthe in vivo IgM heavy chaln As in the case of the H2020 electrophore51s
Ait was not expected to f1nd a band in the cell- free products corre- t
sponding directly to that of the tﬁ vivo M chaln However, in actuallty,
a large number ofdbands of relatlvely equal 1nten51t1es were found, all
w1th mobilities greater than that- of the in vivo U chain. A The poss;l .
bility that some of these bands represent peptlde fragments of the
slowest mlgratlng band (as discussed for H2020) is supported by the
correlations between the 1nten51t1es of certaln bands. For example,
in Plate 3 the intensities of the bands in reglon 1 of fract1on 13 ar;‘

relatlvely less than in fract1ons 10 ‘and 1%, and so is the 1nten51ty of

band 2. However, for band 3, the 1nten51ty is greater in fraction 13

ractlons 10 and 11. Therefore;~band 2.probab1y represents a.

gment "of the bands in region 1, whereas band 3 is likely
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caused by the cell-free product of a different mRNA. By such oriteria,

the RNA from fractions 10-12 of the 104E ‘sucrose gradient canvbe said to
be relatively similar in Trespect to the cell-free products produoed. |
However, by the SDS-polyacrylamide gel electrophoresis alone, it is not.
possible to determlne if all or any of these cell-free products corre-
spond to authentlc U chains,

Further analysis of the cell- free products was therefore performed
by tryptic dlgéstlon’followed by two—dlmen51oﬁh1 high voltage electro-
phore51s Plate 4 shows the autoradlograph of the electrophore51s in
pH6 5 buffer of the tryptlc peptldes formed by the 104E. sucrose gradient

/azilons 10- 12 and by the in vtvo U chain. 1In each case, the majority

of the radloactivity was found in one spot slightly oh the basic side

' of the or1g1n (position 1 in Plate 4), 1nd1cat1ng either that the tryp51n

dlgestlon was not effective or else that most of the peptldes formed were
neutral in the pH6.5 buffer. The in vivo Y chain showed at least one
maJor peptlde not found in the cell- free products (pos1t10n 2) However,

51m11ar1t1es do ex1st between the patterns formed by the in vitro and

the in vzvo preparations. . Furthermore "when the basic peptides were

€

‘cut out as indicated and reelectrophoresed in the perpendicular direc-

©

t10n in pH3.5 buffer, the patterns formed by the in vztro and in vivo

preparatlons deflnltely did correspond (See Plate 5. Positions marked

» 1 and 2 are equivalent to those 1n»P1ate 4.) In particular, the extra

- peptide ev1dent in the 7Zn vivo u chaln at position 2 1n the pH6.5 buffer

seemed no m1grate to a drstance.equ1va1ent to one of the peptides from -
position 1 of the 104E cell-free products. (These 'equivalent' peptides

are indicated by a number 3 in Plate 5.)



Plate 4.

Ed

-

Autoradiograph of the high voltage .electrophoresis
at pH6.5 of tryptic peptides from the cell-free
products of 104E RNA fractions and from in vivo W
chain. : : o

3.5x10%cpm of each Samplé applied. ElectrOphoresis
carried out at 3000 volts for 60 minutes. Exposure
time for the autoradiograph, 7 days.
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Plate 5. Autoradiograph of .the second-dimensional high volfage

electrophoresis at pH3.5 of the 104E basic peptides
obtained by the pH6.5 electrophoresis. :

. Positionsli and 2 are equivalent to those in Plate 4,

Electrophoresis carried out at 3000 volts for 47 minutes.
Exposure time for autoradiograph, 28 days.
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o

A Samllgr analysls was carried out for the cell-free productb of
;
the H2020 £6b S%ﬁfc%e gradlenubpqol in comparxson with the in vivo o ‘
= hq, MRS

cha:n Plafeskﬁ and 7 show the autoradlographs of the pH6 5 and pH3.5

n .
elccthophore51s respectively. (Acidic and basic peptides weréﬁcut

apart as indicated in Plate 6. Positions 1, 2; 3 and 4 are equiyalené
"in both plateé.) From this two-dimensional electrophoresis, it is

" evident that all the tryptic peptides of the ?p vivé o chain are also
present. in the in vitro preparatlon This is very convincing evidence
that authentic o chalns were actually produced by the translatlon of
the RNA from the H2020 16S sucrose .radient pool. Extra in vitro
peptides, which do ndt correspond to any. of the in viwo ﬁeptides;
comprise only a very minor.portion of the total prepafation; .Iheir
possible origins have already been outlined in the preceding discﬂss;on

on SDS-polyacrylamide gel electrophoresis. N

Further Purification of fhe Heavy Chain mRNA's

Using as a guide the results obta;ﬁed by thé”éAalysis of the
cell—free'products, the RNA- from fractions 10;L2 Qf thé'ioaﬁ sucrose
_gradlent was taken as the source for the further purlflcatlon of mRNA
Slmllarly, H2020 o mRNA was further purified from the .16S RNA sucrose
.g;adlent pool. ’

anch of these preﬁafations was first1examin§d‘by,ah;IYticali
féfmamide'gél elecﬁrophoresis to obtain some‘idéa of théif éurity'inde—
‘pendent oflthét obtained from the analysigldf theif tradsiation produéts.’

Samples and gels were prepared and electrophoresed -as described in

Materials and Methods, u51ng 5 ugm of ‘the H2020 preparation and 10 ugm



Plate 6. Autoradiograph of the high voltage electrophoresis at
pH6.5 of tryptic peptides from the cell-free products
of H2020 16S RNA and rabbit globin mRNA and from in
vivo a chain.

1x10%cpm of each sample applied. Electrophoresis
carried out at 3000 volts for 47 minutes. EXposure
time for the autoradiograph, 4 days.

&
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plate 7. Autpradiograpﬁvof'the second-djmensional high voltage
= electrophoresis at pH3.5 of the H2030 acidic and basic
peptides thained by the pH6.5‘e1ectrophoresis. 4

Positions 1, 2, 3 and 4 are equivalent to those in
) ~ Plate 6. Electrxophoresis carried out at 3000 volts for-
60 minutes in the case of the acidic peptides; at. 3000
volts for 47 minutes in the case of the basic peptides.
Exposure time for tbe‘autoradiographs; 14 days. :

o
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+ of the 104E preparatlon per gel. Too ugm of mouse iSS fRNA were run on
a»parallel gel. Stalned gels a;e shown in Plate 8, In the H2020 gel,

the maJorlty of the RNA mlgrated as one band with a mob111ty very sllghtly
1ess than 188 rRNA, Only a small amount of 11ght1y stained material is
: not1ceab1e on either side of thls major band. In the 104E gel the-
H_-mRNA migrated'significantly slower thahulss‘rRNA, and the propd%tion,
‘of dlffuse materlal surroundlng this band was much greater than in the
ea§€“of.H2020.’ In addltlon a second band is ev1dent at exactly the 18S
position. Howeve{, the d1stance between these two bands is ‘great enough
ity e 1 MRNA should be

‘attalnable by cutt1ng out  the correspondlng gel slice. Also by such a

that a significant'increase in the pur

-procedure it should be possible to e11m1nate large proport1ons of theg
v N d

kN
diffuse mater1a1 around each major band. With this purpose, therefore

5

the remaining portlons of the 104E and the H2020 sucrose gradient .

preparations - (45 ugm and 20 ugm, respectively) were subjected to prepar—'

atlve formamlde gel electrophore51s Representatlve gel scans of each

\

are shown in Figure 8, and the portlogpcut out from each gel is- 1nd1cated
The elution of RNA from these gel slices and: the removal of coeluted
polyacrylate was carried out as descrlbed in Materials and Methods. The
final yield in the NP(O 4) fractions, in the case of both H2020 and 104E
was measured at 0 1 OD26¢ units (equlvaient to 4 ugm of’ RNA) After .
d131y51s Qf the NP (0.4) fract1ons agalnst water and concentratioh by
lyophilizatxon, the eluted materlal was ethanol preC1p1tated and dlS—\

solved in 20 ul HzO At this p01nt therefore the RNA concent;atlon

could be estlmated as 0.2 ugm/ul for both H2020 and 104E e
N

To ensore thatcﬁhe eluted maté%1a1 still had ‘the character1st1cs of

-



Plate 8.» "‘Analytical polyacrylamide gel'electfophoresis in §9%

formamide.

©w

‘HZOZO and 104E 8NA'preparation$ were electrophoresed

in parallel with a ribosomal RNA standard. Staining
by a 0.005% solution of Stains-All in 50% formamide;
destaining. by tap water.(Direction~of e;ectrophoresis

~was from top to bottom.

it
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Figure Bjtgbreparative polyacrylamide gel electrophoresis in
: . 99% formamide of the H2020 and 104E RNA prepara-

- "8 tions, in comparison with a ribosomal RNA

standard.
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the corresponding heavy chain mRNA, and to obtain some estimate of the

increase in purity, S5 ul of- each preparation was then rerun on formamide.

T
¥

gels, in parallel with 2 ugm of 185 TRNA. Gel scans are shown in
Figure 9. " In both cases, a definite peak was evident at th; expected
positioﬁ and the eluted material migrated as a significantly nar{pwzr
band than in the original gels. ﬁgwever, wheﬁ thélrelative heights of
the H2020, 104E “and rRNA peaks‘are compared, it seems as though

0.2 ugm/ul was an overestlmatlon of the concentratlon of the ¢y and «
mRNA's, That 1s, either the OD measurements. of the NP(0.4) fractions
were in error, or slgnlflcant amounts of RNA were lost durlng the

1yoph11123t1on and prec1p1tat10n steps In partlculur, the concentration

of H2020 a mRNA appears to. be about one half that of kﬁn 104E u mRNA.

.Preparaﬁon of 'l’zfgl-]abeﬂed RNA' .

’
N

The H2020 and 104E hegg; chain mRNA preparatlons obtalned by elution
- from formamlde gels were r;dloactlvely labelled w1tH 1251 . Because th1s
'1sotope has a relatlvely short half life, the RNA preparatlons had to be
'1od1nated on two separate occasions in order to carry\?ut all the hybr;d—
1zat10n experlments described below. Since the specific actlvity of tﬁe
resultlng ?251 labelled RNA is 11ke1y to be different on each occa51on
.the'first iodination is indicated. in all future ‘work by a #1, and the
second by a #2, | | |
. ‘On both occasions, 5 ul of éaxh‘preparétion were iodinafed using
\ZﬁC1 of 1251 in parallel with 1 Hgm of 188 rRNA as a control. Figure 1D
'shows the 10-28% sucrose gradlent proflles of the flrst iodinated

pfepaxations. ‘Degradatlon of the§RNA‘dur1ng iodination appears toﬂbe

‘more extensive with the 104E and H2020 mRNA" preparations than with the

I
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185 rRNA. S{BCC the number‘of cpm's of 1251_1abelled RNA obeained vastly
v exceeds the required amount for hybridization experiments, only the
heaviest peak fractions were pooled and ethanol-precipitated as indicated
in Figure 10. Because the 104E #2 preparation appeefed excessively‘
degraded in the first gradient, the heaviest fractions were rerun on a-

second gradient before pooling for use in hybridization experiments (see

;}gure"ll).
Preparation of a 135 3'-end Containing Fragment of H2020 o mRNA

Approximately 90% of the second H2020 iodinated preparation wae
subjected to two successive steps of chromatography on ollgo(dT) cellulose
in’ order to separate 1ntact molecules and those fragments conta1n1ng the
poly(A) 3'-terminal sequence from those fragments conta1n1ng only
_internal and 5'-term1na1 sequences. Of the 1nput rad1oact1v1ty, 11%

was bound to the first column and 90% to the second column under high

o salt condltlons, indicating that the second TE-IT. wash con51sted almost

entirely ef poly(A)-containing material. . This materlal was then fraction-
ated accord1ng to size by two succe551ve steps of 10—28% sﬁcrose deneity
_gradient centrifugatlon (FlgureAIZ). Parallel gradients were Tun with .
that portion of H2020 RNA from the secorid iodination wh1ch had not been
subjected to oligo(dT)=cellulose chromatography (that is, which contains
all the sequences of the complete RNA molecule) The fragments sedi—
menting at approxlmately 13S were collected ds 1nd1cated from each
gradient. 1In all experlments to be descrlbed 1nv01V1ng this 13S 3'-~end -
containing fragment the 'complete sequence' RNA used as a‘compar1son ;
was that derlved from these equlvalent 13S fractions of zziggllgo(dT)—

unfractlonated H2020 #2 preparatlon. ‘This eliminates co ely any
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cpm (x1074)

o

H2020 #2 18! Sucrose Gradient

H 2020 #2 2" Sucrose Gradient
® complete sequence ‘

e complete sequence

© o 3'-end’ containing ‘tragment o 3'-end containing fragment

16S 13S 4s
i |
kR
607 154 )i
165 13S 4s \
o l |
504 — ® |
' N / ——

40-

304

0 J |
. /
204 7 ‘ o* H H 54

/ o
+ ey |
104 , A fﬁfx% , - L,d o\o \ &
| Qo ‘ ) LR ™
u r , %S@T -ﬁg — R
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“— FRACTION '

i

1

Figure 12. Fractionation of 3'-end containing fragments and

'complete sequence' fragments of a 1251 1abelled
H2020 o RNA preparation by successive sucrose
density gradient centrifugations. :

Reference positions determined as per Figure 1l.
‘Fractions pooled from the first gradient (indicated

by the bracket) were resedimented in the second
gradient.
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tHe 3'-end containing fragment.

possible variations due to a 5ize dif{vrcnev hgtween the 3'_éqg contain-
ing frpgmenéoﬂnd the complete-sequence contuining‘frngmentl

N . Remaining fractions trom the first and second gradients bf the
'como}ete sequence' RNA which had sediﬁentutioo values greater than 10S

were also pooled, and used as an-additional source of '?51-1abelled

H2020 mRNA (that is, H2020 #2) for experimepts which did not involve .

Hybridization Experiments . : , |

In all fesults presented below. the preparatlons of DNA and 10d1o—
ated RNA used were eqoiValent within, but not necessarlly between, »
series of experiments.’ Because of the uncertalnty discussed above in
the actual concentrations of the f1na1 RNA preperatlons it was 1n1t1a11y
assumed that each iodinated RNA had .a spec1f1c acta%ﬂty of 2x10° cpm/ugm
This figure is based.on experlence Wlth the 1od1naq10ﬁ of immunoglobulin
light chain mRNA (Topegawa et al., 1974) ' I
Hybridization Kinetdcs ofiH2020 o and JJZE;Q RNA Preparations
with Mouse Liver DNA S . S /

- " B, !

In order to scan as large a range of . C t values as p0551bbe hYbrid;
ization was performed at a low DNA concentratlon (0.20 mgm/ml {as well
as at a hlgh DNA concentrat1on (20 mgm/ml) In each case, 4 10?cpm's of
RNA were added per ml of the f1na1 hybrldlzatlon mixture, resultlng in
approx1mate DNA/RNA ratios of 1x10° end 1x107, redpectlvei? Xs a i
comparison the hybrldlzatlon kinetics of mouse 188 rRNA were also
studled at an 1ntermed1ate concentratlon of 2 0 mgm/ml (DNA/RNA ratio =

1x10%). - As evident in Figure 13 the majorlty of the RNA sequences

present in the H2020 o and the 104E u RNA preparatlons hybrldlzed with
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Figure 13. Hybridization kinetics with mouse liver DNA (#1).

‘RNA from the first jodinated preparation was used in.
each case. Arrows indicate apparent log Coths's.
W @ AT DNA concentration, 0.20 mg‘m/ml
- ratio of DNA to RNA; 1x10
O A : DNA concentration, 20.0 mgm/mi
“ratio of DNA to RNA, 1x10° '
O : DNA concentration, 2.0 mgm/ml
_ ratio of DNA to RNA, 1x10°

Intriq_sic RNase resistant factors: @, 10.80%; o, 2.7396; v

A, 0.16%; &, 0.92%; O, 0.58%.
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mouse liver DNA at C,t values greater than 10’ (Cd{hfhlues belng the s
] /:—'

product of the DNA concentratlon and thc annealing tlmes, eﬁpressed as

mol.-~-sec.,/1. ) The kinetics of hybrldlzatlon were not d1st1nctly bi-

"

. phasic in either « case; however, thé proportlon of’ RNA Sequences'

- » N

hybridizing at-Cot values lower than lO2 was deflnlteiy.%reater for the
‘U RNA than for the a RNA. Fhe poss1b111ty that this was due to some Pl

o)

re51dua1 TRNA stlll present in the 104F preparatlon was 1nvest1gated by
a competltlon hybrldlzatlon experlmenx,Au51ng an excess ofNcold 183

<

TRNA. ThlS experlment was carried out at the low DNA concentratlon 4

only. The klnetlcs of hybr1d1zat10n under these condltlons are-shown

in Flgure 14, where 1t is ev1dent that, by the addltlon of exces 8S -
T@NA, the proportion of hybrid formed by the 104E preparatlon g:i:j\

» .
Cot Values ‘was reduced by at least 5% Thls reductlon resulted 1n
levels of hybrldlzation at the low C,t Walues not 51gn1f1cant1y dlffer-f
hvent from those obtalned with the H2020 o RNA Therefore, of the 45°
'70% the 104E preparatlon‘whlyh hybrldlzed at the maximum - C t values, a.
minimum of 5% consisted of TRNA sequencesr

At the highest C t value ach1eved the portlon of RNA hybr1d1zed

had not yet reached a definite méxlmum value in elther case. waever

in order to obtain some estimate of the gene frequenc1es correspondlng
t% these RNA sequences the max1mum percentage hybrldlzatlon was approx-'
1mated as 45% for the H2020 RNA and 50% for the 104E RNA: From- this,
apparentncotk valuee’tthat is, the'Cot values';t 1/2 the maximum»
hybridization) of 790 and 630; reséeetively, were obtained, with the

5% correction value for rRNA being applied in the case of 104E. (The

values of the'?pparent log C,tk's are indicated»by the arrows in

-
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Figure 13.) The following formula”deri ed by Bishop et‘bli (1972) can

" be used to convert a Cgtls value to a rejteration frequency:

_.Cz x G1 : ; -
- | ‘ | } - N
where Ci = Cot% of E. coli cRNA 1h 2xSSC at 70°C (= 8. 1)*
- G1 = Genome: size of E-. coZL\DNA (=2. 7x109 daltons)* ‘
2 = Genome size of mouse liver DNA (= 1. 8x1012 daltons)*.
C2 = Cytls of the mouse RNA sequence 1n\quest}on,,

‘and ~F = reiteration frequency of the correspondlng sequence
in mouse iiver DNA.

In this way, & nom1na1 relteratlon frequency of apprbx1mately*7 was
‘/—’
obtalned for the H2020 d gene, and approx1mate1y 8 for the 104E u gene

In comparlson,qthe relteratlon frequency of the mouse 18S rR!K gene was

:determined to be ‘175, from an apparent C tls of 32. _This is in good
agreement ‘with ﬁublished results (Melll-ettal,,.197l; Tonegawa et'al.:

1974) .

( Hybridmzatton of H2020 and 104 u RNA's with DNA's from

Vartoue Heavy Chamn—produczng MyeZomas

.

The questlon was, asked Do mRNA's\Sontalnlng one. partlcular heavy

- &

chaln sequence hybridize to the .same extent with heterologous heavy chain

myeloma DNA's as w1th their homologous myeloma DNA? B Sy
The first serles of experlments performed to 1nvest1gate this

'quzstlon 1nvolved ‘the hybrldlzatlon in all p0551b1e combinations of the

H2020 and 104E RNA's and DNA's In these initial experlments, the f1na1

level of hybrldlzat1on was of major interest; consequently, only one

s

*Values taken from Melli et al. (1971). T

% .
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ample was taken from the hybrldlzatxon mixture ‘at a low C ot value. In

order ‘to obta;n as high Cot values' as p0551b1e without excessively long
’ 1ncubat10n times, hybridizations were carrled out in 6xSSC buffer at
‘7S°é as well as in 2xSSC at 70 C. The Cot value obtalned at 6xSSC was -
then conyefted to the equivalent Cot value Wthh would have been obtalned
at 2xSSC by multiplication with -a%constant equal to 2 5, accor“ng~{o
Britten et aL. (1974). The final DNA concentration was 20 mgm/ml in éach
'eaee 2x10 cpm's’ of RNA were\added per ml- of final hybrldization mix- N
ture in order to obtain as hlgh a DNA/RNA ratio as p0951b1e (1 e. 2x107).
The reSults are presented graphically in Figure 15/ With the H2020
o RNA the final level of hybrldlzatlon obtained with the. heterologous
» (104E) DNA was 51gn1f1cant1y lower than that obtained with the homologous
\(HZOZO) DNA, In contrast the 104E U RNA shgwed no 51gn1f1cant differ-
enees betweenaits homologous and heterologous hybridizations

In ‘the next series of experiments this investigation of‘the final
levels of heterologous hybrldlzations was repeated u51ng dlfferent
preparations of 104E and H2020 RNA's and- DNA' s, and was also expanded to -

&
include the f0110w1ng myeloma DNA's Y5781 (IgM), MPCll (IgG b),

Y

SZB-(IgGl) and J558 (1gA). Hybridizations weret?erformed in 2x8SC only,
u and no samples were taken at low C t values. 'The final DNA concentra—

'tlon was 22.5 mgm/ml in each case, and RNA was added to. give a DNA/RNA

ratio of 2x107 . The homologous hybrldizations of 104E u RNA with 104E

.DNA and H2020 o RNA W1th H2020 DNA, were 1nc1uded gi,controls. Results

B <

are presented in Table 6. ‘With the 104E u RNA, mo dlfferences could be

detected in the final 1evel of‘hybridization‘with any of the six DNA.

preparatlons “The results of the H2020 o RNA hybridlzations are more

[

jj/ ) ~‘. - ' ~
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‘Figure 15. Homolo;gous and_hetero_logvo.us hybxjidizationé of H2020 o and
T 104E u RNA's (#1) and DNA's (#1). , ' .
Circles represent H2020 DNA and triangles, 104E DNA.
Open figures represent hybridizations in 2xSSC at 70°C
and closed figures, hybridizations in 6xSSC at 75°C.
~ DNA ‘concentrations, 20 mgm/ml. ‘Ratio of DNA to RNA, _
—— : 2X107. . : o
. ! o .
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TABLE

Percent Hybrid Formed by H2020 o and 104E u RNA's

DNA from Various Heavy Cha%n froducing;Myelohas

89

\*\

»

with the

. ~
Log Lot . ~y
RNA DNA 2 4 4,25 .3 4.4 4.5 .
5781 10.8 2.1 -S4 35.8
31.7 35,0
i
N AN
4.3 31.3  38.6 _ o 40,8
MPC 11 34.8 38.6
- N
10.2 32.8  35.0 35.3
S28
o 31.5 35.7
I 15.3  44.8  47.8 48.7
=
T J558 45.5 48.8 ,
. 36.0  37.5 , 38.5
H2020 #2 37.0 39.2
E 21.25  26.25 27.25
104E #2 25.3 - 26.2"
14.0  36.3 , 40.2 39.6
Y5781 © & 37.5° 40.4
17.0  35.3  41.0 39.2
MPC.11 36.8 36.6
16.1 34.9  37.1 38.8
o 528 " 34.2 41,6
= . 16.0 - 33.5  36.8 $737.8
. ) .
J558 32.8 37.0
o - - - " -
" H2020 #2 34.9 39.2
| 104E #2° 36,7 37.0
hd o £ ) &
7 ) < . .
DNA concentration = 22.5 mg/ml; ratio of DNA to RNA = 2x10

Each rdéw represents the results of a separate hybrldlzatlon m1xture

P

I
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- ‘
clearly scen by the graphical presentation in bigure 16, The lower level
of hybridization obtained with the 104t DNA i+ once again evident . 528,
MPCI1 and Y5781 DNA's all resulted in essentially equivalent flevels of
hybridization as H2Z020 DNA. The hybridization with J558 DNA produced a
final level greater than that produced homologously.

- Those combinations which showed significant differences in their
final levels of hybridizaéion were then studied more extensively by
determining the kinetigs of their hybridizations. (ot curves are pre-
sentcdjggﬁéaggas 17 (DNA conce;tration = 22.5 mgm/ml; DNA/RNA ratio =
2x107). “In the hybridization of the H2020 o RNA with the JS58 DNA, the.
slope of the C,t curve was essentially the same as with the H2020 DNA,
even though the final level was higher. In contrast, in the hybridiza-

tion with 104E DNA, both the slope of the C,t curve and the final level

of hybridization were loyer than with the H2020 DNA.

, . A L
Hybridization Studies with the H2020 a 3'-end Containing Fragment

By analogy with the illustration of a k mRNA molecule (see Introduc-

:

tion), the structure of the o mRNA can be depicted as follows:

s
. ’ — :

R 1800 (+ 100) \ .

~ 1

¢ . .

bases - L : 1 ' A N P

5'UT \Y% C 3'UT poly(A)

+ P(?) o ' .

length of the 135S 3'-end
containing fragment<>

The x mRNA ‘is known to be approximately 1250 bases in length (Tonegawa

et al., 1974; Milstein et al.) 1975), and it shows a sedimentation

'
3

velocity of 135 in sucrose density gradients. . Therefore, the radioactive-
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Figure 16. Hybridization of H2020-a RNA (#2) with various

myeloma DNA's.
A
A, Y5781 DNA;

, 104E DNA (#2);

O, MPC11 DNA;

m, S28 DNA; @, J558 DNA;

O, H2020 DNA (#2).

DNA concentration, 22.5 mgm/ml; DNA to RNA ratio,

2x107 .
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Figure 17. Hybridization kinetics of H2020 o RNA (#2) with H2020
DNA (#2), 104E.DNA (#2) and JS58 DNA. .
DNA concentration, 22.5 mgm/ml. Ratio of DNA to RNA,
1x107. Intrinsic RNade resistant factor: a, 1.35%;
®, 1.68%; m, 2.75%. ‘ ’
Arrows indicate apparent 'log C,th's.



T
Labelied equence . of the 135 8 end contarning frayment whlw Wl
I‘l't‘["d!"(‘(l tfrom the a mRNA should vorrespond exolusively to {0 repran and
Sountranslated sequences .  {(According to tommertord [1971], the polsin)
tract i+ not labelled hy M)

The first series of experyments itnvolving this RNA tragment itnvesty
pated the final level of its hybridization with H2020 ) 104F, and JLLR
IINA's (that is, the homolopous UNA plus those hetercloypous DNA' which
had shown variant hybridization levels with the H2020 o RNA containing
all the sequences ot the complete molecule). With each DNA, the 'complete

\
sequence' RNA, prepared under equivalent conditions as the 3'-end contain-

ing tragment, was also hybridized as a control. The equivalent lengths
of these two RNA fequences were considered (that 1is, the number ot nucleo-
tides corresponding to 16§ and to 13S), and the DNA/RNA ratios were
adjusted as follows 1n order to obtain as similar as possible DNA
excesses: With the H2020 'complete sequence' o RNA, the sequence ratio
of DNA to RNA is equal to 3x10° (taking the length of this 165 RNA~as
1800 nucleotides, the average molecular weight per nucleotide as 320,
and the molecular weight of the mouse genome as 1.8x10'? daltons). With
the 3'-end containing fragment, the sequence ratio is 5x10° (taki;g the
length of this 13S RNA as 1200 nucleotides). Therefore, in order to
achieve an arbitrary DNA excess o} 3 in each case, the experimental
DNA/RNA rafios were set at 1x10’ and 1.Sx107, respectively. That is,
0.5 ugm of DNA were used per cpm of the 'compHete sequence' a RNA, while
0.75 ugm of DNA were used per cpm of the 3'-end containing fragment.

The final results of each hybridization are presented in Table 7.
These results cénfirm the previous observation that the 'complete

sequence' o RNA hybridizes to a greater extent with J558 DNA, and to a
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sequence
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fragment
complete R 16t
sequence
1558 - e e B
> -
L - s A
«3'-end contalning 430 49
fragment ’

DNA concentration = 2.5 mg/ml.

Ratio of DNA to RNA = 11102 for the 'complete sequence' HIOIC a RNA
‘ 1 5x10° for the 3'-end.containing fragment .
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frless hyvbridizations are rerrormed unbder ¢ nditions where the
amount of DNA vastis exceeds, onou seguence hasiv, The amount ot RNA
the final level of Mybridization w:i! he attected v the aetua. extent
e e DINA excess Melly .ol 197 Slthough all possible efforts
were mide to kheep the eriess constant g the atone experiments, the
nasaibility cannct re excluded that some of the vur:ations observed were
due to unknown and unintentional Jdifferences n o the [ NA excess. here-
fore, an experiment wa~ pertormed where the ratid ot DNA T FNA was
altered purposely and the etfect ot these alterat:ons on the tinal
hybridization level was studied.

A standard ratio was set at 0.5 ugm of DNA per oprmoof ‘lompiliete
segquerce’' H2020 a2 RNA. Using the assumed spec:ific activity cof Ixl1C

5

cpm/ugm for the RNA, this gives a DNA/RNA ratio of 1x10°. Since the
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Figure 18. Hybridization kinetics of 'H2020 o RNA 'complete
‘sequence' and 3'-end‘¢ontaining fragment with 104E

RNA (#2).

DNAN/concentratlon 22, S mgm/ml ' Ratio of DNA to RNA:
[N 1x107; O, 1. 5x107 Intrinsic RNase re51sta.nt

factor: @& ," 2:76%; O '1 58%. .
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sequence ratio of mouse DNA fo H2020 o RNA is equal to 3x105 (as calcu-
K
lated above), the: resultlng DNA exé\§s is approx1mate1y 3~ fold
Hybr1dlzatlons were then performed between H2020 and J558 DNA's and
H2020 o RNA at ratlos of 1.5 Ugm DNA/cpm RNA, 0.5 Hgm DNA/cpm RNA and
0.167 ugm DNA/cpm RNAﬁ‘ These ratios are therefore equivalent to DNA
excesses pf’approiﬁmately 9, 3 and 1. Results‘aré presenfed in Table 8.
No significant differences, correéponding'to the DNA excess used, were

found in the fipal hybfidizétion-levels.

s
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DISCUSSION

e

Three general points of significance are apparent from the experi-

ments descrioed above: fifstly, heavy chain mRNA's could be isolated
from mouse myelomas with a high degree of purity;:secondly, hybridiza-
tions of these mRNA s to mouse liver DNA suggested that heavy chain
genes are not reiterated more than a few t1mes in the genome of an
und1fferent1ated cell; thirdly, hybridrzations of these mRNA's to
homologous and heterologous myeloma DNA's showed certain 51gnificant
variations in the: final levels and in the kinetics of hybrioization. .
Each of these points will be presented in greater detail in the follow-

iﬁg discussion.

o

Pur1f1cat1on and Char}acterizatmn of Heavy Chain mRNA's;

The}pethod described for the purificatlon of the H2020 o and

104E U mRNA'Ss followed ba51cally methods wh1ch had been preV1ously ueed
for immunoglﬁbulin light chain mRNA' However, several modifications’
have been introduced in the present work wh1ch have permitted the
isolation of.the o RNA, in particular, to 4 greater d:gree of purity

~ than previougIY*reported for any heavy chain mRNA. Firsgﬁy, the heat
treatment before oligo(dT) cellulose chromatography allowgd a more/
complete purification of that small percentage of RNA which contains
polyEA) sequences. In alI previous reports show1ng sucrose gradient
scans of‘the poly(A) containing RNA obtained by oligo(dT) -cellulose
chromatography, significant proportions of material in the 18S region

are clearly V151b1e (Brownlee et al.,: 1972; Brownlee etoal., 1973;

Tonegawa and Baldi, 1973; Mach(et al., 1973; Premkumar et al., 1974).

99
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~This is probably due to aggregation between RNA molecules, resurting4in

)]

some TRNA being.indiscriminately bound to the oligo(dT) aiong'with the
mRNA's. With iight chain mRNA's, thisvhas‘not‘beeﬁ.éo great a prpbleh,

as their molecular shapes and sizes permit their further purification

from.. 185 rRNA by phy51cal methods (for example, preparative sucrose

den51ty gradlent centrlfugatlon and polyacrylamlde gel electrophores1s)
However, the greater molecular welghts of heaVy chain mRNA's. result in.

phy51ca1 behav1or very 51m11ar to that of 18S rRNA 1 mRNA sedTEénts at

"bessentlally the sam& § value as 185 rRNA in sucrose ‘density gradients

(sée Figure 7),‘and d mRNA shows an electrophoretlc mobility only very

sl1ght1y less than 188 rRNA in. formamlde gels (see Plate 8). Therefore

<

‘it is essent1a1 to remove as much of\the non- poly(A) contalnlng mater1a1

1ty of b1nd1ng to ollgo(dT)

as p0551b1e durlng the oligo(dT) chromatographlc ‘step. The heat treat-

ment descrlbed here casises the dlsaggregatlon o£\RNA molecules by the
N

‘breakage of 1ntermolecu1ar hydrogen bonds, thereby i \ﬁprgv1ng the selectiv-

1

- The second mod1f1cat10n 1nvolved the method of polyacryihmlde gel\\

electrophore51s. Slnce‘thls technique was ‘used both for analytlcal

o

- purposes and a§ the final step in the pur1f1cat10n procedure, 1t was

‘

o«

essential to use gels with a h1gh degree of resolutlon, in order to

correctly detect that portion of the gel containing the desired mRNA

Gels prepared by,the method descrlbed-egove (that is, polymerlzatlon in
water followed by equrllbratlon to 99% formamlde) show a much lower
UV-absorbing background thaﬁ\gels prepared by the prev1ously -used method

of polymerization directly in 99% formamlde .(Gould and«Hamlyn, 1973).

o -

This is likely due to the leaching out of ihterfering‘materials‘during
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the equilibration'step./ Consequently,‘the resolution of the gels andv“
the purity of the eluted RNA's described here appear to be greater than
that achieved in previous reports. | | o |

The heevy'chain mRNA's preparedbin this study wereicharacterized
by their abilities to stimulate protein synthesis in a'cell—free
.translation system. In the cése of H2020 o RNA. the mainity of éroducts
produced def1n1te1y corresponded to authentic IgA heavy chains, both by

ke

- their e}ectrophoretic mobilities in SD

gels (see Plate 2) and by the“
: type’ofhpeptides formed with trypsin dijgestion (see Plates 6 and 7).
The high nurity suggested‘by'this analysis{ofvcell—free products was
further supported by the phy51ca1 characteristics of the H2020 RﬁA
v preparation particularly by 1ts relatively homogeneous migration iﬁf :
formamide ge{s The 104E B RNA preparatlon also stimulated the synthe-
.sis of proteins in the_cell—free translation system, but with 25% less
efficiency than the H2020 o RNA. The analysis of its cell-free
products confirmed the presence of polypeptides closely related to
: authentic u chains however, it was unable to prov1de a good estimate
6:' of the apparent contribution of mRNA's coding for other_polypeptides.
.Furthermore;'the'formamide'gei electrophoresis showed a considerable‘-g
background'in_the‘region-of‘the 104E-u RNA, as well as SOme'residuai.
contemination by 188'rRNA despite the stringent oligo(dT)"cthma;o;r
gréphyf Even after judicions_elution of the 104E u RNA from prepera;
tive.gels;tthis TRNA conponent wes showniby.competition hybridi;etion;
experiments to’comprise ﬁyminimum of 5% of the final preparation:

| Therefore, it must be concluded that the purity'of.the 104E 1 RNA .

preparation is ‘significantly less than that of the H2020' o RNA



- of immunogl@bulin per cell as determined by the immunofluorescent

preparation. A priori, it would be expected that\the purification

. . i - . 3 .
techniques descrlbed above would be equal%? effectiive in both cases.

However, the relative quantltles of mater1a1 in the heauy reglons of -
the RNA sucrose gradlents suggest that 104E myeloma cells contain a
lower percentage of the correspondlng heavy chain quA than do the

H2020 cells. This observation is consistent with thé relative amounts

staining pattern. Consequently, in the 104E cells more contaminating

a

mRNA molecules are present per_molecple of desired mRNA than in the

"H2020 cells; this is likely a maier factor responsible for the

diffetences in the puritiesvof‘the'finallg'and'u RNA preparations.

~

o ' ' ' - N
Hybridization Kinetics of H2020 a and 104E u RNA's

. with Mouse Liver DNA ) I -
N :

Previous reports of the hybridization kinetics of complete immuno-

globu11n mRNA's (summarlzed in Table 1) 1nvar1ab1y showed dlstlnctly

A

°

b1ph351c Cot curves, with a maJor fgectlon hybr1d121ng at high C oth

Lvalues (representlng unique or almost unlque gene frequenc1es) and a

minor fract1on hybrldlzlng at lower C,t)s values‘ The actual gene s
frequency of thlS more ragadly hybrldlzing fractlon as well as. its

relatlve proportlon, varies extensively among reports. Considering the

"héévy chain mRNA'é in partitular; Bernardini et al. . (1974) found that
‘a max1mum of 23% of theif Y mRNA seemed to. be'derived from genes

: relterated about 300 times, and they hypothe51zed that these seqSEnces

comprise the‘external untranslated sectlon of the vy .gene; Premkumar

et al. (1974) found that 29% of their a mRNA hybridized with a Cotls of

- 1 S (correspondlng to a gene relteratlon frequency of 5000), gnd on the

/

\ 1102

)
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"~ basis of‘purely ad hoc arguments, they interpreted this rapidly hybrid-

izing portion as representing the heavy chain variable gene. lHowever

the present results, particularly those obtained with the H2020 o RNA,

- are in opposition'to both of these interpretations. Although the Cnt

curve did extend over a wider range than expected for a purely homogene-

»

ous RNA (see the ‘comparison with 18S rRNA in Figure 13), the H2020 a RNA
rs
hybrldlzed to mouse liver DNA with apparently monoph351c kinetics. The

merovements in the purlflcatlon procedure discussed above suggest that
it.is the purity of the mRNA probe "which is responsible for this

{
dlscrepancy between the prev1ous and the present reports in regard to

.the nature of the Cyt curves. ThlS 1nterpretat10n is supported by the

‘correlation between the- pur1t1es of the H2020 and the 104E RNA prepara-

tions and their hybrldlzatlon characterlstlcs. from its phys1ca1

propertles and the analysis of .its cell free products, the 104E H RNA

‘was determlned to be 51gn1f1cant1y less pure than‘the H2020 o RNA;

.

correspondrngly, It shows a larger proportron of sequences hybr1d121ng

at C,t values less than 10%. It follows,wxhen, that those rapidly

hybridizing sequences responsible for the biphasic kinetics in previous

' repdrts, and for the tails on the C,t curves in this report, are more

11ke1y due to repetltlve portlons of contamlnatlng mRNA's than of the

mRNA's coding for the 1mmunog10bu11n chain in questlon A 51m11ar

' ,conc1u51on has recently been drawn for the 11ght chaln mRNA's (S.

-Tonegawa, personal communlcatlon) . .

The: H2020 a and 104E u mRNA's hybrldlzed to mouse 11ver DNA w1th

apparent Coﬁg of 790 and 630 moi -sec/1, respectlvely. The corre-

o
“

spondlng nominal relteratlon frequences of 7 and 8 are an upper .limit

-

-
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'producing myeloma (Premkumar et al., 1974).
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and must be corrected, as described by Bishop ot al. (1972), for fimite
DNA/RNA ratios and for heat degradation of RNA; such considerations
result in corrected reiteration frequencies of‘3 and 4, respectively.
On the bosiS'of the monophasic nature of the (5t curves obtained, there
is no evidence whatsoever to prevent the assignment of these ;eitera—
tion frequencies fo both the v%&iaole and‘the.constant regions o&the

a and W MRNA's. Therefore, the problem now becomes‘the following: Are
these three or four copies of Vy variable regions, which form stable
hybrlds with H2020 o and 104E u mRNA", sufficient to account for anti-
body d1ver51ty on the basis of the ”germ line gene" hypothe51s or must
somatic generators of antlpody diversity be 1nvoked7 This problem can;

o

onlg be resolved by detailed studies on the -sequence homology of all Vy

regions of mouse myelomas. In any case, no evidence whatsoever was

found to suggest the existence of thousands of cross-hybridizable Vy

region germ line genes,”as was previously reported for another IgA-

Hybr1d1 zation Studies with Mye]oma DNA s , s

These studies were undertaken with the hope of relatlng phenotyplc
events occurring durihg lymphocyte differentiation and development with

events occurring at the gene level. The phenotypic events implicated

“are those involving the integration of V and C region genetic informa-

tion and the subsequent commitment of .a nondifferentiated cell *to the

production of a particular jmmunoglobulin. As discussed in the Intro-

duction; two models (the translocation model of Dreyor”andeennett and

. the DNA-network model of Smithies) have been proposed by which integra-

«

) ] ’ . o :
tion could occur within the DNA; both‘of these models are very difficult
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to £est at the molecular level. However, it is also possible to envision
aimodel in which a V gene is joined to a particular C gene by excision
of the interspersing DNA matérial. In this respect, the heavy chain
genetic region is particularly interesting, since genetic studies with
allotypic mag%ers have shown, as discussed in the Introduction, that the
genes coding'for each of the constant regions of heavy chain molecules
(Cy genes) erm one 1inkagé group together with the gene(s) coding for
) variable regfons (YH genes). "Based on. this linkage relationship,'a very
simplistic‘form of an excision model for gene integration is presented
in Figure 19. If the excised DNA is subsequently los£, such a model has
one critical implication at the molecular level: the DNA composition of
differentiated lymphocytes (in particular, the numbers and types of Cy
geneé) will différ with the class of immunoglobulin produced. In the
present study, an attemp£ was made to detect the possible existence éf
such differences by DNA/RNA hybridi;ations.

Considering the relative puritiabkgfthe two heavy chain mRNA's,
as discussed -above, the rgSults obtained with the H2020 a RNAvare likely
"to be more defini?ive; therefore, théy will be pfedominahtly considered
in the following discussion. " Basically, these results are ag follows:
taking the hybridization with its homologougAmyeloma DNA as é standard,
H2020 o RNA hybridized with’S?S (vy1), MPC11 (Yéb) and Y5781 (1) DNA's
to;an equal eitent, with J558 (a) DNA to a greater eifeﬂt, and with
104E (1) DNA to a iessér extent. it can be concluded with a reasonable.
degree of Eonfidenée that these differences are not merely experimeﬁtal
artifactsz. firstly,vthevresults were well-substantiated with,ﬁafieus
preEarations of RNA and of each DNA; secondly, the possibility that!
‘varying background. levels of RNase activity in the DNA‘prepéyétibnsxwere
responsible for the varying levels of hybridiza%ipn @aS“discounFed by

.

-
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/

the equal levels obtained witn the L04E RNA preparation (regardless of
the purity of thi- prepurut'n(m, it would have heen aftected to the same
extent as HJO20 0 RNA by a grenter than average RNase activity in the
104L l)NA or by a lc;‘:\' than average activity in the JS558 DNA); thirdly,
the results were not affected by intentional variations in the DNA/RNA -
ratio, indicating that the experiments had actually been carried out at
an even greater DNA excess than that calculated. (This was likely due
to the ditficulty of determining accurately the specific activity of
the itodinated RNA.) .

Furthermore, the possibility that these differences in hybridiza-

tion are related solely to Vp genes must be rejected for the following

. two Treasons:

1. The final levels of hybridization with both the 104E and J558
DNA's varied by approximatefy 13% from the average level of 38% obtained
with the H2020 DNA (values estimated from the C,t curves in Figure 17).
This corresponds to 34% of the total sequences hybridized. However, as
evident from the structure of the a mRNA dep%pted above, the Vy sequences
only correspond to approximately 20% of the total !?°I-labelled sequences
of the o RNA molecule.

2. A 3'-end containing fragment of the o mRNA was prepared in such
a way that it should have contained no sequences corresponding to the
variable region or the presumptive 5'-end external fégion; If the differ-
ences in hybridization obsgrved among the JS558, H2020 and 104E DNA's were
actually reiated to Vy gene;,'the substitution of this 3'-end containing
fragment for the 'complete sequence' a RNA should have obliviated these
differences. The results presented in Table 7 and Figure 18 show that
this was not the case.

Therefore, it can be tentatively concluded that the observed

differences in hybridization are primarily attributable to differences in



the Cyp () pene compusition of the 658, 1020, and TOdL DNAT - That o
during the development ot the partaicular Pvmphocvte whivh eventuall.
resulted an each of these myeloma lines, wome sort o of gene rearranyernent
appears to have occurred, tnvolving the specttae lons ot DNA —equendes
corresponding to a particular Uopene.

Two apparently puzzling aspects still remarn: the lack of clase
specificity (for example, only one of the two 3 DNA's <howed a reduced
level of hybridization with the a RNA), and the existence of a hetero-
logous hybridization combination (J558 DNA with H2020 a RNA) which gave
a higher level of hybrkdi:ation than the homologous combination.
tvidently many complicating factors exist; for example, eukaryotic genes
are usually present in two copies on homologous chromosomes; the pre-
sumptive excision events cannot be assumed to occur precisely at gene
boundaries; subclasses of a- and u-chains are thought to exist but the
crosshybridization abilities of such subclasses are as yet unknown.
Further work is required before the si;plistic model of Figure 19 can
be meaningfully expanded to include these factors. Initially such work
should involve: the additional purification of 1 mRNA; the isolation
of more heavy chain mRNA's from different immunoglobulin classes
(particularly ¥y mRNA) and from different myelomas; the extension of all
hybridizatidns to reciprocal combinations.

The previously proposed models of V and C gene integration (that
is, the translocation model of Dreyer and Bennett and the DNA-network
model of Smithies) contain no implications whatsoever of differential
DNA composition in different immunoglobulin classes; consequently, they

do not predict the sort of hybridization data obtained in the present
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