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slowcr rate than mouse embryo cells. Failure 
to reach a comparable rate of multiplication 
may be it characteristic of this cell line or 
could depend on nutritional conditions in  our 
experiments, since fluids were changed only 
weekly and a low clmcentration of horse serum 
was used. Furthermore, media used for L 
cells contained less bicarbonate than that em- 
ployed with mouse embryo cells, and i t  was 
recently reported( 10) that virus yield is de- 
pendent on bicarbonate concentration of the 
medium. 

Through analysis of host-virus relation- 
ships with polyoma virus so far studied, it 
appears that capability to induce tumors in 
animals is not necessarily correlated with abil- 
ity to multiply in ‘7itro in cells from the same 
animals nor with ability to produce CPE in 
the same cells. &[oreover, a correlation does 
not exist between ability to multiply and CPE. 
For instance, poljwma virus induces tumors 
in mice( 11) and multiplies in mouse cells in 
vitro with CPE(  1) .  On the other hand, in 
ra t s ( l2)  and rakbits(l3) tumors are pro- 
duced, but neither virus growth nor CPE takes 
place in vitro. In hamsters, tumors are in- 
duced( 14) ,  multiplication of virus takes place 
in zlitro, but no CPE is detectable( 15).  Then, 
when multiplication in vitro occurs, i t  may 
result in killing of infected cells (CPE) or in 
production of virus without cell degeneration, 
as shown in our experiments with L cells and 
by Vogt and Dulhecco in hamster tissue cul- 
tures( 15) .  Thewfore, 3 different kinds of 
relationships betwl2en polyoma virus and cells 
exist: malignant transformation, multiplica- 
tion with CPE, anli virus production with sur- 
vival of infected cells. Whether the type of 
response depends on predetermined and gene- 

tic characteristics of cells or on modifiable 
con (1 it  i ons is now 11 n der i lives t i pa t ion . 

Szrmmczry. l’rolmzgation of SE: 1)olyoma vi- 
rus in 4 different cell systems in vitro has 
been studied. Mouse embryo cells support 
multiplication of this virus with CPE. Growth 
occurs to a lesser extent in L cells without 
CYE, while it does not take place in HeLa ant1 
rabbit cells. 
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Biochemical Polyimorphisms in Animals : Haptoglobins and Transferrins. 
(257 14 ) 

R .  S. BLUMHERG (Tntroduced by D. 1’. Rall) 
LV:cit. Inst. of Ar thr i t i s  rind Afriaholic l)iAua\uA, Hutheda,  Add 

I h ~ l ( 1 )  has defined polymorphism as “the 
occurrence togethw in the same habitat of 2 
or more clisc-ont iniioiis forms of ;i species in  

such proportions that the rarest of them can- 
not be maintained merely hy recurrent m u t r t -  
tion.” I3iochemical polymorl~hic traits of men 
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b’TCi. 1. Diagrams of ])ohitions of h:i~)togIo1~iii t):iiids in several aniinals (see Table I f o r  
ititmbers studied). The exc tw henioglobi~t I): i i i ( l  i h  iiot showii. Position of fast-moving bands in  
3 fish i s  no t  consistent. Relative positions of liutiiaii serum proteins shown i n  the  first pa11el. 
7, gamma globulin ; 0, origin ; Sat‘, slow :~lpli;~-J-g.lobuliil ; AIJR, albumin; PA., pre-albumin ; +, positive pole. Soiiienvlaturt. i \  tha t  o f  Sniitliit>s(:<). 

k ’ l G .  2 .  1)iagrani of inonkey s(’1wiit protc’iir 1):t tte1.11 a f te r  stnrcli gel electrophoresis in borate  
b u f f c ~ i *  nii t l  niiiido b1;ic.k ht;iiiiiiig ( s w  t es t  ) .  Origiii i h  011 riglil ai ic l  1)ositise pole to  left.  Gamma 
giobiili 11s arc’ not s l i o ~  1 1 .  ‘I’ht. 8 (IiflcIreiit 1):ittc’rtis of h t : i  globulins are  indicated. Autoradio- 
gr:~plis niaclc. with SCI’IIIII  c.olitaiiiiiig i.;i(lic)i I W I I  t o  tlt~iiioiistr:rtc‘ pohitiolr of t ransferr in  b:tnds were 
iiiatlr, but  a re  not s h o ~ v n  in  ortlcir to coiisprvt’ sp;ict’. Radioiron I)incls to each of the p-globulin 
bands, iiicludirig the slow oiie i n  type G, hut  iiot to the slow moving band in type E. The poly- 
morpliism i n  the position of the fast-moving prr:iI humir t  i s  also shown diagrammatically. Iroii 
does not  bind to  the prealbumin( 7,12). 

FIG. 3. Starch gel electrophoresis ( t r i s  bu f fe r )  of wiimal and human seruin which has been 
equilibra t r d  with radioiron (see text) .  t)i;rgr:jni of coiit:ict print of autoradiograph showing 
re1:itive position of t rnnsfcrrin I)niitls. 

and animals are being discovered with increas- 
ing frequency. In the present paper prelimi- 
nary data on 2 such systems are presented. 
Haptoglobins are a family of serum proteins 
which bind hemoglobin ( 2  ) . Smithies (3 )  has 
shown by means of starch gel electrophoresis 
that there are 3 main haptoglobin types deter- 
mined by 2 autosomal allelic genes Hpl and 

Hp2 (Fig. 1 ) . The presence of polymorphism 
for beta-globulins has been shown in some hu- 
man populations (4), cows ( 5 )  , sheep (6 ) ,  and 
other animals( 7 )  by means of starch gel elec- 
trophoresis. Beta-globulins appear equiva- 
lent to “transferrin,” the serum protein which 
binds iron. In humans, transferrins are gene- 
tically controlled at a single locus, Tf, by a t  
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least 3 alleles Tf”, Tfc and Tf”(4) .  
MPthods. Starch gel electrophoresis was by 

the method of Sniithies(3). All studies were 
done using both conditions for serum proteins 
(borate buffer p H  8.6-8.9) and discontinuous 
(tris) buffer system of Poulik(8). Hapto- 
globins were detcrmined by adding approxi- 
mately 120 mg/lOO ml of human hemoglobin 
solution to serum and staining for hemoglobin 
bound to the haptoglobins using benzidine 
and hydrogen peroxide after completion of 
electrophoresis. FeSg (as FeC13) was ob- 
tained from Abbott Labs (Oak Ridge, Tenn.). 
Aliquots od aqueous solution were added to 
serum and equilix-ated a t  4°C for 24 hours. 
Final concentratim of FeSQ in serum was ap- 
proximately 3 x molar. For radio-iron 
studies, the gel W , ~ S  split in half, one half used 
for autoradiography, and the other stained for 
protein with amico black. 

Results. Haptoglobin patterns of 208 lower 
primates have bem studied. These include 170 
monkeys (Macaca mulatta) , 4 chimpanzees 
(Pan toglodytes: and 34 baboons (Papio) . 
In none of these was a pattern resembling a 
human type 2-2 or 2-1 seen. All of them had 
a band in approximate position of type 1-1 
haptoglobin (Fig. 1 ) .  In approximately % 
of the monkeys, there was a second band 
(band 2 )  traveling faster than the colmmon 
one. After addition of excess of hemoglobin, 
migration of b m d  2 became slower and 
merged with the slower moving band. A simi- 
lar phenomenon is seen in serum of seals( 7 ) .  
Samples of sera, clrawn a t  one month intervals, 
were available from 10 monkeys. Position of 
haptoglobin band 1 was identical in both spe- 
cimens; the fast-moving band (band 2 )  was, 
however, absent or considerably decreased in 
some animals in the second specimen. This 
suggests that thi,; band is not persistent dur- 
ing life. Fast-ml3ving bands, similar to mon- 
key band 2 ,  were seen in chimpanzee, baboon, 
and some other mimals. None of the other 
animals (Table 1 ) tested had a pattern simi- 
lar to human 2-2 or 2-1, but many had a hap- 
toglobin band with approximately the same 
migration as hum an type 1 - 1. Several unusual 
varieties were sem (i.e., marmot type 2 )  and 
some animals had bands migrating faster than 
the haptoglobin type 1-1 band. This was in 

Species No. stutlietl 

1. 
2. 
3. 
4. 
5 .  

6. 

7. 
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9. 
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4 
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nearly all cases excess hemoglobin, but fast- 
moving haptoglobin bands could not be ruled 
out in every case, since some sera used were 
hemolyzed. Mice had a band in the position 
of human 1-1 band as well as a fast-moving 
band. There was some variation from strain 
to strain in position of fast-moving bands and 
in amount of hemoglobin bound. 

Beta-globulins. In  a study of sera of 143 
monkeys, several distinct beta-globulin pat- 
terns have been found (Fig. 2 ) .  The differ- 
ence between type B and type C seems a 
quantitative one, and these 2 types have been 
grouped together. Distribution of types was 
as follows: type A, 51; type B and C; 67;  
type D, 8 ;  type G, 5 ;  type H, 7 ;  type J, 4. 
The distinction between types J and H was 
sometimes difficult. In addition, there was 
one sera of type E. A diagram of autoradio- 
graph of monkey type A, compared to human 
transferrin type CD (genotype Tf“ TfD) is 
shown in Fig. 3. A description of monkey 
autoradiographs is given in caption of Fig. 2. 
The same patterns were seen using borate or 
tris buffer, but better resolution was obtained 
with the latter, particularly if the gel buffer 
was diluted to1 half strength. 

The radioiron binding of 4 chimpanzees, 7 
baboons, 6 strains of mice, and a fish (snap- 
per) were also studied (Fig. 3 ) .  No intra- 
species variations were seen. There is a sin- 
gle band in chimpanzees, baboons, and fish 
which, in chimpanzees and mice, migrated 
slower, and in monkeys, baboons, and fish, mi- 
grated faster than human transferrins. These 
studies do not rule out a polymorphism in 
these species, and Dr. J. Buettner- Jansuch 



has kindly informed LIS that he olxerved varia- 
tion in 11al)oon heta-globulin patterns. 

There are ,i 1)ositions of I)re-all,umin 1)antl 
of monkeys (Fig.  2 ) .  and this may also con- 
stitute a polymorphism( 7 ) .  This protein 
Iiinds radiothyroxine( 1 2 ) .  

Dismssioj i .  In comparing inherited pro- 
teins in different species. it cannot be assumed 
that proteins that have the same mobility on 
starch gel electrophoresis. or that bind the 
same material ( i . c . ,  hemoglobin and iron) are 
the same substances. A41though such proteins 
may be very similar. it is necessary to com- 
pare them more explicitly by physical and 
chemical means before their equivalence can 
be assumed. Such studies are in progress. 

Hap t o g 1 obi n 11 o l!mo r 11 h i sm in h u ma ns does 
not occur in monkeys studied. all those tested 
having a protein with migratory properties 
similar to that of human type 1-1 haptoglobin. 
This implies that the Hp' gene is rare in mon- 
keys and probably also i n  other animals 
tested. In terms of some of the concepts on 
development of polq'niorphisms (9 )  , this may 
indicate that if a mutation to the Hp2 gene 
occurred in monkeys, i t  offered no advantage 
in internal and external environment then ob- 
taining, and it did not increase in the popula- 
tion in subsequent generations. On the other 
hand. when the human gene pool experienced 
this mutation, conditions favored its spread i n  
the population. and it increased i n  frequency 
until balanced by other forces. 

I<xamples analogous to this have been seen 
i n  other polymorphic systems, such as the 
trait associated with urinary excretion of beta 
aminc;isobutyric acid ( B A I H )  ( 1 0 ) .  On the 
other hand, polymorphisms present in humans 
have been found to exist in lower primates. 
Fisher, Ford, and Huxley have shown that 
dimorphism for taste of 13 hen yl t h i o car 11 i m i (1 e 

is 1)resen t in  chimpanzees and probably other 
i)rimates( 1 1  ) ,  and it appears to  be present in 
monkeys ( A I t r m - u  11dat t (z)  as well (Hlum- 
hcrg. unput)lishecl observation). 

In transferrins, polymorphism exists in pri- 
mates but appears to involve proteins with 
different physical properties than human 
transferrins. I t  will be of interest to compare 
these proteins chemically and physically and 
to determine the evolutionary significance of 
their differences. 

Two genetic polymorphic sys- 
tems, haptoglobins and transferrins, have 
been studied in various animal species. Hap- 
tc,globin polymorphism, present in human 
populations, has not been found in other pri- 
mates so far tested. A polymorphism for 
transferrins exists in monkeys, but i t  includes 
proteins different from those found in human 
1 I (11 y ni o r 11 h i sm . 
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