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While many workers in recent years have 
demonstrated the presence of at  least three 
vitamin B12 binding proteins in normal se- 
rum, human saliva has been described to 
consist of only one binding protein, 
namely, transcobalamin I, or  the higher mo- 
lecular weight protein. TC-I1 and TC-I11 
have not been reported in saliva. 

In our attempts to standardize a tech- 
nique of isolating these vitamin B12 binders 
on a small DEAE-cellulose column (l) ,  we 
also used saliva from patients to determine 
the effect of different buffers on the pattern 
of elution of salivary binding proteins. 
Data, so accumulated, indicate that saliva 
not only contains both TC-I1 and TC-I11 in 
small amounts, but that the TC-I1 of saliva 
is also capable of mediating B12 uptake by 
human lymphocytes transformed with phy- 
tohemagglutinin (PHA) in vitro. 

Materials and methods. Saliva from nor- 
mal human volunteers, both male and fe- 
male, were obtained, centrifuged to remove 
any particulate matter and the clear saliva 
stored at  -20". Once thawed, samples were 
not re-used. Radioactive cyanocobalamin 
([57Co]Bl,, sp act 182 mCi/mg) was obtained 
from ArnershamEearle . 

DEAE-cellulose column chromatogra- 
phy. DEAE-cellulose was prepared accord- 
ing to Gizis and Meyer (7). To 0.5 ml of 
saliva, 250 pg of [57C~]B12 were added and 
the mixture was incubated at  37" for 20 min. 
After counting, the mixture was dialyzed 
against a liter of 0.0175 M sodium phos- 
phate buffer, pH 6.3, overnight, and sub- 
jected to chromatography on DEAE-cellu- 
lose columns as described by Kumar et al. 
(1). The isolated fractions were collected, 
dialyzed against large volumes of distilled 
water in the cold for 24 hr and concentrated 
on a minicon B 15 micro-concentrator 
(AMICON). 

Gel-filtration on Sephadex G-200 col- 
umn. Two milliliters of saliva were incu- 

bated with 10oO pg of [57C~]B12 at 37" for 20 
min and the mixture dialyzed against 4 li- 
ters of 0.005 M sodium phosphate buffer, 
pH 7.4, containing 1 M NaCl, overnight at 
4". Dialyzed saliva was placed on a Sepha- 
dex G-200 column (2.6 x 60 cm; void vol, 
118 ml; prepared according to the manufac- 
turer Pharmacia) , pre-equilibrated with the 
same buffer used for dialysis. Elution was 
also performed with the same phosphate 
buffer. Two-milliliter samples were col- 
lected at a flow rate of 10 ml per hr, and 
counted for 2 min each in an automatic 
well-type scintillation counter (Nuclear Chi- 
cago, Model 1185). 

Uptake of saliva B12-binding proteins by 
transformed human lymphocytes. Human 
lymphocytes were prepared and trans- 
formed with PHA, as described by Meyer et 
af. (9). The transformed lymphocytes were 
suspended in 0.02 M tris-saline, pH 7.4, to 
give a suspension of about 3 x lo6 cells/ml. 
Frozen transcobalamins were thawed and 
suspended in 0.02 M tris-saline buffer, pH 
7.4. Transcobalamins (each containing about 
5000 cpm) and suspensions (1 ml) of trans- 
formed lymphocytes were incubated at 37" 
for 2 hr, centrifuged, pellets washed with 
normal saline three times, and counted in an 
automatic scintillation counter. All uptake 
studies were done in duplicate. 

Results and discussion. Chromatography 
on DEAE-cellulose column. Results of chro- 
matography on DEAE-cellulose columns 
are presented in Table I. Three distinct 
peaks of radioactivity were obtained. TC-I1 
with 0.06 M, pH 5.85 buffer; TC-I11 with 
0.1 M, pH 5.8 buffer; and TC-I with 0.25 M, 
pH 5.4 buffer. Percentage distribution of 
[57C~]B12 binders in saliva of normal adults, 
both male and female, was TC-11, 10 & 3; 
TC-111, 15 & 3; and TC-I, 75 & 5. While the 
total binding of radioactive B12 by saliva of 
normal adults and that from females on oral 
contraceptives was equal, the distribution 
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of B,, binders in saliva of 15 females on oral 
contraceptives showed an entirely different 
pattern with a much higher level of TC-I1 
(63 2 7) and a lower TC-I (25 k 5). Level of 
TC-I11 was not markedly affected (12 & 4). 

Gel-filtration of saliva on Sephadex G- 
200 column. Only one peak of radioactivity 
was obtained when saliva from either male 
or female donors, including females on oral 
contraceptives, was chromatographed on a 
Sephadex G-200 column. More than 95% of 
the applied radioactivity was recovered in a 
peak corresponding in elution to TC “L” 
when normal human serum is chromato- 
graphed on Sephadex G-200 column (4). 

Uptake of salivary B,,-binders by trans- 
formed human lymphocytes. Results of a 
representative experiment on delivery of 
radioactive B,, by binding proteins of sa- 
liva, introduced to transformed human lym- 
phocytes, are presented in Table 11. While 
there was no appreciable uptake of 
[57C~]B,, and its complex with TC-111, 8% 
of total radioactivity of TC-I1 and 5% of 
TC-I was taken up by lymphoblasts. A 
large increase in the uptake of radioactivity 
of both TC-I1 and TC-I occurred when the 
incubation medium also contained 1 mM 

CaCl,, indicating thereby that Ca2+ en- 
hances the uptake of radioactivity by these 
transformed human lymphoblasts. 

Our results indicate that the observation 
of earlier workers, that human saliva has 
only a higher molecular weight binder, was 
incorrect, and that it does have the other 
binding proteins, namely, TC-I1 and TC- 
111, as well. Also, an increase in the level of 
TC-I1 in saliva of women on oral contracep- 
tives indicates that hormones play an impor- 
tant role in the metabolism of B,, in hu- 
mans. The actual role played by these hor- 
mones is not presently understood. 

The recovery of three radioactive peaks 
on DEAE-cellulose corresponding in elu- 
tion to TC-11, TC-111, and TC-I when nor- 
mal serum is chromatographed on DEAE- 
cellulose, compared to recovery of only 
one peak of radioactivity on gel-filtration 
on Sephadex G-200 indicates the possibility 
of isozymic forms of TC “L” in saliva, 
having different charges, but similar molec- 
ular weight. This is in agreement with our 
earlier studies, where we observed that the 
two peaks of radioactivity obtained by gel- 
filtration of B,,-labeled human serum on 
Sephadex G-200, namely TC “L” and TC 

TABLE I .  DISTRIBUTION OF [57C~]B12 BINDING PROTEINS IN HUMAN SALIVA. 

Distribution of radioactivity % of total 
bound 

Number of Total bin- 
specimens ding“ (%) TC-I1 TC-111 TC-I 

Normal saliva 25 85 & 4 10 k 3 15 * 3 75 2 5 
Saliva from women on oral I5 87 2 3 63 ? 7 25 & 5 12 & 4 

contraceptives 

a The assay system contained 500 pg of [57Co]Bl$mI of saliva. The figures represent the percentage of total 
[57C~]B12 bound/ml of saliva. 

TABLE 11. UPTAKE OF B12 BOUND TO TRANSCOBALAMINS BY TRANSFORMED HUMAN LYMPHOCYTES IN VITRO. 

Assay without added Ca2+ Assay with added Ca2+ 

Uptake Uptake 
Total ini- Total ini- 

in assay in pellet in assay in pellet 
tial counts Counts tial counts Counts 

(cpm) % total (cpm) (cpm) % total Sample (cpm) 
~~ 

Control [57Co] B12 only 4970 32 0.6 4929 35 0.6 
Saliva + B12 5215 287 5.5 5217 432 8.2 
Fractions: 

TC-I B12 5004 275 5.4 5100 425 8.3 

TC-111 B12 4976 35 0.7 5123 35 0.7 
TC-I1 BIZ 5046 417 8.3 4976 995 20.0 
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“S”, each resulted in three B,, binding pro- 
teins when subjected to further chromatog- 
raphy on DEAE-cellulose ( 1  1). 

In earlier studies, it has been shown that 
only TC-I1 Biz of serum is capable of me- 
diating uptake of Biz by L-1210 leukemic 
lymphoblasts, whereas saliva tagged with 
B,, is not; however, in the present studies 
using human lymphoblasts for uptake stud- 
ies, we have found that saliva is also capa- 
ble of mediating BIZ uptake. It is quite possi- 
ble that the two cell systems have com- 
pletely different properties, and, hence, we 
observe these differences. Further studies 
at elucidating the role of hormones on the 
metabolism of Biz in humans are in prog- 
ress. 
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