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The intravascular kinetics of vitamin B12 
have been the subject of many studies (1). 
The roles of transcobalamin (TC) I as a cir- 
culating storage compartment which binds 
vitamin B12 tightly and T C  I1 as a transient 
serum binder which facilitates transport of 
B12 into cells are generally accepted. The func- 
tion, if any, of serum third binder is not 
known, but it appears to take some part in 
B12 transport under physiological conditions 

This report presents serial observations on 
in vitro binding of trace amounts of vitamin 
B12 by the 3 serum binders and the effect of 
the presence of blood cells on this process. 

Methods and Materials. From each of 3 
healthy volunteers with normal blood counts, 
serum unsaturated vitamin B12-binding capac- 
ity (UBBC), and binder fractions, were col- 
lected clotted blood and blood anticoagulated 
with EDTA. Serum was extracted from the 
former, and cells from the latter were washed 
3 times with 0.9% NaC1-10 mM CaC12. 

In each case, 15  ml of serum were put into 
each of 4 siliconized flasks, and approximately 
12 ml of washed cells were divided equally 
between 2 of the flasks. To one of the flasks 
with cells and one without were also added 
1500 pg 57CoB12 in 0.15 ml, specific activity 
10 pCi/48 p g  ( Amersham-Searle, Arlington 
Heights, Ill.), This amount of 57C~B12 satu- 
rated less than 10% of the binding capacity 
of the serum. 

Incubation was done at  37", and aliquots 
were removed from each of the 4 flasks at 0.5, 
4, 24 and 52 hr intervals. In  the cell-contain- 
ing samples, after hematocrit and white blood 
cell count were determined each time, the cells 
and serum were separated by centrifugation. 

(2). 

The serum B12-binding proteins of the sam- 
ples incubated with trace amount of 67CoB12 
were fractionated in duplicate determinations 
on 0.5 ml aliquots by batch separation with 
DEAE cellulose (3 )  and by precipitation with 
2 M ammonium su1fate.l T C  I remains un- 
eluted from the DEAE-cellulose pellet by 0.06 
M phosphate buffer, pH 6.3, (TC I1 and third 
binder being eluted), while T C  I1 is precipi- 
tated in 0.4 M K2HP04 by 2A4 ammonium 
sulfate (leaving T C  I and third binder in the 
supernate).l Thus T C  I and T C  I1 can be 
quantitated separately, the remainder of the 
UBBC, after subtraction of the 2 values, be- 
ing third binder.l In  some instances fractiona- 
tion was further checked by Sephadex G-75 
gel chromatography using 0.1 M Tris-1 M 
NaCI, pH 8.6. The cells from the flask con- 
taining trace amounts of 57CoB12 were washed 
twice with 0.9% NaCl, and T o B I 2  ad- 
sorbed by cells was determined by counting 
the radioactivity of the lysate. 

Duplicate samples of serum from the flasks 
incubated without 57CoB12 were saturated 
with excess 67C~B12, specific activity 10 pCi/ 
667 pg. After the unbound 57CoB12 was re- 
moved with a pellet of coated charcoal, frac- 
tionation of the B12-binding proteins was car- 
ried out as above and results expressed as pg ' 

UBBC/0.5 ml serum aliquot. 
Results. Results in the 3 subjects were 

identical (a single exception is noted below), 
and therefore all the data are represented by 
the mean values. 

CeZZ counts and cell uptake (Table I). He- 
matocrit and white cell counts remained con- 

1 Carmel, R., Amer. J. Clin. Path., in press. 

43 8 

Copyright 0 1974 by the Society for  Experimental Biology and Medicine 
All rights reserved. 

Pyinted in U.X.A .  



BINDING O F  

TABLE I. Cell Counts and Cell Uptake of %0BI2 
at  Various Incubation Intervaha 

0.5 hr  4 h r  24 hr  52 h r  

Hematocrit (yo) 24 24 25 19 

CVBCIpI 4630 5170 4270 3830 

Cell uptake of 57C~B, 66 64 72 42 
(pg/ml cellsb) 

" T h e  values represent the mean of the results in 
the 3 normal subjects. 

I t  is unknown whether uptake is confined to any 
single cell type in our system. Therefore cell uptake 
refers to that by 1 ml of the total cell population in 
the flask. 

stant over 24 hr but fell by 52 hr incubation. 
A similar pattern was seen with cell uptake 
of 57CoB12. 

UBBC. On cell-free incubation, UBBC re- 
mained constant at  0.5, 4 and 24 hr, but fell 
by 52 hr (508, 519, 495, and 453 pg/0.5 ml 
respectively). As shown in Fig. 1 A, there was 
no significant change in any of the 3 compo- 
nent binders over 24 hr except for a minimal 
decrease in T C  11. This decrease in T C  I1 
over 24 hr was not seen consistently among 
the 3 subjects, however. The fall in UBBC at 
52 hr was entirely due to decreased T C  11. In 
contrast, serum UBBC continually rose (447, 
526, 650 and 862 pg/O.5 ml respectively) 
when incubated with cells. Figure 1 B demon- 
strates that the rise was due entirely to a 
striking increase of T C  I and third binder, 
while TC I1 remained constant throughout. 
Interestingly, the level of T C  I1 was lower 
than when serum was incubated without cells 
(until 52 hr when the two levels were identi- 
cal). Levels of T C  I and third binder were 
initially identical in both incubation situa- 
tions. 

Trace 57CoB18. Fairly constant amounts of 
a trace dose of 57CoB12 were recoverable from 
serum whether incubated with or without cells. 
Figure 1 C and D show the change with time 
of the binder distribution of these trace 
amounts of T o B 1 2 .  When cells were not 
present (Fig. 1 C) the distribution of 57CoB12 
remained constant except for a slight increase 
in that bound to TC I and a lesser decrease in 
that bound to T C  11. By 52 hr, however, bind- 
ing by T C  I1 fell noticeably. In  the presence 
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of cells (Fig. 1 D) 57CoB12 carried by TC I1 
fell more immediately and more strikingly. 
The 57CoB12 carried by T C  I increased 
slightly with a more striking increase in that 
carried by third binder. As was the case with 
the UBBC, the amount of the trace dose of 
57CoB12 bound initially (i.e., a t  0.5 hr) to 
TC I1 was greater in the cell-free incubation 
than when incubated with cells. 

Discussion. In vivo kinetic studies have 
shown that the bulk of a trace dose of vitamin 
B12 is bound by T C  11, the binder that trans- 
ports B12 to cells (4). The half-life of the T C  
II-B12 complex is 15-18 hr (5).  As time 
passes, relatively more of the Blz is carried 
by TC I which holds the vitamin tightly and 
has a half-life of many days (4, 5). Whether 
TC I1 transfers BI2 directly to T C  I or in- 
directly by first transferring BI2 to a cell is 
not clear and it has been suggested that such 
transfer may be inconsequential (6).  The role 

HOURS of INCUBATION 

FIG. 1. Binding by the 3 serum vitamin B12-bind- 
ing proteins incubated with and without blood cells. 
(A) UBBC changes with time; (B) As in A, but 
with incubation in the presence of blood cells; (C) 
Changes with time in distribution of a trace dose of 
57C~B12 among the 3 serum binders; (D) As in C, 
but with incubation in the presence of blood cells. 



of third binder has not been determined. TC 
I and third binder appear to be released by 
white blood cells (7 ,  8) while the source of 
T C  I1 is unknown. 

The in vitra studies presented here support 
the above facts and provide a few insights into 
the serum transport of vitamin B12. TC I is 
shown to be a fairly stable protein, being ap- 
parently unchanged even after 52 hr incuba- 
tion at  37", by when TC IT begins to disap- 
pear or a t  least to lose its B12-binding capacity 
(Fig. 1 A ) .  Levels of T C  I and third binder 
increase strikingly in the presence of cells, il- 
lustrating the role of the blood cells in their 
release. Third binder increase particularly ex- 
ceeds that of T C  I once cell lysis occurs, con- 
firming the origin of third binder in blood 
cells, probably predominantly granulocytes 
(9). We have earlier postulated that serum 
third binder and TC I are related though dif- 
ferent (10). The different patterns of increase 
of the two binders further suggest that they 
are not identical and are released differently 
by cells or are released by different cells. 

The bulk of a trace dose of 57CoB12 prefer- 
entially binds to TC I1 (80% vs. the 74% 
TC I1 fraction of serum UBBC). TC I1 loses 
its 57CoB12 quickly in the presence of cells 
but does not in the absence of cells, which ap- 
pears to reflect progressive attachment to cells 
and to binders released by cells rather than 
protein denaturation since TC I1 UBBC re- 
mains unchanged. Transfer to cells is sup- 
ported by the fact that TC I1 binding is lower 
initially in the presence of cells than in the 
absence of cells. That this finding is as true of 
TC I1 UBBC as it is of TC I1 carrying 
57C~B12 suggests that TC I1 attaches to blood 
cells whether it is carrying vitamin B12 or not. 

TC I binding of 57C~B12 appears to in- 
crease slightly with time. The role of third 
binder is difficult to evaluate from the present 
data since, as is usual in normal serum,l it 
was present in barely detectable amounts in 
the serum. When present, third binder appears 
to be more avid than TC I for 57CoB12 since 
its binding of trace 57C~B12 (Fig. 1 D), un- 
like TC I, parallels its increasing presence in 
serum (Fig. 1 B). While it is not possible to 
say whether transfer from T C  I1 to T C  I and 
third binder is direct or indirect, binding of 
57CoB12 by cells need not be an intermediate 
between release by T C  I1 and binding by T C  

I since TC I binding of "CoBI2 over 24 hr 
rose equally irrespective of absence or pres- 
ence of cells, and by 52 hr was actually greater 
in the absence of cells. Since T C  I1 UBBC 
remains fairly constant, transfer of 57C~B12 
was probably direct from TC 11 to T C  I and 
third binder rather than a result of 57CoB12 
release by denatured TC 11. Transfer to T C  I 
appesred in our study to be very gradual and 
small in amount. Particularly in the early 
phases, transfer to it and to third binder, when 
present, was quantitatively overshadowed by 
57CoB12 transfer to cells. Average uptake by 
the 6 ml of cells present was 350-400 pg of 
the original 1500 pg 57C~B12 in each flask. 

Summary. In vitra studies of the binding of 
vitamin BIZ in the presence and absence of 
cells were done. Sera from 3 healthy volun- 
teers were incubated with a trace amount of 
57CoB12 and aliquots were incubated with and 
without autologous peripheral blood cells. At 
the same time, the sera were incubated in this 
fashion but without added 57CoB12 to deter- 
mine the effect of the incubation conditions on 
the UBBC. 

The results showed the following: (1) 
UBBC and its 3 component binding proteins 
remained constant over 24 hr, indicating that 
related observations were probably not due to 
denaturation of proteins. Fall in UBBC after 
24 hr was due to decrease, possibly denatura- 
tion, of TC I1 while T C  I remained constant; 
this may reflect the short half-life of T C  I1 
and the long half-life of TC I in viva. ( 2 )  In 
the presence of cells, however, serum UBBC 
rose with time as a result of increasing T C  I 
and third binder. Both binders rose equally 
over 24 hr while the cells remained intact, 
third binder becoming particularly increased 
thereafter as cell destruction became notice- 
able. These findings demonstrate that, unlike 
TC 11, TC I and third binder are derived from 
blood cells. The differing patterns of their in- 
crease suggest that the latter 2 proteins are not 
identical. ( 3 )  Trace 57CoB13 binds preferen- 
tially to TC I1 and is initially transferred 
predominantly to cells. Later, transfer occurs 
to third binder, if present, and to a lesser ex- 
tent to T C  I. It appears, but is not certain, 
that transfer to T C  I and third binder is di- 
rect, since it takes place even in the absence 
of cells. (4) T C  I1 appears to attach t s  cells 
whether it is carrying 57CoB12 or ngt, 
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