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Anal ysi s of t he ant i body r esponse on t he cel l ul ar and mol ecul ar l evel i s

compl i cat ed by t he f act t hat B l ymphocyt es ar e an enor mousl y het er ogenous

popul at i on wi t h r espect t o t he i mmunogl obul i n genes t hey expr ess . I t has been

possi bl e t o al l evi at e t hi s obst acl e by st udyi ng monocl onal popul at i ons of myel oma

cel l s or by i mmor t al i zi ng i ndi vi dual B cel l s i n hybr i domas . However , t hese cel l s

ar e gener al l y ar r est ed i n a par t i cul ar st age of di f f er ent i at i on and do not per mi t

t he st udy of t he dynami cs of cel l devel opment and i nt er act i on. The i nt r oduct i on

of r ear r anged I g genes i nt o t he ger ml i ne of mi ce has been a met hod t o st udy a
monocl onal r esponse on t he l evel of t he whol e ani mal ( 1- 3) . Tr ansgeni c mi ce

have pr ovi ded a uni que and power f ul t ool t o anal yze t he expr essi on of I g genes .

Tr ansgeni c mi ce ar e pr oduced by mi cr oi nj ect i on of cl oned genes i nt o t he mal e
pr onucl eus of f er t i l i zed eggs, and i mpl ant at i on of t he embr yos i nt o t he ut er us of

a f ost er f emal e ( 4) . We have pr evi ousl y pr oduced t r ansgeni c mi ce wi t h t he

f unct i onal K gene f r omt he myel oma MOPC- 21 ( 1) . We f ound t hat t he expr essi on

of t hi s r ear r anged K t r ansgene i s r est r i ct ed t o B l ymphocyt es ( 5, 6) , and t hat

coexi st ence i n a B cel l of t r ansgeni c a and endogenous H chai ns pr event s

r ear r angement of endogenous K genes ( 7, 8) . Appar ent l y, al l el i c excl usi on of K

genes i s r egul at ed by a f eedback f r om a compl et e I g mol ecul e, not by f r ee L

chai ns . I t was i mpor t ant t o check t hese f i ndi ngs wi t h anot her K gene t hat cont ai ns

a di f f er ent V r egi on and 5' upst r eam sequences . Al so, t he MOPC- 21 K chai n

pr evi ousl y used cannot be secr et ed al one . The possi bi l i t y of f eedback by K chai ns

t hat can be secr et ed on t hei r own needs t o be eval uat ed . Fur t her mor e, i t has

been r epor t ed ( 3, 9) t hat heavy chai n t r ansgenes cause f eedback i nhi bi t i on of H

gene r ear r angement . I t wi l l be i mpor t ant t o det er mi ne whet her t hi s f i ndi ng can

be gener al i zed by usi ng H t r ansgenes wi t h a di f f er ent V r egi on . Beyond si mpl y

est abl i shi ng t he f act t hat H genes, or t hei r pr oduct s, and Hpl us L chai ns cause

f eedback i nhi bi t i on of Hand K gene r ear r angement , t he mol ecul ar mechani sm

wi l l have t o be addr essed . I t appear s possi bl e t hat i nser t i on of t he Hchai n i nt o
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FI GURE 1 .

	

Maps of M167 K and p t r ansgenes ( see Mat er i al s and Met hods f or det ai l s) . Kpn I ,

Hi nd 111, and Eco RI r est r i ct i on enzyme si t es ar e i ndi cat ed . Exons ar e shown by t hi ck l i nes .

t he sur f ace or i nt r acyt opl asmi c membr anes of B cel l s i s r equi r ed f or such

f eedback . We t her ef or e wi shed t o compar e t he expr essi on of a compl et e A gene

and of a st unt ed P gene l acki ng t he membr ane t er mi nus ( , u A mem) , and compar e

t he r el at i ve i nf l uence on endogenous H and L gene expr essi on . The genes we

chose t o addr ess t hese quest i ons cont ai n t he V r egi ons of t he f unct i onal H and

L genes of t he myel oma MOPC- 167 . Tr ansgeni c mi ce wer e pr oduced, whi ch

had i nt r oduced i nt o t hei r ger ml i ne f unct i onal l y r ear r anged VK167- CI C genes

and/ or VH- 167- Cm genes . The A gene i s ei t her compl et e or i t l acks t he por t i on

t hat encodes t he t r ansmembr ane sequence of Fc chai ns . The ant i bodi es encoded

by t hese genes r eact wi t h phosphor yl chol i ne ( PC) . The nor mal ant i - PC r esponse

has been ext ensi vel y st udi ed by ot her l abor at or i es ( r evi ewed i n 10) , and t hese

mi ce wi l l be val uabl e i n t he anal ysi s of t he r egul at i on of t hi s r esponse on t he

cel l ul ar and mol ecul ar l evel .

Mat er i al s and Met hods

Enzymes. Rest r i ct i on endonucl eases, l i gases, et c. wer e obt ai ned f r om New Engl and

Bi ol abs, Bever l y, MA.

Tr ansgenes .

	

The t r ansgenes ar e t he f unct i onal K gene of t he myel oma MOPC- 167,

and u genes t hat wer e const r uct ed f r omt he V r egi on of t he f unct i onal a H gene of t he

myel oma MOPC- 167 and a ger ml i ne CA r egi on ( Fi g . 1) . The VJ and upst r eam r egi on of

t he K gene was a gi f t f r om P. Gear har t , The Johns Hopki ns Uni ver si t y, Bal t i mor e, MD

( 11) . I t was j oi ned at t he Hi nd I I I si t e i n t he J- Cu i nt r on t o t he 3' por t i on of t he MOPC-

21 K gene, whi ch we had pr evi ousl y expr essed i n t r ansgeni c mi ce ( 1) . The Eco- Eco 5'

por t i ons of t he H genes wer e obt ai ned f r om t he MOPC- 167 a gene ( a gi f t of R. Per l mut t er

and L . Hood, Cal i f or ni a I nst i t ut e of Technol ogy, Pasadena, CA [ 12] ) and l i gat ed t o t he

Eco- Eco 3' por t i on of a ger ml i ne CA gene ( a gi f t of S. Cor y and J . Adams, Wal t er and

El i za Hal l I nst i t ut e f or Medi cal Resear ch, Vi ct or i a, Aust r al i a) . To pr oduce t he p167 A A

mem gene, t he A gene was cut at t he Kpn I si t e . The K, A, and A A mem genes wer e

i nser t ed i nt o t he pl asmi ds pUC18, pUC13, and pUC19, r espect i vel y ( 13, 14) . To pr oduce

t r ansgeni c mi ce, ei t her t he t ot al pl asmi d was i nj ect ed ( l i near i zed by cut t i ng wi t h Kpn I or

Eco RI i n case of t he i s gene, or wi t h Sal I i n case of t he A genes) ; or t he i nser t s shown i n

Fi g . 1 wer e exci sed wi t h Eco RI and Pvu I i n t he case of K, and Sal I and Pvu I i n case of

t he A genes; t hi s l eaves ^- 30 by f r om t he pUC pol yl i nker s and ^- 120 by of t he l ac gene

f r om pUC t o hel p i n t he i dent i f i cat i on of posi t i ve mi ce . The r est r i ct i on si t es used t o

l i near i ze or t r i m t he pl asmi ds, except f or Kpn 1, ar e l ocat ed wi t hi n t he pUC vect or s, and

ar e not shown i n Fi g . 1 .

Tr ansgeni c Mi ce. Tr ansgeni c mi ce wer e pr oduced as descr i bed f r om ( C57BL/ 6 X
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FI GURE 2.

	

RNase t r eat ment of RNA and DNA dot s . Spl een and t hymus RNAs ( 0 . 4 and 2

j ug) of nor mal and t r ansgeni c mi ce . The ar r ows poi nt t o dot s of p167- r c pl asmi d DNA.
Hybr i di zat i on wi t h CK pr obe. Af t er exposur e t o x- r ay f i l m ( l ef t ) t he f i l t er was t r eat ed wi t h
RNase and r eexposed ( r i ght ) .
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SJL) F2 zygot es ( 4, 15) . Posi t i ve mi ce wer e i dent i f i ed by dot hybr i di zat i on of t ai l DNA wi t h

pUC DNA and V, 167 and/ or VH- 167 pr obes, as pr evi ousl y descr i bed ( 1) . The f ol l owi ng

gr oups of t r ansgeni c mi ce wer e pr oduced : x mi ce ( cont ai n onl y t he 167- x gene) ; u mi ce

( wi t h t he compl et e u gene) ; , a A memmi ce ( wi t h t he membr ane t er mi nus- del et ed u gene) ;

x, u, and i s u Amemmi ce ( t hese ar e der i ved f r omova coi nj ect ed wi t h t he K and compl et e

u genes or t he i s and u Amemgenes; t hus, bot h genes ar e i nser t ed at t he same i nt egr at i on

si t e) ; i s x u mi ce ( der i ved by br eedi ng i s mi ce wi t h u mi ce and sel ect i on of of f spr i ng posi t i ve

f or bot h genes ; i n t hese mi ce, t he x and u i nser t i on si t es ar e i n di f f er ent chr omosomes) .

Of f spr i ng of t he ot her gr oups wer e pr oduced by mat i ng of a t r ansgeni c mouse wi t h a

nont r ansgeni c C57BL/ 6 or ( C57BL/ 6 x 5JL) F, hybr i d mouse . We have not at t empt ed t o

make homozygous mi ce wi t h any of t he t r ansgenes .

V, - 167 and VzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� - 167 C� and CK pr obes .

	

The pl asmi d pSVk167 cont ai ns a 310 by Eco RI -

Hi nc 11 i nser t ( t he l eader - V, r egi on) i sol at ed f r om t he cDNA cl one p167x RI ( 16) and

cl oned i nt o pSP65 ( Pr omega Bi ot ech, Madi son, WI ) . The pl asmi d pSPVH167 cont ai ns a

189 by Al u I , VH- 167- speci f i c f r agment subcl oned f r om ChM167aI 0. 1 ( 12) i nt o pSP65 .

Fr om t hese pl asmi ds, 324- and 210- by- l ong f r agment s, r espect i vel y, wer e exci sed by Eco

RI - BamHI , whi ch cut i nsi de t he pol yl i nker s .

The C� pr obe i s an ^- 400 by Pst I f r agment i sol at ed f r ompAB u- 1, whi ch i s speci f i c f or

C� exons 3 and 4 ( a gi f t of A. Bot hwel l , Yal e Uni ver si t y, NewHaven, CT [ 17] ) .

The CK pr obe i s a CK exon- speci f i c f r agment of ^- 500 by i sol at ed f r ompES201 ( 18) .

The i sol at ed f r agment s wer e l i gat ed wi t h T4 DNAl i gase bef or e ni ck t r ansl at i on .

RNA Dot Hybr i di zat i on and Nor t her n Bl ot s.

	

RNA was pr epar ed and Nor t her n bl ot s

wer e per f or med wi t h t ot al or gan RNAs as descr i bed ( 5) . For dot hybr i di zat i on, RNAwas

di l ut ed i n 15 x SSC and 10%f or mal dehyde, heat ed t o 60 ° C f or 15 mi n and appl i ed t o

ni t r ocel l ul ose f i l t er s pr ewashed i n 15X SSCusi ng t he Schl ei cher and Schnel l ( Keene, NH)

mi ni f ol d appar at us . Dot s wer e washed wi t h 15X SSC. For DNAcont r ol dot s on RNA dot

f i l t er s, t he DNAs wer e denat ur ed i n 0. 1 MNaOH, 2 MNaCl by boi l i ng f or 1 mi n ; f or

appl i cat i on t o ni t r ocel l ul ose, t he denat ur ed DNAs wer e di l ut ed i n 15X SSC.

To assur e t hat t he RNA dot hybr i di zat i ons wer e not due t o cont ami nat i ng DNA, al l

RNA pr epar at i ons wer e ext ensi vel y di gest ed wi t h RNase- f r ee DNase I ( Wor t hi ngt on

Bi ochemi cal Cor p . , Fr eehol d, NJ) , and al l RNAdot s wer e al so hybr i di zed i n par al l el wi t h

vect or DNA. I n t he case of Kt r ansgeni c mi ce, t hi s gener al l y di d not gi ve a si gnal . However ,

of t en wi t h RNA f r om t he u or u A memmi ce car r yi ng t r ansgenes wi t h vect or at t ached,

some hybr i di zat i on was seen wi t h vect or DNA. Thi s was not due t o DNA cont ami nat i on

( see bel ow) , but appar ent l y r epr esent ed t r anscr i pt s f r om vect or DNA. Per haps t hi s i s due

t o t he f act t hat , i n case of t he u and u A memgenes, ver y l i t t l e mouse DNA was pr esent

downst r eam of t he pol y( A) addi t i on si t es ( i n cont r ast t o t he K gene) ; RNA pol ymer ase

seems t o cont i nue t r anscr i bi ng f or a cer t ai n di st ance i nt o t he f l anki ng vect or sequences .

The l i mi t s have not been def i ned . Fi nal l y, RNA dot s wer e t r eat ed wi t h RNase af t er

hybr i di zat i on . Thi s el i mi nat ed RNA si gnal s, but l ef t DNA si gnal s on t he same f i l t er s i nt act

( Fi g . 2) . For t r eat ment wi t h RNase, t he dot f i l t er s wer e soaked i n 0. 2x SSC f or 5 mi n at

37° C. Then pancr eat i c RNase was added t o 10 ug/ ml , and t he i ncubat i on at 37° C was
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cont i nued f or 30 mi n . The f i l t er s wer e ext ensi vel y washed i n 0 . 2x SSC, 0 . 1 %SDS, 1 mM
EDTA at 65° C bef or e r eexposur e t o x- r ay f i l m.

DNA Quant i t at i ve Sl ot Hybr i di zat i on.

	

DNA was denat ur ed as above, di l ut ed i n 15X
SSC, appl i ed t o ni t r ocel l ul ose usi ng a Schl ei cher and Schuel l sl ot bl ot t er , and hybr i di zed
wi t h CK or CzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� pr obes wi t hout vect or i n pr obe excess . Rel at i ve quant i t i es of DNA wer e
det er mi ned by scanni ng t he sl ot hybr i di zat i ons wi t h a Hel ena Qui ck Scan ( Hel ena
Labor at or i es, Beaumont , TX) . DNA f r omnor mal mi ce was i ncl uded, and t hei r C, and C�
si gnal s r epr esent ed t wo copi es per genome .

Tr ansf ect i on of DNA.

	

The Fc and E, A memgenes wi t h t hei r vect or s wer e cot r ansf ect ed
t oget her wi t h t he pSV2- gpt gene ( 19) i nt o J558L myel oma cel l s ( 20) by el ect r opor at i on
( 21) .

I mmunof uor escence .

	

Thymuses wer e r emoved f r om t he t r ansgeni c mi ce or nor mal
l i t t er mat e mi ce . A smal l pi ece was cut f r om t he t hymus f or pr epar at i on of si ngl e- cel l
suspensi ons . The maj or i t y of t he t hymus was used f or pr epar at i on of RNA. Each smal l
t hymus pi ece was gent l y r ubbed over a 60- gauge st ai nl ess st eel mesh . The cel l s wer e
washed once i n PBS pl us 1 %BSA( Si gma Chemi cal Cor p . , St . Loui s, MO) and r esuspended
i n PBS- BSA at a concent r at i on of 106 cel l s/ ml . The cel l s wer e t hen spun i nt o et hanol -
cl eaned gl ass mi cr oscope sl i des 10 5 cel l s/ sl i des, wi t h a Shandon Sout her n I nst r ument s,

I nc . Cyt ospi n ( Sewi ckl ey, PA) . The ai r - dr i ed sl i des wer e f i xed f or 20 mi n at - 20 ° C i n
95%et hanol / 5%acet i c aci d, t hen put t hr ough t hr ee 10- mi n washes of PBS. The ant i ser a,
t et r amet hyl r hodami ne i sot hyocyanat e- conj ugat ed goat ant i - mouse A ( Cappel Labor at o-

r i es, Cochr anvi l l e, PA) and t et r amet hyl r hodami ne i sot hyocyanat e- conj ugat ed goat ant i -
mouse K ( Sout her n Bi ot echnol ogy Associ at es I nc . , Bi r mi ngham, AL) , wer e di l ut ed 1 : 200
i n PBS- BSA and added di r ect l y t o t he f i xed cel l s . The sl i des wer e i ncubat ed f or 30 mi n

at 37° C i n a humi di f i ed chamber , t hen washed t hr ee t i mes, once i n PBS, once i n PBS-
BSA, and a f i nal t i me i n PBS. The cel l s wer e cover ed wi t h PBS- gl ycer ol and vi ewed wi t h
a Zei ss f l uor escence mi cr oscope wi t h t r ansmi t t ed l i ght , a dar k f i el d condenser , and a 200

Whi gh- pr essur e mer cur y bul b equi pped wi t h KP- 546 and KP- 500 exci t at i on f i l t er s
coupl ed t o appr opr i at e bar r i er s t o det ect t he f l uor escence of r hodami ne . The phot ogr aphs
wer e t aken on Kodak Ekt achr ome dayl i ght sl i de f i l m, ASA 400 .

Resul t s

Tr ansgene Copy Number .

	

The number of DNA mol ecul es i nt egr at ed i n t he

t r ansgeni c mi ce var i ed bet ween 1 and 87 ( Tabl e I ) . Most of t en t he mul t i pl e

copi es wer e i nser t ed at a si ngl e si t e, i . e . , al l posi t i ve of f spr i ng had t he same copy

number as t he par ent . I n sever al cases, however , t wo i nt egr at i on si t es wer e f ound

t hat segr egat ed i n t he of f spr i ng ( i ndi cat ed by A and B of f spr i ng i n Tabl e I ; see

al so 1201 vs . 1202 and 1205 i n Fi g . 3) . Tr ansgeni c mi ce t hat had been coi nj ect ed

wi t h p ( or g, A mem) and r c genes had si mi l ar copy number s of bot h genes

i nt egr at ed ( one except i on, 217- 7 A, has onl y p and no K genes) ( Tabl e I ) .

Ther e was no good cor r el at i on bet ween t he t r ansgene copy number and t he

l evel of RNA ( Tabl e I ) . Thi s f i ndi ng had al so been made wi t h MOPC- 21 K

t r ansgeni c mi ce ( 5) . I t i s di f f er ent f r om t he r el at i vel y good cor r el at i on f ound i n

B cel l s t r ansf ect ed wi t h I g genes ( 22) .

Ti ssue- speci f i c Expr essi on of Tr ansgenes .

	

We had pr evi ousl y ( 5) f ound t hat , i n

mi ce wi t h a K t r ansgene f r om t he myel oma MOPC- 21, onl y B l ymphocyt es

expr essed t he t r ansgeni c K RNA. The quest i on of t i ssue speci f i ci t y was anal yzed

wi t h many of t he t r ansgeni c mi ce pr esent ed i n t hi s paper , exampl es of whi ch ar e

shown i n Fi g . 4 . Li ver , ki dney, and hear t do not cont ai n t r ansgeni c K or A RNAs

beyond a l ow l evel expect ed f r om B cel l cont ami nat i on . Thus we have not f ound

evi dence f or 1 expr essi on i n hear t , as was f ound by Gr osschedl et al . ( 2) . Al most

al l t he mi ce expr ess t he u and/ or K t r ansgenes at a hi gh l evel i n spl een RNA



TABLE I

DNA and RNA Quant i t at i ons of Some of t he MOPC- 167 Tr ansgeni c Mi ce
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The mi ce shown cont ai n t he t r ansgenes wi t h t he compl et e pUC vect or s ( see Fi g . 1) , except t he K
vect or del , t he 1a vect or del , and t he j u Amemgr oups, whi ch cont ai ned onl y ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 150 by of t he vect or

( see Mat er i al s and Met hods) .

* Tr ansgene copy number was det er mi ned by quant i t at i ve sl ot hybr i di zat i on ( see Fi g . 3) on t ai l DNA

of of f spr i ng f r om t he or i gi nal set of t r ansgeni c mi ce . A and B r epr esent of f spr i ng wi t h di f f er ent

copy number s i ndi cat i ng t hat t he par ent had t wo i ndependent l y segr egat i ng t r ansgene i nser t i on

si t es .

$ Quant i t i es of spl een 167K or 167p RNA expr essed as mul t i pl es of t he l evel s i n nont r ansgeni c

cont r ol mi ce. These det er mi nat i ons wer e made on t he spl een RNAof t he or i gi nal t r ansgeni c mi ce,

except i n t wo of f spr i ng of mouse 254- 3 ( §) .
4 Because t he pr esence of t wo adj acent , st r ongl y hybr i di zi ng dot s obscur es t he i nt er pr et at i on of t he

aut or adi ogr aph, t he K l evel f or mouse 231- 8 may act ual l y be above nor mal .

Tr ansgene Mouse number
Tr ansgene

K

copy

f l .

number *

JL/ K

Spl een

K

RNAt

/ 1

K vect or A 229- 1 4 146 5

230- 3 1 47 3

231- 8 2 14 3

233- 4 41 117 25

233- 8 13 58 5

234- 3 20 9 2

234- 4 A 11 233 1

B 18

K 189- 4 11 47 1

194- 2 2 47 1

199- 9 70 <9 20

200- 3 3 50 60

200- 6 66 2 40

Wvect or A 243- 2 1 2 3

243- 4 6 3 12

1a Amem 250- 1 12 1 8

250- 2 2 1 8

254- 3 2 1 60

254- 3- 11 § 2 1 60

254- 3- 124 2 1 60

KJA 207- 4 15 60 4 39 200

210- 3 3 4 1 . 3 20 30

210- 4 13 8 0 . 62 1. 5 30

212- 2 10 19 1 . 9 3 25

212- 3 2 10 5 3 25

212- 5 37 23 0 . 62 10 100

K/ 1 Amem 216- 1 A 1 2 2 12 100

B 20 37 1 . 9

216- 2 18 6 0. 33 1 6

216- 7 1 2 2 12 20

217- 1 29 87 3 3 25

217- 4 8 17 2. 1 6 25

217- 6 17 56 3. 3 300 300

217- 7 A 0 2 >2 6 25

B 4 24 6
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FI GURE

3

.

	

Quant i t at i ve

sl ot hybr i di zat i on of t ai l DNA sampl es

.

Shown ar e t he DNAs f r om

15

of f spr i ng of KA or KFA 0 mem t r ansgeni c mi ce pr oduced by coi nj ect i on of t he 167- K and

167- M

or u A mem genes, and of t wo nont r ansgeni c ( N) mi ce

.

Of f spr i ng f r om t he same

t r ansgeni c

par ent mat ed wi t h a nont r ansgeni c mouse ar e br acket ed

;

f r om t op t o bot t om t he

f ol l owi ng

t r ansgeni c l i nes ar e shown

:

217- 4, 216- 1, 217- 6, 217- 1, 216- 7, 207- 4, 212- 3, 212- 2

.
The

bl ot s wer e hybr i di zed wi t h pr obes f or CzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

�

( W) or CK ( a) , as i ndi cat ed

.

( Tabl e

I )

.

I n nont r ansgeni c l i t t er mat es, no or ver y l ow amount s of t he V, - 167-

and

VH- 167- posi t i ve RNAs ar e f ound i n t he spl een ( N i n Fi gs

.

4, 5, and 7)

.

I n

t he

t hymuses of mi ce car yi ng A

. ,

KA, K X A, or KA 0 memt r ansgenes, 1 RNA wi t h

V, , - 167

sequence i s f ound at about one- f i f t h t o one- hal f t he l evel of VH- 167

RNA

i n t he spl een ( Fi gs

.

4 and 5, and dat a not shown)

.

Thi s conf i r ms, wi t h a

di f f er ent

VH gene, t he f i ndi ng of Gr osschedl et al

.

( 2) t hat r ear r anged U t r ans-

genes

ar e expr essed i n T cel l s

.

I nt er est i ngl y, i n mi ce t hat car r y bot h A and i s

t r ansgenes,

onl y k, and not K t r anscr i pt s ar e seen i n t hymus ( Fi g

.

4, K X /

. ,

and

dat a

not shown)

.

K

t r ansgenes ar e gener al l y not expr essed i n t he t hymus, bot h i n t he case of t he

mi ce

car r yi ng t he MOPC- 21 K t r ansgene pr evi ousl y anal yzed ( 5) , and i n t he «-

167

mi ce r epor t ed her e

.

However , t he t wo K mouse l i nes shown i n Fi g

.

4

consi st ent l y

had si gni f i cant quant i t i es of K t r ansgeni c RNA i n t he t hymus

.

Reduct i on

of pl asma cel l s t o - 0

. 4%

f r om t hymus cel l pr epar at i ons by ant i - l a

ser um

and compl ement di d not el i mi nat e t he i s RNA ( dat a not shown)

.

No K

pr ot ei n

coul d be det ect ed by i mmunof l uor escence ( not shown)

.

These mi ce had

a

58- and 117- f ol d i ncr eases of K- 167 RNA i n spl een, compar ed wi t h nor mal

mi ce

( Tabl e I , 233- 8 and 233- 4)

.

I t appear s possi bl e t hat t he K RNA i n t he

t hymus

i s ent i r el y due t o B cel l s

.

However , we have not r ul ed out t he possi bi l i t y
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RNA dot s of mouse or gans . Each RNA was dot t ed as 2 and 10 Ag f or t he V, and
VzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� hybr i di zat i ons, and 0. 5 and 2 . 5 ug f or t he C, and C� hybr i di zat i ons . L, l i ver ; K, ki dney ; S,
spl een ; T, t hymus ; H, hear t . On t he l ef t si de, f r om t op t o bot t om, t he mi ce ar e i ndi cat ed: K :

233- 8- 3 and 233- 4- 2 ar e of f spr i ng of t r ansgeni c mi ce wi t h t he K- 167 gene wi t hout vect or ; K X

w: an of f spr i ng f r om a mat i ng bet ween i s t r ansgeni c mouse 189- 4 and j u t r ansgeni c mouse 199-
9, t he compl et e vect or i s pr esent i n t hese t r ansgenes ; N: nont r ansgeni c l i t t er mat e of t he i s X A
mouse . V� C, V� , and C� i ndi cat e t he hybr i di zat i on pr obes .

t hat t he K t r ansgenes ar e act ual l y expr essed i n T cel l s of t hese mouse l i nes,

per haps as a r esul t of t he r el at i vel y hi gh copy number ( 13 and 41 copi es) or

chr omosomal posi t i on . I n t he case of T cel l s t r ansf ect ed i n vi t r o wi t h K genes,

5%of t he t r ansf ect ant s expr essed K ( 22) .

K and u RNAs i n Spl eens Of K and/ or y Tr ansgeni c Mi ce.

	

I n mi ce t hat car r y bot h

t he 167- a and v or y A mem t r ansgenes, t her e i s gener al l y a good cor r el at i on

bet ween t he r el at i ve l evel s of Hand K RNAs wi t h t he V167- H or K sequences

( Fi g . 5) . I n most cases, t he l evel s of t r ansgeni c HRNAar e somewhat hi gher t han

t hose of t r ansgeni c K RNA. Thi s i s not an ar t i f act of t he speci f i c act i vi t i es of t he

hybr i di zat i on pr obes ; i n f act , t he si gnal wi t h t he V. - 167 pr obe i s hi gher t han t he

V, { - 167 si gnal when t he pr obes ar e hybr i di zed wi t h equal amount s of t he

r espect i ve pl asmi d DNAs on t he same bl ot ( Fi g . 5, bot t om) .

I n t wo of t he mi ce, t he 167- K RNAl evel s wer e al most as l ow as i n nor mal mi ce

( f our t h and si xt h col umns i n t he K u and K Ft Amemmi ce of Fi g . 5, r espect i vel y) .

Bot h t hese mi ce had r el at i vel y hi gh copy number s ( 13 and 18 copi es) of t he K

t r ansgenes . We have no expl anat i on f or t he mi ni mal K t r ansgene expr essi on .

Bot h mi ce pr oduced nor mal l evel s of t ot al K RNA i n t he spl een ( not shown) .

I n gener al , t her e i s a wi de var i at i on i n t he expr essi on of i s and/ or , u RNA

bet ween i ndi vi dual mi ce . Thi s does not seem t o be r el at ed t o t he gene copy

number ( Tabl e 1) . I f t hi s var i abi l i t y wer e dependent upon t he i nser t i on si t e of

t he t r ansgenes, of f spr i ng of hi gh expr essor s shoul d al so be hi gh expr essor s, and

vi ce ver sa wi t h l ow expr essor s . I n one par t i cul ar st r ai n of MOPC- 167 i c- t r ansgeni c

mi ce, we f ound hi gh expr essi on over t wo gener at i ons, but l ow expr essi on i n t he

second of f spr i ng gener at i on ( R. L . O' Br i en and U. St or b, unpubl i shed dat a) .
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FI GURE 5.

	

RNAdot s of spl een and t hymus . I n each r ow t he t op dot i s 5 Fi g, t he bot t om dot

25 wg of t ot al RNA. Each gr oup of t r ansgeni c mi ce i s i ndi cat ed on t he t op of t he panel s : KA,

eggs coi nj ect ed wi t h t he K- 167 and W- 167 genes wi t h t he vect or ( 212- 5, 212- 3, 212- 2, 210- 4,

210- 3, and 207- 4) ; KA 0 mem, eggs coi nj ect ed wi t h t he K- 167 and A- 167 0 memgenes wi t h

t he vect or ( 217- 7, 217- 6, 217- 4, 217- 1, 216- 7, 216- 2, and 216- 1) ; K, eggs i nj ect ed wi t h t he K-

167 gene wi t hout t he vect or ( t hi r d panel ) ( 234- 4, 234- 3, 233- 8, 233- 4, 231- 8, and 229- 1) or

wi t h t he vect or ( f our t h panel ) ( 189- 4) ; 1, eggs i nj ect ed wi t h t he 1 167 gene wi t h t he vect or

( 200- 6 and 200- 3) . N, spl een o£ nor mal l i t t er mat es of mi ce i n t he same panel , except i n t he

f our t h panel wher e Ni s ( S, JL x C57BL/ 6) F, spl een . The t hr ee t op panel s show spl een RNA,

t he f our t h panel shows t hymus ( T) and spl een ( S) RNAs . The pr obes wer e V. - 167 or VH- 167,

as i ndi cat ed . The pr obes wer e exci sed f r om t he vect or and cont ai n essent i al l y no vect or DNA,

as shown on DNAdot s ( bot t om) : p167- K and p167- u ar e dot s of t he pl asmi d DNAs, i ncl udi ng

t he vect or .

Thus, per haps t he envi r onment al l evel s of PC var y i n our mouse col ony ( see

Di scussi on) . The var i abi l i t y i n RNA l evel s wi l l be f ur t her i nvest i gat ed .

I mmunogl obul i n Pr ot ei n i n T Cel l s .

	

Thymocyt es f r om a mouse car r yi ng t he

167- p and 167- t c t r ansgenes wer e anal yzed f or A and K pr ot ei ns by i mmunof l uo-

r escence ( Fi g . 6) . ^ - 60% of t he t r ansgeni c t hymocyt es cont ai ned A ( Fi g . 6D) . I n

nor mal t hymus, onl y ^- 0. 1%of t he cel l s wer e A+ ( Fi g . 6B) ; t hese appear t o have

pl asma cel l mor phol ogy . When st ai ned wi t h ant i - K, onl y a f ew pl asma cel l s, but

not t he t hymocyt es of t he K p- t r ansgeni c mouse wer e st ai ned ( Fi g . 6F) . The A'

cel l s ar e i ndeed T l ymphocyt es, because 98% of t he t hymocyt es wer e Thy- 1 +

( not shown) . Thymocyt es f r om t he same K Ft mouse wer e al so st ai ned f or sur f ace

i mmunof l uor escence wi t h ant i - A, and anal yzed by FACS ( not shown) . The

t hymocyt es wer e f ound t o be negat i ve f or sur f ace- bound i mmunogl obul i n .
Thi s par t i cul ar K A mouse ( 207- 4) had ver y hi gh l evel s of K and u RNAs i n t he
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I mmunof l uor escence of t hymocyt es . Thymocyt es of nor mal ( A and B) , and KJA

t r ansgeni c mi ce ( C- F) ( 207- 4) wer e st ai ned wi t h r hodami ne- conj ugat ed ant i - , ( A- D) or ant i - K
( E and F) and phot ogr aphed i n dar kf i el d ( A, C, and E) or f l uor escence mi cr oscopy ( B, D, and
F) .

spl een ( Fi g . 5, K j col umn 6) , and of u RNA i n t he t hymus ( not shown) . The
t hymuses of t wo ot her K A mi ce ( 212- 2 and 212- 3) wer e al so anal yzed f or

cyt opl asmi c i mmunof l uor escence and f ound t o be weakl y posi t i ve f or u pr ot ei n
i n a hi gh pr opor t i on of t he t hymocyt es ( not shown) .

i nf l uence of Tr ansgenes on Expr essi on of Endogenous MOPC- 167- l i ke Genes .

Sever al of t he mi ce t hat car r y onl y K- 167 t r ansgenes show, i n addi t i on t o a l ar ge
amount of V. - 167 RNA, al so a sever al - f ol d i ncr eased l evel of HRNA wi t h t he

VH- 167 sequence compar ed wi t h nor mal l i t t er mat es ( Fi g . 5, i c ; Tabl e 1, K vect or
0) . Thi s RNA i s encoded by endogenous Hgenes . Ther e may be some cor r el at i on
bet ween t he amount of t r ansgenec K- 167 and endogenous H- 167 RNA, si nce

onl y t he mi ce wi t h ver y hi gh l evel s of K- 167 RNA show an i ncr ease of H- 167

RNA. However , some mi ce wi t h ver y hi gh l evel s of K- 167 do not have hi gh l evel s
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FI GURE 7 .

	

RNA dot s of spl een f r om di f f er ent Wt r ansgeni c mi ce . The dot s cont ai n 2 and 10
l eg RNA f or t he VH and V, pr obes, and 0. 5 and 2. 5 mg f or t he C, pr obe . Mi ce f r om whi ch t he
spl een RNAs wer e obt ai ned ar e i ndi cat ed on t he t op. N, nont r ansgeni c l i t t er mat e of t he k0
memmi ce ; 2- 4 ar e 250- 1, 250- 2, and 254- 3 ; 5- 7 ar e 243- 4, 243- 2, and 200- 3 . The hybr i di -
zat i on DNA pr obes ar e i ndi cat ed on t he r i ght si de .

of H- 167 RNA ( Fi g . 4 K mi ce ; Fi g . 5, t hi r d panel , r c, col umn 1 ; Tabl e I mouse
234- 4) .

Li kewi se, mi ce wi t h t he compl et e 167- g gene show r el at i vel y hi gh l evel s of

167- u RNA i n t he spl een ( Fi gs . 5 and 7, a) . Of f i ve t ot al mi ce wi t h t he 167- j

t r ansgene, al l had i ncr eased expr essi on of endogenous 167- K- l i ke genes . I n

cont r ast , no mi ce ( n = 5) wi t h t he 167 A A mem gene showed an i ncr eased

amount of 167- I C RNA ( Fi g . 7 shows t hr ee of t hese ; see al so Tabl e I ) , despi t e

hi gh l evel s of 167- H RNA and t ot al K RNA ( pr obed wi t h C. ) . These r esul t s ar e

si gni f i cant wi t h r espect t o B cel l t r i gger i ng ( see Di scussi on) .

Types of 167 Heavy Chai n RNAs .

	

Nor t her n bl ot s of spl een RNA pr obed wi t h

V, - 167 conf i r med t hat nor mal mi ce ( Fi g . 8, N) do not pr oduce det ect abl e l evel s

of VH- 167- cont ai ni ng RNA ( Fi g . 8A) . As cont r ol s, t he t wo ) genes wer e t r ans-

f ect ed i nt o t he myel oma J558L, and onl y t he secr et ed f or mof t he 167- , mRNA

was seen, even wi t h t he compl et e A gene ( Fi g . 8 C) . Thi s r ef l ect s RNA pr ocessi ng

i n f avor of t he secr et ed f or m i n t he pl asma cel l st age . However , t r ansgeni c mi ce

wi t h t he compl et e A gene show bot h t he membr ane and t he secr et ed f or m of

167- / A RNA i n spl een and t hymus ( Fi g . 8, A and C) . I n t he spl een, t he secr et ed

f or m i s pr edomi nant , pr obabl y i ndi cat i ng t hat t he maj or i t y of t he 167- A RNA i s

der i ved f r ompl asma cel l s . I n t he t hymus, an equal or gr eat er amount of t he V, . , -

167 RNA i s i n t he membr ane f or m. Thus, T cel l s appear t o pr ocess u RNA l i ke

pr e- B and ear l y B l ymphocyt es, wi t h bot h pol yadenyl at i on si t es of A bei ng used .

We do not know how t hese st eady- st at e l evel s of u RNA i n t he t r ansgeni c t hymus

ar e i nf l uenced by di f f er ent i al st abi l i t i es ver sus t r anscr i pt i on r at es . Besi des t he

def i ned bands of secr et ed and membr ane 167- 1 RNA ( Fi g . 8, A and C) t wo

shor t er - l engt h t r anscr i pt s ar e seen when Nor t her n bl ot s of t hymus RNA ar e

pr obed wi t h CzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� ( Fi g . 8B) . These i ncompl et e t r anscr i pt s do not cont ai n VH- 167

sequences ( compar e, i n Fi g . 8, A wi t h B) . They ar e ver y pr omi nent i n t he t hymus

of mi ce wi t h or wi t hout A t r ansgenes ( Fi g . 8 B and ot her dat a not shown) . I n

spl eens of mi ce wi t h or wi t hout a ) u t r ansgene, onl y t he i ncompl et e j RNA of t he

hi gher mol ecul ar mass i s obser ved ( Fi g . 8 B, and not shown) . These shor t

t r anscr i pt s i n spl een and t hymus pr obabl y r epr esent RNA t r anscr i pt s f r om DJ

r ear r angement s of endogenous H genes ( 23, 24) .

Mi ce wi t h t he , t c A memt r ansgene have onl y t he secr et ed f or m of t he VH- 167-
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Nor t her n bl ot s. Spl een ( S) and t hymus ( T) RNAs f r om t r ansgeni c and nor mal ( N)
mi ce ; t he t r ansgeni c mi ce cont ai ned t he p167- , u gene ( y) ( 200- 3, 200- 6, and 207- 4) , t he p167-
j A memgene ( uA mem) ( 217- 6) , or t he p167 - K( K) gene ( 233- 4) ; RNA f r om t he myel oma
MOPC 167 ( 167/ my) ; and RNAs f r om t he myel oma J 558L t r ansf ect ed wi t h t he p167Fa and
p167A memgene ( j u, AA mem/ Tr ansf . ) . A and B ar e t he same bl ot s ( 20 wg RNA each l ane)
hybr i di zed i n A wi t h t he V, 167 pr obe, and af t er decay of t he si gnal , r ehybr i di zed wi t h CzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� . C,
30 Wg RNA f or S and T, 10 wg f or t he r est , hybr i di zed wi t h VH- 167 . Memand sec: membr ane
( 2 . 7 kb) and secr et ed ( 2 . 4 kb) f or ms of A mRNA. a, mar ker f or 1 . 9 kb si ze of secr et ed f or m
of a and 7 mRNAs . Ar r ow i ndi cat es hi gh- mol - wt f or m i n spl een RNA of t wo di f f er ent p167

, uA memt r ansgeni c mi ce . Ast er i sk i ndi cat es i ncompl et e A t r anscr i pt s .

A RNA i n t hei r spl een, as expect ed ( Fi g . 8, A and C) . I n t wo cases, t he spl een

RNAs cont ai n a l ar ge t r anscr i pt of ^ " 3 kb i n addi t i on t o t he secr et ed f or m ( Fi g .

8, A and C) . Thi s i s ^ - 300 nucl eot i des l ar ger t han t he membr ane f or m. I nt er est -

i ngl y, t hi s t r anscr i pt does not cont ai n C� sequences ( Fi g. 8B) . We have not yet

i nvest i gat ed t he or i gi n of t he l ong t r anscr i pt s . Per haps t r anscr i pt i on i nt o f l anki ng

sequences and aber r ant spl i ci ng i s i nvol ved .

The endogenous 167- , RNA pr oduced i n t he spl een of mi ce wi t h t he 167- r c

t r ansgene di d not cont ai n any det ect abl e membr ane f or m ( Fi g . 8, A and C K/ S) .

I n addi t i on t o t he secr et ed A f or m, one of t he K mi ce al so cont ai ned a det ect abl e

amount of VH- 167 + RNAof t he si ze of secr et ed 7 or a RNA ( Fi g . 8 C) .

Di scussi on

The MOPC- 167 1 and K genes ar e expr essed at hi gh l evel s i n t he t r ansgeni c

mi ce r epor t ed her e . Thi s st udy r epr esent s t he f i r st at t empt at expr essi ng a 'U

gene wi t h del et ed membr ane t er mi nus, ei t her i n cel l t r ansf ect i on or when

pr opagat ed t hr ough t he ger ml i ne of mi ce . I t cl ear l y shows t hat t he r egi on j ust

5' , wi t hi n, and 3' of t he A membr ane t er mi nus i s not r equi r ed f or cor r ect

expr essi on and pr ocessi ng of secr et ed p. Thi s i s appar ent l y i n cont r ast t o t he CK

gene, wher e we have pr el i mi nar y evi dence t hat a r egi on 6 kb 3' of CK i s r equi r ed

f or hi gh expr essi on i n t r ansgeni c mi ce ( U. St or b, C. Pi nker t , R. Br i nst er , and S.

L . McKni ght , unpubl i shed) .

The A and K t r ansgenes ar e gener al l y t r anscr i bed i n a t i ssue- speci f i c f ashi on .

However , t he p t r ansgenes ar e expr essed i n t hymus, wher e nor mal l y cor r ect l y

r ear r anged , u genes do not exi st . Thus, T cel l s seem t o have t he capaci t y t o
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act i vat e f c genes suf f i ci ent l y f or t r anscr i pt i on, but t hey seemt o l ack t he abi l i t y t o

cor r ect l y r ear r ange I g genes . The Vi i 167- cont ai ni ng t r anscr i pt s i n t he t r ansgeni c

t hymuses ar e of nor mal l engt h f or secr et ed and membr ane M, - encodi ng mRNAs .

The mRNAs ar e appar ent l y st abl e and t r ansl at ed i nt o st abl e A, pr ot ei n, whi ch

can be vi sual i zed i n t hymocyt e cyt opl asm. The A pr ot ei n cannot be det ect ed on

t he cel l sur f ace by i mmunof l uor escence, and one may concl ude t hat A does not

associ at e wi t h t he a or , Q chai n of t he T cel l r ecept or , or at l east not i n a way t hat

al l ows bi ndi ng of ant i - Cu ant i bodi es . Onl y - 60% of t he t hymocyt es showed

i nt r acyt opl asmi c p pr ot ei n ( Fi g . 6D) . I n nor mal t hymus, ^ - 50- 70% of t he t hy-

mocyt es have T cel l r ecept or pr ot ei n on t he sur f ace ( 25) . I t i s r easonabl e t o

post ul at e t hat t hese same cel l s woul d expr ess u genes, al t hough we have not

made t he di r ect cor r el at i on . Pr esumabl y t he same t r ans act i ng f act or s f or gene

expr essi on t hat i nt er act wi t h T cel l r ecept or genes can al so act i vat e ' genes .

Most of t he t r ansgeni c mi ce expr ess t he Ec and K genes at a hi gh r at e i n t he

spl een . Fur t her mor e, most of t he t r ansgeni c mi ce pr oduce 10- 100- f ol d hi gher

l evel s of ant i - PCant i bodi es t han nor mal mi ce ( C. Pi nker t , J . Manz, R. L. Br i nst er ,

and U. St or b, unpubl i shed obser vat i ons) . For B cel l act i vat i on t o ant i body

secr et i on, ant i gen i s pr obabl y r equi r ed . Phosphor yl chol i ne, t he t ar get ant i gen

f or MOPC- 167 ant i bodi es, i s a f ai r l y ubi qui t ous ant i gen, as i t i s a component of

bact er i al membr anes, f ungi , par asi t es, et c . ( 26, 27) . The l evel s of ant i - PC ant i -

bodi es and of endogenous 167- u RNA ar e gr eat l y i ncr eased i n t r ansgeni c mi ce

wi t h t he compl et e p gene ( and conver sel y, endogenous 167- M RNA i n K mi ce) .

Appar ent l y, B cel l s t hat expr ess t he 167- ; t gene and at t he same t i me happen t o

expr ess an endogenous 167- r c t r ansgene ar e t r i gger ed and expanded at a much

hi gher r at e t han B cel l s t hat expr ess ot her endogenous K genes .

Mi ce wi t h t he M A memt r ansgene pr oduce hi gh l evel s of mRNA encoded by

t hi s gene . I n cont r ast t o t he mi ce wi t h t he compl et e A gene, however , t hey do

not pr oduce an i ncr eased amount of MOPC- 167- l i ke K RNA. Thi s di f f er ence

pr obabl y i ndi cat es t hat B cel l s expr essi ng t he u Amemt r ansgene ar e not act i vat ed

by PC. I n cont r ast t o membr ane I g, t he secr et ed mol ecul e l acks a hydr ophobi c

car boxy t er mi nus r equi r ed f or st abl e anchor age i n t he membr ane . Recent wor k

( 28, 29) has shown t hat t he r ol e of membr ane I g i n B cel l s i s t o capt ur e ant i gen

f or endocyt osi s and pr ocessi ng . Pr ocessed ant i gen i s t hen pr esent ed t o T cel l s i n

associ at i on wi t h l a, not i n associ at i on wi t h sur f ace I g . Dependent on t he car r i er ,

PC can be a T- dependent ant i gen ( 30) . I t appear s t hat , i n t r ansgeni c mi ce wi t h

t he p A memgene, B cel l s t hat pr oduce t he t r ansgeni c secr et ed Hchai n t oget her

wi t h endogenous M- 167 Kchai ns ar e not sel ect ed . Al t hough secr et ed I g mol ecul es

ar e r el eased f r om t he cel l sur f ace, t hey appar ent l y do not dwel l i n t he pl asma

membr ane i n a way t hat woul d per mi t cel l act i vat i on . I t i s cur i ous, t hen, t hat

mi ce wi t h t he y Amemt r ansgene pr oduce such hi gh l evel s of t he secr et ed M. 167

y RNA. The hi gh t r ansgeni c and t ot al endogenous , u mRNA l evel s i n t hese mi ce

( Fi g . 8, A and B) suggest t hat most B cel l s expr ess t he g A mem t r ansgenes

t oget her wi t h compl et e endogenous membr ane i mmunogl obul i ns . Thi s woul d

mean t hat t he y A memgene or i t s encoded secr et or y A pr ot ei n does not cause

f eedback i nhi bi t i on of endogenous H and L gene r ear r angement . As t he t r ans-

geni c, AmemB cel l s wi t h endogenous Hand L chai ns become act i vat ed by any
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of a l ar ge number of ant i gens, t he t r ansgeni c mRNA pr obabl y becomes ampl i f i ed

t oget her wi t h t he endogenous I g mRNAs i n t he same cel l .

Whi l e t he A, A mem pr ot ei n mol ecul es woul d not i nt er f er e wi t h ef f i ci ent

t r i gger i ng of B cel l s t hat expr ess endogenous I gs, t hey do appar ent l y associ at e

wi t h endogenous L chai ns i n secr et ed mol ecul es ( not shown) . Thus, ^zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 50%

scr ambl ed ( t r ansgeni c j A memHpl us endogenous Hand L) ant i body mol ecul es

and 25%pur e ) u A memH, endogenous L mol ecul es ( i n addi t i on t o 25%pur e

endogenous HL mol ecul es) , woul d be secr et ed by most i ndi vi dual pl asma cel l s .

Never t hel ess, t he mi ce, now ^- 1 yr ol d, appear t o be heal t hy wi t hout speci al

pr ot ect i on f r om pat hogens . Appar ent l y, t he mul t i l evel i mmune def ense syst em

cont ai ns enough saf eguar ds t hat di l ut i on of pur e ant i bodi es by a hi gh pr opor t i on

of scr ambl ed and i r r el evant mol ecul es can be t ol er at ed . Wi t h r espect t o t hi s

pl ast i ci t y of t he i mmune syst em, and i n r el at i on t o al l el i c excl usi on, i t wi l l be

i nt er est i ng t o det er mi ne on t he cel l ul ar l evel howt he coexpr essi on of endogenous

I g genes and t r ansgenes i s cont r ol l ed .

Summar y

Tr ansgeni c mi ce wer e pr oduced t hat car r i ed i n t hei r ger ml i nes r ear r anged K

and/ or j genes wi t h VK and VH r egi ons f r omt he myel oma MOPC- 167 « and H

genes, whi ch encode ant i - PC ant i body . The ju genes cont ai n ei t her a compl et e

gene, i ncl udi ng t he membr ane t er mi nus ( j genes) , or genes i n whi ch t hi s t er mi nus

i s del et ed and onl y t he secr et ed t er mi nus r emai ns ( , 0 memgenes) . The ju gene

wi t hout membr ane t er mi nus i s expr essed at as hi gh a l evel as t he A gene wi t h

t he compl et e 3' end, suggest i ng t hat t hi s t er mi nus i s not r equi r ed f or chr omat i n

act i vat i on of t he 1 l ocus or f or st abi l i t y of t he mRNA. The t r ansgenes ar e

expr essed onl y i n l ymphoi d or gans . I n cont r ast t o our pr evi ous st udi es wi t h

MOPC- 21 K t r ansgeni c mi ce, t he A t r ansgene i s t r anscr i bed i n T l ymphocyt es as

wel l as B l ymphocyt es . Thymocyt es f r om A and KA t r ansgeni c mi ce di spl ay

el evat ed l evel s of M- 167 ) RNAand do not show el evat ed l evel s of K RNA, even

t hough hi gher t han nor mal l evel s of M- 167 K RNAar e det ect ed i n t he spl een of

t hese mi ce . ^ - 60% of t hymocyt es of j t r ansgeni c mi ce pr oduce cyt opl asmi c i

pr ot ei n . However , despi t e a l ar ge amount of A RNA of t he membr ane f or m, 1

pr ot ei n cannot be det ect ed on t he sur f ace of T cel l s, per haps because i t cannot

associ at e wi t h T cel l r ecept or a or a chai ns .

Mi ce wi t h t he compl et e A t r ansgene pr oduce not onl y t he A, t r ansgeni c mRNA

but al so consi der abl y i ncr eased amount s of K RNA encoded by endogenous

MOPC- 167 l i ke K genes . Thi s suggest s t hat B cel l s ar e sel ect ed by ant i gen ( PC)

i f t hey coexpr ess t he A t r ansgene and appr opr i at e ant i - PC endogenous K genes .

Mi ce wi t h t he , u A memgene, however , do not expr ess det ect abl e l evel s of t he

endogenous MOPC- 167 K mRNA. Li ke t he compl et e j t r ansgene, t he M- 167K

t r ansgene al so causes ampl i f i cat i on of endogenous MOPC- 167 r el at ed i mmuno-

gl obul i ns ; mi ce wi t h t he K t r ansgene have i ncr eased amount s of endogenous

MOPC- 167- l i ke A or a or y i n t he spl een, al l of t he secr et ed f or m. I mpl i cat i ons

f or t he r egul at i on of i mmunogl obul i n gene expr essi on and B cel l t r i gger i ng ar e

di scussed .

We t hank Dr s . P. Gear har t , L . Hood, R. Per l mut t er , S. Cor y, J . Adams, A. Bot hwel l , J .
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