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tion of oleic acid did not stimula,te esterifica- 
tion af cholesterol. The significance of these 
findings is discussed. 
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Vitamin Blz Unsaturated Binding Capacity of Sera from Various Animals.* 
(27144) 
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The native vitamin B12 content of serum 
varies widely ;zmong animal species ( 1-4) and 
may range from 0.04 mpg/ml in alligator se- 
rum to 31 mpg/mI in rabbit serum. Other re- 
port@-7) have shown that the native vita- 
min is non-dialyzable and is bound to serum 
proteins. However, serum is apparently un- 
saturated and will bind additional cyanom? 
balamin added in vitro. This phenomenon has 
been termed the serum "unsaturated BI2 
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binding capacity" or UBBC by Miller and 
Sullivan ( 8). 

Gregory and Holdsworth( 2 )  have recently 
reported that the UBBC of chicken serum is 
1100 mpg/ml as compared with that of hu- 
man serum ( 2  mpg/ml). Furthermore, it has 
been shown that the UBBC of serum from pa- 
tients with chronic myelogenous leukemia is 
also elevated( 8-1 0). These results suggest a 
relationship between high concentrations of 
nucleated blood cells and the UBBCaf serum! 
and it was of interest to determine the UBBC 
of serum from a wide variety of animal spe- 
cies in order to test this possibility. 

Sera from many 
animal species were maintained frozen until 
analyzed by an exhaustive dialysis procedure 
previoudy described by Rcsenthal et al. ( 10). 
In brief, 0.3 ml of sample was placed in visk- 
ing tubing containing 7 ml of Corn cyanoco- 
balmin ( CoSORl ?) or Cow dimethylbenzimi- 
dazolyl cobamide coenzyme (DMBC) in M/ 
10 phosphate buffer at pH 7.4. Samples with 
very high UBBC were diluted in saline. In  
all cases, a 2-3-fold excess af radioactive ma- 
terial was available for binding to serum pro- 

Materials and methods. 



teins. The buffer, prepared daily, contained 
0.4 pg Co‘’(’B12 or DMBC per liter of solution. 
After 30 minutes, to permit binding to occur, 
the bags were placed in tubes containing 50 
ml non-radioactive buffer and refrigerated in 
the dark at  4OC for 72 hrs. The external buf- 
fer was discarded and replaced with fresh 

Species 
CoeoB,, bound, 

mpg/ml $6 S.E.” 
~~~ ~~ 

Crustacea 
1,obster (Homarus americanus) 
(+jant crab (Puralithodes camts- 

chniica) 
Xiphosura 

liiiig   ah (Xip7rrosnra polyphe- 169 & 24.2 (4) 

* yo S.E. = (Stand. crror/inean value) X 100. 
So. of swinples axialyzcd in parcntliescs. 
t Rockfish represeiit avg values for 1 sample onch 

of A’. oirr*icwlcttrts a i d  S. caiirinws. Skates reprewit 
:tvg wluc‘s f o r  5 saniples of K. ocelZntu and 2 san1- 
IIICS of H. rliina. 

.38& 10.0 (4) 

.29f 17.2 (7j 

.nitis) 

buffer each 3-4 hours between 7:30 A. &I. and 
11 P. M. At termination of the experiment, 
the bags were blstted and 5 ml was removed 
for determination of radioactivity. Saline 
controls in place of serum indicated complete 
removal of added radioactivity. Radioac- 
tivity measurements were made in a well 
type scintillation detector. A total of 
10,OOC counts yielded a probable error of less 
than 5 % .  Assays with DMBC were per- 
formed under a red photographic stfe light 
due to the lability of the material. Studies 
with Co6OBI2 were performed under fluores- 
cent lighting. 

Results and discussion. The UBBC ranges 
from values of less than 1 mpg,/nil in serum 
from lobsters, giant crab and alligators to 
values of about 7000 mpg/ml in the serum of 
pink salmon (Table I). Almost all of the 
animal species with nucleated red cells such 
:is the birds, reptiles, amphilsia and fishes 
have BC values considerably higher than 
those of the mammals. Although this fact 
appears to be consistent for the majority of 
sera studied, exceptions occur for the dli- 
gator, pacific cod and herring in which the 
UBBC is within the range or lower than that 
found in the mammals. Nmetheless, it ap- 
pears valid to conclude that the UBBC of 
most animal sera is associated with the pres- 
ence of high concentrations of nucleated 
erythrocytes in peripheral blood. It is not 
now possible definitively to assume the exist- 
ence of a causal relationship between presence 
of nucleated cells in blood and the UBBC af 
serum. Clarification of this relationship must 
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TABLE 11. Comparison of Cyanocobalamin and 
5,6 - Dimethylbenzimidazolyl Cobamide Coenzyme 

Binding Capacities of Animal Sera. 

No. of de- Coenzyme/Cy- 
Species terminations anocobalamin 

~~~ 

Man 
Rabbit 
Chicken 
Frog 
Pink salmon 
Shark 
Lobster 
King crab 

6 1.20 & .19* 
6 .95 & .09 
G .90 2 .05 
ci .93 & .06 
ci .98 2 .10 
6 .96 k .05 
5 2.21 k .41 
4 1.07 -t- .01 

* Avg values k stand. dev. 

await isolation of the Vit. B I 3  serum binding 
protein and its source of production in the 
body. 

The UBBC values of Table I for the rat, 
cow, pig, rabbit and man are in excellent 
agreement with the values obtzined for these 
species by Gregory and Holdsworth( 2 )  using 
an ultrafiltration procedure. However, Greg- 
ory and Holdsworth obtained UBBC values 
for chicken sera of 11001 mpg/ml, a value con- 
siderably higher than 176 mpg/ml obtained in 
the present study. An explanation for this 
divergence af results is not now available but 
may be due to variations between different 
strains of birds. 

Of special interest is the UBBC oif hemo- 
lymph from animal species lacking erythro- 
cytes. The lobster and giant crab have very 
low UBBC values of about 0.3 mpg/ml as 
compared with 169 mpg/ml for horseshoe 
(king) crab hemolymph. Because these ani- 
mals are classified in separate clasxs, it is in- 
teresting to speculate that determinations of 
the UBBC may be useful for studies of ani- 
mal systematics. 

The UBBC of CoGOB1:! and DMBC of sera 
from representative animal species are essen- 
tially the same with the exception of lobster 
serum (Table 11). The discrepancy for lob- 
ster serum appears to be due to experimental 
error since the UBBC for CowB12 (0.1 5 mpg/ 
ml) and for DMBC (0.31 mpg/ml) ap- 
proaches the analytical limit of our assay pro- 
cedure where errors of 50% or m a e  may oc- 
cur. 

The similarity between the binding of these 
2 forms of vitamin suggest that the groups 
capable of combining with serum proteins are 

the same. Furthermore, substitution of the 
cabalt linked moiety apparently has little 
effect on the binding. Although these data 
suggest that the cobalt atom itself may not 
be involved in this binding, it does, not en- 
tirely rule out such a possibility. It is con- 
ceivable that serum may catalyze the re- 
moval of cobalt linked substituent groups, 
thus making the cobalt atom available for 
binding. It is well knmvn that the cyano 
group is readily replaceable by hydroxyl ions 
and that the labile coenzyme is readily con- 
verted to hydroxocobalamin( 11). These and 
other factors concerning the binding of Vit. 
B12 and its analogues to serum protein must 
await further clrtrifica tion. 

Summary. The vitamin B12 unsaturated 
binding caipauty (UBBC) of sera from vari- 
ous animals ranged from 0.29 mpg/ml for 
king crab serum to 6956 mpg/ml far chinook 
salmon serum. Although exceptions occur, the 
UBBC of sera from animals with nucleated 
erythrocytes is higher than that of mam- 
malian sera. The binding capacity for Coe0 
- dimethylbenzimidazolyl mbamide cyanide 
( cyanocobalamin) and C d 0  dimethylbenzi- 
midazolyl caba ide  coenzyme (DMBC) was 
the same, suggesting that cobalt ligands may 
not be involved in binding. 
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