
Comparison of Toadfishâ€”Serum Competitive Binding

and Microbiologic Assays of Vitamin B12

Julia W. Buchanan, Patricia A. McIntyre, Ursula Scheffel, and Henry N. Wagner, Jr.

Johns Hopkins Medical Institutions, Baltimore, Maryland

Toadfish serum (TFS) offers several advantages over other proteins as
the binder in a competitive-binding assay for vitamin B12. it is unaffected

by pH changes in the range 5.6â€”9.4 or by the addition of human serum
albumin. Prolonged incubation with charcoal does not disrupt the TFS
cyanocobalamin bond, and the addition of albumin as a protein source in
the standard tubes was proven unnecessary. The binding capacity of TFS
does not increase significantly with increasing concentrations of cyanoco
balamin as does the binding capacity of intrinsic factor, normal serum, or

transcobalamin i. A single extract was prepared from each of 44 sera and
measured for vitamin B@ content simultaneously by the TFS assay and the
conventional microbiologic method using Lactobacifius leichmannii. The
values obtained with TFS were in each instance higher than those obtained

by the microbiologic assay (p < 0.001).
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In recent years radioassays have largely replaced
microbiologic assays for the measurement of serum
vitamin B12. The advent of commercial kits based on
the principle of competitive protein binding has in
creased the distribution and popularity of this test
by shortening the assay time and supplying all re
agents in one package. The radioassays eliminate the
need to maintain a microorganism and to carry out

the procedure under rigidly sterile conditions. Assay
using radioactive tracers and sensitive gamma count

ers is more accurate than a biologic system where

growth is quantitated by turbidity (1 ,2 ) . The advan
tage of radioassays is that they are not influenced by
excessive turbidity in the serum or by the presence
of antibiotics, antimetabolites, or other drugs, which
often invalidate the microbiologic test (3,4).

We have previously reported the characteristics of
serum from the oyster toadfish, Opsanus tau, as a

binder for cyanocobalamin (CN-Cbl) (5,6) . Unlike
intrinsic factor or human serum, this binder closely

follows the principle of isotope dilution over a broad
range of vitamin B12 concentrations; it is stable when

stored frozen, and it has an extremely high binding
capacity for CN-Cbl. We have since examined van

ous parameters of the assay procedure and their ef

fects on the TFS binder. The same serum extract was

assayed by both the microbiologic and the TFS com
petitive-binding methods. Several minor modffica
tions of our previous method were made so that the
chemical conditions of the two procedures would be
similar.

MATERIALS AND METHODS

After informed consent, venous blood was cot
lected from normal volunteers and patients referred
for vitamin B12 absorption studies. The serum was
immediately separated and stored frozen in vitamin
B12-fnee glassware. Vitamin B12 was extracted from
the serum proteins by combining 2.5 ml of serum,
2.5 ml of acetate buffer (0.2 M, pH 4.6) containing

18 mg KCN/liter and 10 ml of water (7). A con
centrated solution of KCN was prepared monthly,
refrigerated in a dark bottle, and added to the ace
tate buffer on the test day. The tubes were placed
in a boiling water bath for 30 mm, cooled to room
temperature, and then centrifuged to separate the
precipitated proteins. Nine milliliters of superna
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tant was removed and the pH adjusted to 7.0 with
0.8 ml of 0. 1 N NaOH. Water was added to bring
the solution to a final volume of 15 ml (a 1:10
dilution of the original serum) . When less serum was
available, 1.5 ml was used and all reagents were ad
justed proportionally. If the competitive protein
binding radioassay and the conventional microbio
logic assay could not be run on the same day, the
extract was frozen.

A 20-@g/ml stock solution of crystalline CN@Cbl*
was prepared monthly and stored at 4Â°Cin the dark.
Standards containing 20â€”200 pg/mi were prepared
the day of the assay.

Toadfish binding assay procedure. Serum from
four toadfisht was pooled and diluted 1:2,500 with
0. 1% human serum albumin. Aliquots sufficient for
one assay were stored frozen. When a new lot of
toadfish serum was prepared, it was necessary to
determine the dilution that bound approximately
50% of a trace amount of 57Co-CN-Cbl. One milli

liter of either the serum extract or the standard solu
tions was put in duplicate or quadruplicate tubes and
combined with 1 ml (approximately 50 pg) of 5TCo
CN-Cbl@ ( 130â€”213 Ci/gm). Two milliliters of phos
phate buffer (0.26 M, pH 7.0) and then the diluted
TFS was added. The tubes were mixed mechanically
for 60 mm at room temperature. Counting tubes con
taming only the 57Co-CN-Cbl were also prepared
and the volume adjusted to 4.7 ml.

Crystallized bovine albumin@@was tested and found
to be essentially free of contamination with vitamin
B12 (2.7 pg/mg of albumin). Albumin-coated char
coal was prepared by combining 5 gm of neutral
Norit A charcoal with 1 gm of bovine albumin in

200 ml of water (8) ; it was stored no longer than I
month in the refrigerator and stirred with a magnetic
stirrer during use. The human serum albumin was a
30% solution.@

To separate the bound and free cyanocobalamin,
0.5 ml of bovine-albumin-coated charcoal was added.

The tubes were placed on the mixer for 5 mm, then
centrifuged for I 0 mm at I ,700 g. The supernatants

were decanted into tubes for counting in an auto
matic scintillation counter. The ratio of total counts
to bound counts (supernatant) was calculated for
both standards and samples, plotted on a linear scale,
and a straight line drawn through the points. Serum
values were read from the line. Extrapolation of this
line to the horizontal axis provided an internal check
of the amount (pg) of 57Co-CN-Cbl added.

Microbiologic turbidimefric method. The proce
dure of Matthews (7) was followed, using Lactoba
cillus leichmannii. Â§The media were Bacto Micro

Assay Culture Agar, Micro Inoculum Broth, and B12
Assay Medium, USP.44

.â€”â€”â€”pH5.6

â€” PH 7.0

pH9.4
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FIG. 1. Standardcurvesobtainedin 0.2 M acetatebuffer(pH
5.6), in 0.2 M phosphate buffer (pH 7.0), and in 0.2 M carbonate
bicarbonate buffer, (pH 9.4). Approximately 50 pg/mI of â€˜TCo-CN
CbI was combined with increasing concentrations of crystalline
CNâ€”Cbl,2 ml buffer, and 0.2 ml of 1:2,500 dilution of toadftsh
serum. Incubation was for 1 hr at room temperature, and bound
and free were separated by charcoal coated with bovine albumin.

RESULTS

Standardization of conditions of TFS assay. Stand
and curves were all very similar, whether obtained at
pH 5.6 in 0.2 M acetate buffer, at pH 7.0 in 0.26 M
phosphate buffer, or at pH 9.4 in 0.2 Al carbonate
bicarbonate buffer (Fig. I ). An extract of pooled
normal serum gave values of 780 pg/ml at pH 5.6,
835 pg/mt at pH 7.0, and 800 pg/ml at pH 9.4. On
the basis of these results, a pH of 7.0 and an ionic
strength of 0.26 M were selected because the assay
media used in the microbiologic assay had similar
values.

The supematant of control tubes containing all
reagents except the toadfish serum always contained
less than 3 % of the total radioactivity after separa
tion with bovine-albumin-coated charcoal. A â€œblankâ€•
using a I :25 dilution of TFS, instead of the usual
1:2,500 dilution, bound only 92â€”98% of the added
57Co-CN-Cbl, rather than 100%.

When intrinsic factor is the binding protein (as in
most of the commercially available kits for vitamin
B12 assay), careful attention must be given to the
time the charcoal remains in contact with the sam
pIe to avoid removing excessive amounts of the
bound complex (9) . Table 1 shows that this is not
the case with TFS. Within time periods varying from
5 mm to 2 hr of mixing with bovine-albumin-coated

charcoal, the percent bound remained constant in all
standards, blanks, and a sample of serum extract.

Intrinsic factor binds more CN-Cbl in the pres
ence of protein ( 10â€”13). The mean of 17 standard
curves performed with TFS without the addition of
protein is shown in Fig. 2. When no additional CN
Cbl was added, a mean of 46.4% of the approxi
mately 50 pg of 57Co-CN-CbI was bound. It is ap
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TABLE 1. PERCENTOF 5@Co-CN-CbIBOUND AFTER MIXING WITH BOVINE-ALBUMIN-COATED CHARCOAL*

50 pg â€œCo-CN.Cbl plus S mm io mm 15 mm 30 mm 60 mm 120 mm

No added CN-Cbl 42.5 37.6 43.0 33.6 35.7 40.6

40 pg CN.Cbl 26.0 26.8 26.5 26.5 26.3 26.5

120 pg CN.Cbl 15.3 15.4 15.0 14.9 15.4 15.1

1 ml serum extract containing
855 pg vitamin@ 18.4 18.7 18.3 18.1 18.7 17.9

..o.. blank No IFS 1.35 1.09 1.00 1.53 2.59 1.24
â€˜100%â€•blank 1:25 dilution of TFS 92.2 93.8 95.0 94.3 91.2 92.5

S Means of duplicate samples. The binder was 0.2 ml of a 1:2,500 dilution of TFS.

CN.Cbl added toIncreasein@â€˜Co-CN.Cbl
(pg)binding capacity (%)
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parent from Fig. 2 that the binding by the diluted
toadfish serum was unaffected by the addition of
human serum albumin (dotted line).

The Rothenbeng's method (14) was used to deter
mine whether the binding capacity of TFS increased
with increasing concentration of CN-Cbl. No signifi
cant increase was found (Table 2).

Reproducibility of TFS assay. There was little day
to-day variability in standard curves obtained with
the TFS procedure. The mean of 17 standard curves
Â± one standard deviation is shown in Fig. 2. A se
rum sample assayed on seven separate occasions gave
a mean value of 855 Â± 28 pg/ml. Reproducibility
within one run was also good. The coefficient of van
ation of quadruplicate measurements of the same
serum extract was 4.53 % (n = 63).

Comparison of TFS assay with microbiologic assay.
Forty-four sera were assayed by both the TFS and
the microbiologic assay (Fig. 3 ) . The same serum
extract was used in both procedures. The TFS assay
values (mean, 839 pg/ml) were significantly and
consistently higher than the values obtained with the
microbiologic assay (mean, 59 pg/ml) . The p value,
calculated by the paired difference method (15),
was below 0.001.

DISCUSSION

We have previously shown that TFS follows the
principle of isotope dilution in the range of vitamin
B12 concentrations found in human serum (5). In
the present study the binding capacity of the diluted
TFS was shown not to increase as increasing amounts
of CN-Cbl were added. In contrast, the binding ca
pacities of intrinsic factor, human serum with in
creased transcobalamin I, and normal human sera
do increase with the addition of more CN-Cbl
(14,16).

The apparent deviation from expected binding of
the trace amount of 5TCo-CN-Cbl, which should have
been complete with the 1 :25 dilution of TFS, could
have been due to either â€œtrappingâ€•of some of the

protein-bound 5TCo-CN-Cbl in the charcoal or to
nonspecific adsorption onto the glass tubes. Some
competitive protein-binding assays for vitamin B12
are corrected for the free CN-Cbl not removed by
the charcoal, but few take into account the bound
complex left behind in the tube. We found that the
opposing differences of these two observations essen
tially cancelled each other out, making such conrec
tions unnecessary.

Numerous modifications of competitive binding
assays for vitamin B12 have appeared in the litera
tune (2,14,17â€”26). Some binding assays give serum
values that are higher than those of microbiologic
assays (2,13,17,27â€”30). We felt it important to
make a direct comparison between the serum vita
mm B12 levels determined with the TFS assay and
those of conventional microbiologic assay. Raven
(30) recently reported that the higher values ob
tamed with his binding assay using intrinsic factor
could be explained by the different extraction proce
dunes used in the intrinsic-factor binding and micro
biologic assays. Accordingly, we elected to use a
single extract of each serum for our comparison of

TABLE 2. ABSOLUTEAMOUNT (PG) OF
VITAMIN B12 BOUND BY 0.2 ML OF A

1:2,500 DILUTION OF TFS AFTER THE
ADDITION OF VARIED AMOUNTS OF

NONRADIOACTIVE VITAMIN B12*

20
40
80

120
200

1.01
0.99
0.98
0.98
1.02

a The amount of â€œCo-CN-Cbl bound by this amount of TFS

was46% of the 65 pg. The valuesare expressedas per.
cent increase in binding at each concentration of added
nonradioactive vitamin B@,.
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tion is that the L. leichmannii cannot utilize as a
growth factor some form of the cobalamin molecule
that the toadfish serum is able to bind.

Concunrent with the development of this binding
assay, we have developed a simplified microbiologic
assay based on nadiometnic techniques (32 ) . The re
suits of a more detailed evaluation of this radio
metric method for assay of vitamin B12 are presented
in the following article.
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* USP Reference Standards, Rockville, Md.

t Toadfish serum supplied by Ray P. Morgan, Chesapeake
Biological Laboratory, Solomons, Md.

@ Amersham/Searle, Arlington Heights, Ill.
IIArmour PharmaceuticalCo., Chicago,Ill. (Lot #

M72603).
Â¶ICN Pharmaceuticals,Life SciencesGroup, Cleveland,

Ohio (Lot # 0680).
Â§ATCC783O,obtained from the AmericanType Culture

Collection (Rockville, Md.).
** Difco Laboratories, Detroit, Michigan.

REFERENCES

1. SHAW W, BAILEY G : Evaluation of two vitamin B12
assay kits and L. leichmannii bioassay. Clin Biochem 7:
320â€”325,1974

2. WIDE L, KILLANDERA: A radiosorbent technique for
the assay of serum vitamin B12.Scand I Clin Lab Invest 27:
151â€”159,1971

3. HERBERT V, GOi-FLIEB CW, ALTSCHULE MD : Appar
ent low serum vitamin B12levels associated with chlorproma
zinc.An artefact.Lancet2: 1052â€”1053,1965

4. POWELLDEB, THOMASJH, MANDALAR, et al.: Effect
of drugs on vitamin B12levels obtained using the Lacto
bacillus leichmannii method. I Clin Pathol 27 : 672â€”676,

1969
5. KIM HR, BUCHANAN JW, D'ANToNIo R, et al. : Toad

fish serum as a binder for in vitro assay of vitamin B12.
I NuclMed 17:737â€”739,1976

6. The Nomenclature of Corrinoids ( 1973 Recommenda
tions of IUPAC-IUB Commission on Biochemical Nomen
clature). In Babior BM, ed., Cobalamin Biochemistry and
Pathophysiology. New York, Wiley, 1975, p 453

7. MA-I-I-HEWSDM: Observations on the estimation of
serum vitamin B12using Lactobacillus leichmannii. Clin Sci
22:101â€”111,1962

8. LAU KS, GOTFLIEB C, WASSERMAN LR, Ct al. : Meas
urement of serum vitamin B12level using radioisotope dilu
tion and coated charcoal. Blood 26: 202â€”214,1965

9. BROMBACHERPJ, GIJZEN AH, SOONSMP : A sys
tematic investigation on the assay of vitamin B12 in serum
by radio-isotope dilution. Clin Chim Acta 36: 493â€”498,1972

10. RAVEN JL, ROBSONMB, WALKER PL, et al. : The
Z400 effect of cyanide, serum and other factors on the assay of

vitamin B12by a radio-isotope method using â€˜7Co-B12,intrin
sic factor and coated charcoal. Guy's Hosp Rep I 17: 89â€”
109, 1968

11. HILLMAN RS, OAKEs M, FINHOLT C: Hemoglobin
coated charcoal radioassay for serum vitamin B12.A simple

- 6mgHSA

â€” WithoutHSA

pg crystallIne CN-Cbl added to CN(57Co)Cbl

FIG. 2. Solid line depictsmeanof 17 standardcurvesper
formed without addition of proteins (vertical bars indicate Â±1
s.d.).Dashedline is meanof duplicatestandardcurvesdonewith
addition of 6 mg of human serum albumin at each concentration
of CNâ€”Cbl.

the TFS and micnobiologic methods. Despite this
modification, the values were significantly higher
with the TFS-binding assay than with the conven
tional micnobiologic method.

Green (1 7,28) speculates that the higher values in
his chicken-serum binding assay may be due to a
third serum vitamin B12 binder which is more resist
ant to extraction. It remains to be proven whether
this third binden exists or whether the difference is
an artifact of the separation system (31 ) . In any case
this would not explain the higher results in our com
panison of the TFS and microbiologic systems using
a single extraction procedure. A more likely explana

ii... @1

200 e6o 12'OO idoo â€˜@
Serum Vitamin @12(Pg/mu)

Assayed by Microbiological Procedure

F1G. 3. Sameserumextractsassayedby IFS procedureand
microbiologic assay using Lactobacillus Ieichmannii. Line of iden
tity is indicated; (p < 0.001, n 44, based on paired differences).

1200

â€” C

@ 0

@cl,
CLS.

S_ .0
>@

0

0@

1800

600

200

Volume 18, Number 4 397

Total cpm
BÃ³undCpm 6



BUCHANAN, MCINTYRE, SCHEFFEL, AND WAGNER

modification to improve intrinsic factor reliability. Blood
34: 385â€”390,1969

12. MORTENSEN E : Negative interference by residual pro
teins in supernatant fluid used in radioisotopic assay of
serum vitamin B12.Clin Chem 18: 895â€”900,1972

13. VAN DEWIEL DFM, KOSTER-OTrEU, GOEDEMANS
WT, et al. : Competitive protein binding analysis of vitamin
B12using vitamin B12free serum as a standard diluent. Clin
ChimActaS6: 131â€”142,1974

14. ROTHENBERG5: A radioassayfor serum B12using
unsaturated transcobalamin I as the B12 binding protein.
Blood3I:44â€”54,1968

15. CR0xT0N FE : Elementary Statistics with Applica
lions in Medicine and Biological Sciences. New York, Dover,
1953,pp 240â€”241

16. FRENKELEP, MCCALL MS. WHITE JD : Recognition
and resolution of errors in the radioisotopic assay of serum
vitamin B12.Am J Clin Pathol 53: 891â€”903,1970

17. GREEN R, NEWMARK PA, MUSSO AM, et al. : The use
of chicken serum for measurement of serum vitamin B12con
centration by radioisotope dilution : description of method
and comparison with microbiological assay results. Br I
Haematol 27: 507â€”526,1974

18. FRENKELEP, KELLERS, MCCALLMS: Radioisotopic
assay of serum vitamin B12with the use of DEAE cellulose.
I Lab ClitiMed 68:510â€”522,1966

19. BOGUSLASKIRC, RATHJENCP: A column radioassay
for the quantification of vitamin B12.Clin Chim Acta 62:
349â€”356,1975

20. ROTHENBERGSP: Assay of serum vitamin B12con
centration using Coâ€•B12 and intrinsic factor. Proc Soc Exp

Biol 108: 45â€”48,1961
21. BARAKAT RM, EKINS RP: An isotopic method for the

determination of vitamin B12levels in blood. Blood 21:
70â€”79,1963

22. MArt-HEWS DM, GUNASEGARAM R, LINNELL JC: Re

suits with radioisotopic assay of serum B@ using serum
binding agent. I Clin Pathol 20: 683â€”686,1967

23. Bitrrr RP, BOLTON FG, CULL AC, et al.: Experience
with a simplified method of radio-isotopicassayof serum
vitamin@ Br I Haematol 16: 457â€”464,1969

24. TIBBLINGG : A method for determination of vitamin
B12in serum by radioassay. Clin Chim Ada 23: 209â€”218,
1969

25. NEWMARK PA, GREEN R, Musso AM, et al. : A corn
parison of the properties of chicken serum with other vita
mm B12binding proteins used in radioisotope dilution meth
ods for measuring serum vitamin@ concentrations. Br I
Haematol25:359â€”373,1973

26. KILLANDERA: Assay of serum B12by competitive
isotope binding. Scand I Clin Lab invest 29: Suppi 126,
6.3aâ€”c,1972

27. RAVEN JL, ROBSONMB, MORGANJO, et al. : Com
parison of three methods for measuring vitamin B12 in
serum. Radioisotopic, Euglena gracilis and Lactobacillus
Ieichmannii. Br I Haematol 22: 21â€”31,1972

28. GREEN R, COLMAN N, METZ J : Comparison of re
sults of microbiologic and radioisotopic assays for serum
vitamin B12 during pregnancy. Am I Obstet Gynecol 122:
21â€”24,1975

29. PUUTULA L, STENMAN UH : Comparison of serum
vitamin B12determination by two isotope dilution methods
and by Euglena assay, with special reference to low values.
ClinChim Acta55:263â€”266,1974

30. RAVENJL, ROBSONMB: Extraction of serum vitamin
B12for radio-isotopic and Lactobacillus leichmannii assay.
I Clin Pathol 28: 531â€”539,1975

31. GRASBECKR: Absorption and transport of vitamin
B12.Br I Haematol 31: Suppi, 103â€”110,1975

32. CHEN MF, Mc!l'm@itE PA, WAGNERHN: A micro
biologic radiometnic method for vitamin B12 assay. I Nucl
Med 17: 538â€”539,1976

October 21â€”23, 1977 Las Vegas, Nevada

The Scientific Exhibits Committee welcomes the submission of abstracts for the display of Scientific

Exhibits for the 2nd Annual Western Regional Meeting of the Society of Nuclear Medicine. Exhibits may

be submitted for the following categories: clinical; instructional; instrumentation; and radiopharmaceuticals.

Two categories of exhibits will be considered: 1) Regular and small view box; 2) Jiffy exhibits containing ma

terials presented in scientific papers.

Abstracts must be submitted on a special abstract form for Scientific Exhibits which is available from

Jean Lynch, Administrative Coordinator, P.O. Box 40279, San Francisco, CA 94140.

Deadline for abstract submission: August 1, 1977.

All participants are required to register and pay the appropriate fee.

398 JOURNAL OF NUCLEAR MEDICINE

2nd ANNUAL WESTERNREGIONALMEETING

THE SOCIETYOF NUCLEARMEDICINE

Aladdin Hotel

CALL FOR ABSTRACTS FOR SCIENTIFIC EXHIBITS

GUIDELINES FOR SUBMITTING ABSTRACTS




