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SUMMARY 

RNA/DNA hybr id izat ion was used to quant i tate immunoglobulin (Ig) genes. 
The RNA was prepared from microsomes of mouse myeloma cell@~nd fu r ther  pur i -  
f ied by select ing poly A containing (poly A +) species. ( I ~ I )  labeled mye- 
loma microsomal poly A + RNA (mainly Ig K-chain mRNA) was hybridized in solu- 
t ion with an excess of mouse DNA. Biphasic hybr id izat ion k inet ics showed that 
a s ign i f i can t  port ion of the hybrids were formed at low Cot ind icat ing reac- 
t ion with about 2,500 to 5,000 copies in the DNA. Krebs microsomal poly A + 
RNA, and myeloma postmicrosomal poly A + RNA, did not show a rapid ly  hybr id iz-  
ing phase. The data suggest the existence of a large number of immunoglobulin 
genes per haploid genome, enough probably to sa t is fy  germ l ine theories of 
antibody synthesis. 

INTRODUCTION 

Since pa r t i a l l y  pur i f ied  mRNA extracted from the microsomes of Ig 

L-chain producing myeloma tumors can be f a i t h f u l l y  t ranslated into L-chains 

in cel l  free systems (1,2),  i t  is l i k e l y  that  s t ructura l  genes ex is t  fo r  a l l  

Igs. Thus, many thousand d i f f e ren t  Ig genes would be required to code for  the 

mult i tude of chemically d i f f e ren t  antibodies which an indiv idual  can synthe- 

size (3). I t  is unknown whether every cel l  contains a l l  Ig genes, as postu- 

lated by the germ l ine  theories (4), or whether the v a r i a b i l i t y  is created 

somatically so that d i f f e ren t  ce l ls  would have d i f f e r e n t  Ig genes, and a 

given cel l  would possess only a small number of them (5,6,7) .  

In f i l t e r  hybr id izat ion experiments I had found evidence for  approxi- 

mately 104 Ig genes (8). I am report ing here a quant i tat ion of Ig genes 

using hybr id izat ion in solut ion with DNA in vast excess. Poly A + RNA from 

myeloma ce l ls  was used as a source of Ig mRNA and i t s  hybr id izat ion k ine t ics  

were compared with those of RNAs which are devoid of Ig mRNA. 

ISome of the resul ts were presented at the 57th FASEB meeting, Ap r i l ,  1973. 
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Figure I .  SDS-polyacrYlamide gel electrophoresis of proteins synthesized b~ 
wheat 9erm cel l  f ree system w i t h  MOPC'4i m~crosomai poly A + RNA. I00 ~I in-  
cubation mix %ontained: 60 ~I wheat germ ext rac t ,  0.2 mM GTP, 1 mM ATP, 5 mM 
creat ine phosphate, 0.015 mg creat ine phosphokinase, 40 mM of 19 amino acids 
(minus ser ine),  5 ~C (3H)-serine (at 2 C/mM, NEN), 45 mM KCI, 3.8 mM Mg Ac, 
13 ~g MOPC-41RNA. I00 ~I incorporated 23 pmole (JH)-serine into TCA 
prec ip i tab le rad ioac t i v i t y ,  cpm of endogenons background were subtracted. 

METHODS 

Tumors. MOPC-41 myeloma tumors were se r i a l l y  passaged in Balb/c mice as 
sol id subcutaneous tumors. Krebs I I  ascites tumor was se r i a l l y  passaged in 
outbred Swiss mice. 
Preparation of DNA and RNA. DNA was extracted from myeloma tumors or Krebs 
ascites ce l is  (8). Microsomes were prepared from sol id myeloma tumors (8,9) 
or from Krebs ascites ce l ls  ( I0) .  RNA was extracted by the hot phenol method 
in pH 5.2 Na acetate (8). Poly A + RNA was isolated from tota l  microsomal 
and postmicrosomal RNA by chromatography o~po ly  U Sepharose ( I I ) .  Poly A + 
RNAs and E. col i  RNA were iodinated with ( t~° l )  (12). 
Cell free protein synthesis. MOPC-41 microsomal poly A + RNAs were translated 
in a cel l  f ree system of a wheat germ cytoplasmic extract  (13). 
RNA/DNA hybr id izat ion i n DNA excess. DNAs were sheared in a pressure cel l  at 
12,000 psi. The sheared DNAs sedimented in a lka l ine sucrose gradients as a 
sharp, symmetrical peak of 9S as determined by comparison with a reference 
marker of l inear  polyoma DNA molecules included in the same qradient;  the 
single stranded molecular weight was calculated from this to be 380,000 
daltons (14). RNA/DNA hybr id izat ion was done essent ia l ly  as described by 
Mel l i  et al .  (15). SMeared DNA was mixed with iodinated RNA at DNA/RNA rat ios 
I . I  x 104 to 2.4 x I0 ~ in 0.24 M phosphate pH 6.8 (PB). The mixtures were heat 
denatured for  7 mins at 95°C and then immediately placed into a water bath at 
the hybr id izat ion temperature. Af ter  incubation for  various times at 67°C the 
samples were rapid ly  cooled and frozen. To check for  the % hybrid formation, 
samples were d i lu ted I0 to 20 x in 0.24M PB and incubated for  25 mins at 37°C 
with or without 20 ~g/ml of pancreatic r ibonuclease, cooled and precip i tated 
with 8% TCA without added ca r r i e r ,  and the prec ip i ta tes were s c i n t i l l a t i o n -  
counted. For the determination of background RNAase res is tant  rad ioac t i v i t y ,  
hybr id izat ion mixtures were frozen immediately a f te r  heat denaturation. 
Thermal dissociat ion of RNA/DNA hybrids in  solut ion.  After incubation the 
DNA-RNA mixtures were d i lu ted 30 x with ice cold 0.24 M PB. Each sample was 
divided into 20 equal al iquots.  Duplicate tubes were heated for  I0 mins at 
5°C intervals between 65oc to lO0°C and then immediately cooled in ice. Al l  
samples were RNAsed, precip i tated with TCA and counted as above. 
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Figure 2. RNA/DNA hybridization in DNA excess. Myeloma or Krebs DNA was 
hybridized with (1251) RNA at overall DNA/RNA rat ios of I I ,000 (OMOPC-41 
microsomal poly A + RNA,~>Krebs microsomal poly A + RNA), 50,000 
( j ,  MOPC-41, ~ Krebs), and 240,000 (eMOPC-41,oKrebs) .  Back- 
ground RNAse resistant rad ioact iv i ty  was subtracted from al l  values. 

RESULTS 

Isolat ion of K-chain mRNA. MOPC-41 microsomal poly A + RNA shows a major 

peak between 12S to 16S in sucrose gradients, and two minor peaks at 18S and 

28S, probably contaminating rRNA (data not shown). In cell free protein 

synthesis the RNA stimulates the production of one major protein which tracks 

with MOPC-41 urinary K-chains on SDS-gel electrophoresis and three minor 

peaks, which have not been ident i f ied (Fig. I ) .  84% of the cell free product 

is spec i f ica l ly  precipitated by anti K-chain antibodies. The majori ty of 

the translatable RNA is therefore K-chain mRNA. 

H~bridization of myeloma microsomal mRNA with myeloma DNA in excess. Figure 2 

shows the hybridization of iodinated myeloma microsomal poly A + RNA and of 

Krebs microsomal poly A + RNA with varying amounts of myeloma or Krebs DNA. 

Both RNAs hybridized increasingly well as the DNA/RNA rat io  increased, indica- 

t ing that iodination did not a l te r  the base pairing capacity of the RNA. The 

myeloma RNA shows biphasic hybridization kinetics not seen with the Krebs 

RNA. Figure 3 compares the hybridization of myeloma microsomal poly A + RNA 
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Figure 3. RNA~DNA hybr id izat ion in DNA excess. -z~- MOPC-41 microsomal poly A 
+RNA (2.7 x I0 ° cpm/pg), a 500-fold excess Of to ta l  Krebs RNA, add myeloma 
DNA; -o- MOPC-41 postmicrosomal cytoplasmic poly A + RNA (5 x IO b cpm/pg), a 
500-fold excess ~f tota l  Krebs RNA, and myeloma DNA; -~- Krebs microsomal 
poly A + RNA (I0 cpm/pg), 200-fold excess of MOPC-IO4E myeloma RNA and Krebs 
DNA; -¢- E. col i  RNA (2.1 x 107 cpm/~g) and myeloma DNA; DNA/RNA rat ios of 
11,300 in 0.24 M PB at 67°C. The "contro ls"  indicate background RNAse res i s t -  
ant rad ioac t i v i t y  obtained in hybr id izat ion mixtures which were cooled immedi- 
ate ly  a f te r  heat denaturation. 

with various control RNAs at DNA/RNA rat ios of I I ,000.  In order to prevent the 

reaction of any remaining rRNAs and tRNAs in the (1251)-poly A + RNA, the 

hybr id izat ions were carr ied out in the presence of a 200- to 500-fold excess 

of unlabeled RNA; unlabeled Krebs RNA was added to labeled myeloma RNA, and 

vice versa. The background RNAse res is tant  rad ioac t i v i t y  in the hybridiza- 

t ion mixtures was between 7 and 13%. DNA renaturing in the course of a 

hybr id izat ion experiment did not mechanically trap and ~ro tec t  (1251)-RNA from 

RNAse action since the RNAase resistance of iodinated E. col i  RNA in the 

presence of myeloma DNA did not increase during extended incubation times 

(Fig. 3). Myeloma microsomal poly A + RNA shows a rapid ly  hybridiz ing phase 

with a Cot 2 I /2 of about 1 to 2. No such rapid phase was seen with Krebs 

microsomal poly A + RNA or poly A + RNA of myeloma postmicrosomal cytoplasm. 

The thermal s t a b i l i t i e s  of the hybrids with myeloma microsomal 

poly A + RNA are shown in Fig. 4. Hybrids formed up to a Cot of I00 had a 

.T m of 79°C, hybrids formed up to a Cot of 4,700 had a T m of 87°C. 

2Cot = product of DNA concentration x incubation time expressed as mole nucleo- 
t ide per l i t r e  x sec. 
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Figure 4. Thermal dissociation of RNA/DNA hybrids formed in DNA excess. 
Labeled myeloma microsomal poly A + RNA and unlabeled Krebs RNA were hybrid- 
ized with DNA to Cot I00 (-Z~-) or Cot 4,700 ( -e- ) .  The hybrids were melted as 
described under "Methods". 

DISCUSSION 

Poly A + microsomal RNA from MOPC-41 myeloma cel ls was used in the 

present study as a source of K-mRNA, since the main product of i t s  cel l  free 

translat ion is K((2) and this study). However, the RNA does contain some 

other species besides K-mRNA ((16) and Fig. I)  and although the wheat germ 

system seems to translate al l  mRNAs (B. Gal l is ,  pers. comm.), the presence of 

untranslatable mRNAs can not ent i re ly  be ruled out. 

I have not studied the hybridization of mRNA transcribed from a unique 

gene, however, from the data of others (17,18) one can in fer ,  that a unique 

sequence of the mouse genome would hybridize with RNA at a Cot I /2 of about 

5,000. In l igh t  of th is ,  the data in Figs. 2 and 3 indicate that a portion of 

the myeloma microsomal RNA hybridized with DNA sequences which have about 

2,500 to 5,000 copies (Cot I /2 = I-2) in the haploid genome. I wish to consi- 

der that these hybrids may consist of DNA and mRNA for sequences within vm- 

regions. Poly A could not have caused hybrids at low Cot (or at any Cot), 

since adenine is not iodinated (12), the samples were RNAsed, and the other 

poly A + RNAs did not show a rapid phase. I t  is also unl ikely that the low 

Cot hybrids were due to RNA species common to membrane bound ribosomes in gen- 

eral ,  or to myeloma RNA species which might contaminate the microsomes, or to 
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short sequences common to a l l  genes (19), since Krebs microsomal RNA and 

myeloma postmicrosomal RNA did not hybridize rapidly,  rRNAs and tRNAs con- 

taminating the (1251)-K-mRNA would not have hybridized in the experiments of 

Fig. 3, because of the excess of competitor RNAs. Furthermore, i t  has been 

generally found that,  with the exception of histone mRNAs, the majori ty of 

other ce l lu lar  mRNAs are transcribed from rare DNA sequences (20). On the 

other hand, I have always found th is rapid phase when myeloma microsomal poly 

A + RNA (MOPC-41; P3 K (yl K) and MPC-II (y2 K) (data not shown)) was hybri- 

dized. Assuming that the rapidly forming hybrids are due to VK-sequences, 

they can not represent the whole v-region, because only a low percentage of 

RNA binds at low Cot. However, the data are compatible with the known amino 

acid sequences of a large number of VK-chains (21,22), which have regions of 

s imi lar amino acid sequences interspersed with variable stretches. Since a 

sequence of at least 50 nucleotides (23) with at least 80% homology (24) is 

the lower l im i t  for stable hybrid formation at 67°C, nearly identical stretch- 

es of at least 17 amino acids are required to allow the hybridization of a 

given K-mRNA with sequences in most K-genes. Such stretches ex is t  in v K- 

chains. The part ial  mismatch of the low Cot hybrids is demonstrated in Fig.4 

by a re la t i ve ly  low T m (79°C) as compared with the T of native mouse DNA 
m 

(90°C in 0.24 M PB), i .e .  the low Cot hybrids must have been mismatched at 

about 7 to 10% of the base positions (25). Most RNA stretches with part ial  

homology to most K-genes would have hybridized independently of other K-mRNA 

stretches, since by iodination and thermal f iss ion the RNA had been degraded 

to pieces smaller than v-region mRNA (data not shown). This would explain the 

hybrids at higher Cots as due to K-DNA sequences present in fewer and fewer 

v -genes (Cot 20-1,000) or only in the gene homologous to KMOPC_41 
K 

(Cot >I,000). Genetic studies suggest that each constant region (c) gene 

exists only as a single copy per haploid genome. The data seem to support 

this theory, because i f  cK-genes were present in a large number of copies, low 

Cot hybrids of a perfect match should be formed. Part of the hybrids formed 
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at high Cot values are probably due to cK mRNA and part to contaminating 

mRNAs for other proteins. 

Delovitch and Baglioni (26) in s imi lar  experiments had not seen a 

rapid hybridizat ion phase. This was probably due to contamination of the i r  

RNA by other cytoplasmic RNAs which were transcribed from rare or unique DNA 

sequences. They have now recently also found a rapid phase of hybr idizat ion 

with the use of myeloma microsomal poly A + RNA. (Delovitch, pers. comm.). 

In conclusion, the evidence presented here suggests the presence in 

mouse cel ls of 2,500 to 5,000 vK-genes related to but not ident ical  with 

VMoPC.4 I ,  i .e .  probably enough to sat is fy  germ l ine theories (27). The same 

results were obtained with Krebs DNA, making somatic gene ampl i f icat ion un- 

l i k e l y  (Storb, unpublished). More de f in i t i ve  experiments with hybr id izat ion- 

competition of RNAs from myelomas which produce immunoglobulins of known amino 

acid sequences are in progress. 
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