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Dr. N. P. Burman, who continued the discussion, 
showed tables which gave the optimum growth tem
perature characteristics of coli-e.erogenes from various 
sources and also the coli-a.erogenes and streptococcal 
flora of shallow wells and ma.ins. IMVIC types other 
than E.coli could be found in a variety of places, for 
example Wilson's irregular type 6. 

Coliforms were stimulated by copper treatment, 
and Ol. welchii could be found in chlorinated water 

supplies. Streptococci found in river waters were 
mostly animal types, although many strains on mem
brane filters at 37° C. were untypable ; these were 
eliminated if incubation at 37° C. was exchanged for 
45° C. after 4 hr. 

In more genera.I discussion, Dr. Blanche Koelensmid 
and others expressed satisfaction at the authorit11.tive 
indication that frecal bacteria in foods cannot be 
regarded with the same significance as in water. 

VITAMIN 812 AND INTRINSIC FACTOR 

ABOUT 150 leading workers from forty-five 
laboratories in fifteen different countries attended 

the second European Symposium on "Vita.min Bu 
and Intrinsic Factor", organized by Prof. J. Kiihnau 
and Drs. W. Friedrich and H. C. Heinrich, and held 
in the Institute of Physiological Chemistry in the 
University of Hamburg during August 2-5. Prof. 
Kiihnau, in his opening address, emphasized the 
importance of the newly revealed structure of vitamin 
B 11 coenzyme, endowing it with remarkable activity. 
In the first symposium at the same place five years 
ago a notable feature was the disclosure of the struc
ture of vitamin B 12, the culmination of several years 
work by Dr. Dorothy Hodgkin et al. at Oxford. This 
was then the most complex molecule of which the 
structure had so far been elucidated. In this second 
symposium, the climax of years of patient work by 
Drs. Hodgkin and P. G. Lenhert came just in time 
for the disclosure of the structure of a still more 
complex molecule, that of a vitamin B 11 coenzyroe, 
the form in which the vitamin appears mainly to 
exist in the animal and human body. 

Crysta.ls of the 5 : 6-dimethylbenziminazole cob
amide coenzyroe were grown and photographed with 
copper X-radiation while in contact with their mother 
liquor. A complete X-ray analysis of the structure 
revealed some interesting differences from the 
structure of cyanocobalaroin, which at present is 
the official form of the vitamin. The new unsaturated 
pentose previously reported to be liberated from 
the coenzyroe by mild acid hydrolysis has now been 
found to be an artefact produced during the hydrolysis 
from ribose through which adenine is linked to the 
cobalt in the molecule. There may be a free valency 
in the coenzyroe molecule that could play a vital part 
in metabolic reactions yet to be elucidated. 

These differences in chemical composition and 
molecular structure between vitamin Bu and its 
coenzyme are reflected in differences in their absorp
tion spectra. H. A. Barker et al., at the University of 
California, where pioneer work on the coenzyroe was 
done, found that in place of the characteristic sharp 
band of cyanocobalamin at 361 mµ the coenzyroe 
shows a broader band at about 380 mµ and a very 
slight band at 340-345 mµ. The fairly broad cyano
cobalaroin band with maxima at about 520 and 550 
mµ is replaced by a very broad Bu coenzyroe band 
with maximum at about 520 mµ and a slight shoulder 
at about 495 mµ. The cyanocobalamin band at about 
278 mµ is replaced by an inflexion at 288 mµ in 
alkaline solution shifting to 284 mµ in acid solution 
and considered specific for the coenzyroe. Character
istic differences in absorption spectra of purine
and benzimidazole-containing coenzyroe analogues 
appear to depend on differences in the strength of 
the bond between the base and cobalt. There is 

evidently scope for further spectroscopic studies, 
including a search for isosbestic points that are so 
prominent in mixtures of cyano- and hydroxo
cobalamin, now considered to be artefacts obtained 
from B 12 coenzyroe in the liver and other body stores. 
E. E. Gabbe and H. C. Heinrich (Institute of Physio
logical Chemistry, University of Hamburg) emphas
ized the importance of the freedom of B 12 coenzyme 
from cyanide, which they investigated in experiments 
using radioactive preparations. 

Ba coenzyroes catalyse various reactions that can 
be used for their enzymic assays. These include 
conversion of glutamate to (3-methylaspartate by the 
bacterial glutamate isomerase system, the methyl
ma.lonyl isomerase reaction and the conversion of 
certain glycols to deoxyaldehydes. Experimentt1 with 
deuterium oxide exclude reaction mechanisms involv
ing the intermediate formation of a free proton. 
These reactions have been studied in bacterial 
extracts but the methyl-malonyl isomerase reaction 
occurs in higher organisms. 

These findings apply to different B 12 coenzyroes, 
of which several have been isolated by H. A. Barker 
e,t al. They appear to be the most abundant cor
rinoid compounds in various bacteria (for example, 
Propionibacterium) and in mammalian, including 
human, livers. However, D. Perlman and his col
leagues a.t the Squibb Institute for Medical Research, 
New Jersey, obtained only 5,6-dimethylbenzimid
a.zolyl cobamide coenzyroe from 30 cultures of 
Streptomyces. 

Bu coenzymes a.re highly sensitive to light and 
cyanide. Photolysis yields hydroxocobe.lamin, which 
the minute traces of cyanide always present in blood 
can partly convert to cyanocobe.la.min. Polaro
gre.phic studies of these reactions have been carried 
out by K. Bernha.uer et al. at Stuttgart. While body 
tissues usually contain a mixture of hydroxo- and 
cyanocobalamins, the latter, being at present the 
officially accepted form of vitamin B 12, has been chosen 
as the standard of comparison with B 12 coenzyroe by 
a number of investigators. M. E . Coates e,t al. (National 
Institute for Research in Dairying, Shinfield) detected 
no difference between the absorption of Bu coenzyroe 
and that of cyanocobalamin (both labelled with 
cobalt-58) through rat intestine in presence of rat 
stomach extract. Chick assays showed the coenzyroe 
to have only 78 per cent of the activity of cyano
cobalamin when administered intramuscularly, but the 
coenzyroe appeared more effective than cyano
cobe.lamin in restoring hatchability in depleted chick 
embryos. On the whole the coenzyroe does not 
seem to have any therapeut,ic advantage over 
cyanocobalamin. 

A. W . Johnson (University of Nottingham), 
described synthetic approaches to the corrin ring 
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system by Sir Alexander Todd et al. (Ca.mbridge). 
U:s~ng radioactive delta-amino-lrevulinic acid, porpho
b1hnogen has been shown to be a common biogenetic 
precursor of vitamin B 12 and of the natural porphy
rins. Biosynthesis by different pathways has been 
studi?d by K. Bernhauer et al. (Stuttgart) and by 
A. D1 Marco et al. (Laboratori Richerche Fa.rmitalia, 
Milan). 

A valuable indication of an important biological 
function of vitamin B 12 was obtained by L. A. 
Manson (Wistar Institute, Philadelphia), who observed 
deoxyribose synthesis by vitamin B 12 h a murine 
leukremia cell of thymic origin which by leading to 
nucleoprotein synthesis may explain one of the roles 
of the vitamin in cellular metabolism. B. Connor 
Johnson et al. (University of Illinois), using the 
DR-aldolase system, found no relationship between 
B 12 deficiency and deoxyribose biosynthesis by C2 + 
C8 condensation, and when investigating the role 
of B 12 in thymidine synthesis showed that carbon-14 
in glutamate was incorporated into the DNA-thymine 
of regenerating liver. H. R. V. Arnstein and A. M. 
White found cyanocobalamin to increase biosynthesis 
of phenylalanine, tyrosine and valine and concluded 
that neither general inability to oxidize and reduce 
one-carbon units nor to synthesize thymine can 
represent the main metabolic lesions in vitamin B10 
deficiency. 

In the search for specific effects of vitamin B 12 

deficiency much attention has been directed to the 
production of antimetabolites to the vitamin which 
could be used to produce and investigate controlled 
deficiencies. E. Lester Smith (Glaxo Laboratories, 
Ltd., Greenford) found the amides of the monocarb
oxylic acid, preferentially produced on mild hydrolysis 
of B 12, to prevent conversion of the vitamin to its 
functional form, but while they competed effectively 
with B 12 for uptake by intrinsic factor and inhibited 
enzyme systems in vitro they produced no changes in 
the blood or bone marrow. W. Friedrich, H. C. 
Heinrich and P. Riedel (Hamburg) succeeded in 
producing still more effective antimetabolites from 
factor V1., isolated from sewage sludge. The resulting 
alkanolamine B 12 analogues showed very high 
inhibitory activity on the growth of E. coli and 
Ochromonas rruilhamensis. H. Heinrich related B 12 
specificity to the structure and position of the 
alkanolamine, nucleotide, and side chains in the 
corrin ring. Some attention is now being directed to 
human dietary deficiency of vitamin B 11 which may 
occur in vegans (strict vegetarians consuming no 
animal food) and was first described by F. Wokes, 
J. Badenoch and H. M. Sinclair to the International 
Congress of Nutrition in Amsterdam in 1954. F. 
Wokes (Vegetarian Nutritional Research Centre, 
Watford, Herts) and A. D. M. Smith (Middlesex 
Hospital Institute of Clinical Research, London) 
gave at the Hamburg B 11 Symposium further details 
of a B 12 deficiency characterized by low serum Bu
levels and neurological manifestations with lesions in 
the peripheral and central nervous systems, well 
marked in some vegans, and of slight occurrence in 
vegetarians with low intakes of animal protein and 
vitamin B 12 from eggs, milk and cheese, as well as 
in about l per cent of the general population. In 
India, where the Vegetarian N utritiona.l Research 
Centre has been asked to help, strict vegetarians 
consuming scarcely any animal food encounter much 
more marked B 12 deficiency than is found in vegetar
ians consuming dairy produce, while meat-eaters 
encounter no vitamin Bu deficiency. To avoid 

widespread protein malnutrition in India an extra 
2 million tons of protein will be needed annually, 
which should be fortified with B 11 to improve its 
biological value. 

Vitamin B12 seema to be missing from all staple 
vegetable proteins. Slight traces in certain leaf 
proteins (for example, alfalfa, turnip tops) are not 
significant sources in human diets. However, A. Pfau 
and G. Kallistratos (.Max-Planck Institute for 
Animal Breeding and Nutrition, Mariensoo, near 
Hanover) found that broad bean ( Vicia jaba) plants 
can take up vitamin B,. from nutrient solutions, 
about 27 per cent being absorbed in 24 hr. from 
solutions containing physiological concentrations of 
B,. labelled with cobalt-60. The absorbed B 11 was 
found mainly in the roots (87 per cent of total 
absorbed) and much less in the leaves (3 per cent). 
In the ensuing discussion F. W okes reported that in 
an investigation at Watford, using plants of Russian 
comfrey (Symphytum peregrinum), 200 µgm. per gm. 
total solids were found in roots and 7 6 µgm./ gm. in total 
solids in leaves after 24 hr. immersion of the un
damaged roots in 50 ml. of aqueous solution contain
ing 40 mgm. B 11• These findings may find application 
in manuring, especially with sewage sludges rich in B 12• 

The Symposium agreed that the term hydroxo
cobalamin should be used to describe products in 
which the cyanide group of cyanocobalamin is 
replaced either by -OH (in alkaline solution) or by 
[H10], hitherto termed aquocobalamin (in acid 
solution), Hydroxocobalamin obtained by photo
lytic decomposition of vitamin B 12 coenzyme is 
present in body tissues in amounts at least equal to 
those of cyanocobalamin. R. F. Schilling et al. 
(University of Wisconsin) found hydroxocobalamin 
to be absorbed as efficiently as cyanocobalamin 
and better retained. After intramuscular injection 
hydroxocobalamin gives much higher serum B,,· 
levels than are given by cyanocobalamin. (G. B. J. 
Glass and colleagues, New York Medical College.) 

Hydroxocobalamin is at present excluded by 
stringent spectroscopic tests from the cyanocoba.lamin 
which is recognized officially as vitamin Bu in leading 
pharmacopceias. Because of the increasing impor
tance attached to hydroxocobalamin its acceptance 
as an alternative and perhaps also improved form of 
vita.min B 12 seems likely to take effect during the 
near future, partly for the more efficient treatment 
of pernicious a.uremia, but especially to cope with 
demyelinating diseases or tobacco amblyopia in 
which cyanide may be an important factor. 

Vitamin Bu deficiency occurring through lack of 
intrinsic factor has led to intense efforts to purify 
and isolate intrinsic factor. L. Ellenbogen (Lederle 
Laboratories, American Cyanamid Co., Pearl River, 
New York) reported on the purest preparation so far 
obtained, active in doses of 50 µgm. or less, with very 
high binding capacity for B 12 and B 11 coenzyme, very 
low carbohydrate content, no peptic activity and 
only trace amounts of blood group substances. W.W. 
Bromer and E. O. Davisson (Lilly Research Labora
tories, Indianapolis) obtained intrinsic factor prepara
tions, effective in treatment of pernicious anremia in 
daily doses of less than 100 µgm., by XE-64, followed 
by calcium phosphate gel, chromatography, combina
tion with B 12, ultra-centrifugation and electrophoresis. 
R. Grii.sbeck and colleagues from the Minerva. Insti
tute for Medical Research, Helsinki, used DEAE 
cellulose column chromatography with gradient 
elution and found one major B 12-binding peak that, 
under present conditions, is sole carrier of intrinsic 
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factor activity. A 'releasing factor' similar to that 
in the fish ta.pewonn which liberates B 12 bound to 
human gastric juice has been found in human small 
intestine, kidney, liver, thyroid, heart muscle, bra.in, 
spleen and lung, and has been partially purified with 
the a.id of DEAE cellulose chromatography. 

Radioactive vitamin B 12 used in many investiga
tions on its absorption, storage and utilization is 
available with different labellings. R. Grasbeck 
(Helsinki) described how earlier use of cobalt-60 
involved large doses of radioactivity. These are 
considerably reduced when it is replaced by cobalt-58 
but solutions of this are unstable. The recently 
introduced cobalt-57 has several advantages in 
clinical diagnosis, when either urinary or frecal 
excretion, hepatic uptake, plasma radioactivity or 
total body retention may be measured. Different 
forms of radioactive B 12 have also been used to study 
complex problems concerned with the action of 
vita.min B 12 as well as difficult questions regarding 
the possible role of vita.min Bu and its absorption 
with or without the aid of intrinsic factor. 

The last five papers dealt with relationships 
between vitamin B 12 and folic acid. J. R. Guest 
and D. D. Woods (Microbiology Unit, Department 
of Biochemistry, University of Oxford) described 
metabolic interrelationships in the synthesis of 
methionine by E. coli and postulated two pathways 
for the methylation of homocysteine, the first 
relatively independent of cobalamin metabolism and 
with a strict requirement for a conjugated folic acid 
co-factor, the second dependent on cobalamin but 
functioning with pteroylmonoglutamates as well as 
conjugate fonns. L . Jaenicke (Biochemical Institute, 
Munich) described how the structure of different 

forms of folic acid affects their efficiency in the first 
pathway. D. L. Mollin and A. H. Waters (Post
graduate Medical School, London) found uncompli
cated folio acid deficiency completely cured by very 
s~all doses offolic acid (50-150 µgm. daily) in persons 
with megaloblastic aruemia due to idiopathic steator
rhooa who absorb Bu normally, obtain adequate 
amounts of B 12 in their diets and excrete very large 
amounts of formimino-glutamic acid in their urine. 
In patients with idiopathic steatorrhooa and tropical 
malnutrition syndrome there is defective absorption of 
both folio acid and vita.min B 12• The very low serum 
Bu-levels may be raised (but not to the normal 
range) by small doses of folio acid which completely 
remove other effects of deficiency. E. V. Cox et al. 
(General Hospital, Birmingham) found serum iron 
high in untreated megaloblastic anremia and reduced 
to normal after satisfactory therapy with B 12 or 
folio acid. Blood 'folio acid' was temporarily in
creased, especially in patients with adequate iron 
utilization and status. In some patients with 
subnormal serum B 10-levels, folio acid administration 
raises these levels; in others it either has no effect 
or still further reduces them. 

Round-table discussions, to which all members 
listened, were held on the nomenclature of B 12 vitamins, 
intrinsic factor assays and standardization of diag
nostic radioactive Bu absorption tests, vitamin B 12 
pool, turnover-time and requirements, stability of 
radioactive Bu and B 12 therapy, under the guidance 
of Dr. H. A. Barker, Prof. K. Bernhauer, Dr. Dorothy 
Hodgkin, Prof. A. W. Johnson, Dr. S. K. Kon, Dr. 
Rosenblum, Dr. R. P. Schilling, Dr. Lester Smith 
and Prof. L. S. Witts. Full details will be published in 
the Symposium Proceedings. 

MEDIATION OF DIVALENT METAL IONS IN THE BINDING OF 
TETRACYCLINE TO MACROMOLECULES 

By DR. KURT W. KOHN 
Clinical Pharmacology and Experimental Therapeutics Service, General Medicine Branch, National Cancer Institute, 

Bethesda, Maryland 

SEVERAL biological and biochemical effects of 
the tetracycline antibiotics depend on the presence 

of divalent metal ions. These effects include the 
inhibition of certain enzymes•, the precipitation of 
(3-lipoproteins•, and the localization of tetracyclines 
in tumour tissues• ,•. These phenomena probably 
involve the formation of tetracycline-metal chelates•. 
Calcium chelation may account for the binding of 
tetracyclines in newly formed bone• and for the 
interference with calcification caused by these anti
biotics7. 

The metal ions may act in these systems by 
simultaneously binding tetracycline and suitable 
macromolecular sites. In order to test the possibility 
that such metal-bridge complexes may generally 
form with macromolecules having binding sites for 
divalent cations, we studied the interaction of 
tetracycline with deoxyribonucleic acid (DNA) and 
with serum albumin in the presence and absence of 
divalent cations. 

Equilibrium Dialysis. Macromolecule solutions 
(1·0-1 ·5 ml.) in bags of ¼-in. transparent cellulose tub
ing were dialysed (40 hr. at 4°) against 15 ml. of buffers 
containing tetracycline and various concentrations of 
divalent metal ions. The transparent cellulose bags 

were weighed before and after dialysis and appro
priate corrections were made for any changes in 
macromolecule concentration. Donnan effects were 
estimated to be negligible. Tetracycline concentra
tions inside and outside the dialysis bags were 
determined by fluorometry of extracted calcium
barbital complexes8 • 

The preparations of DNA used were relatively 
undenatured, as indicated by the absence of any 
lowering of optical density (260 mµ) in response to 
0·01 magnesium chloride•. Crystalline human serum 
albumin was dissolved in 0· 15 M sodium chloride 
containing 0·01 M ethylenediaminetetraacetic acid 
and dialysed extensively at 4° against 0·12 M sodium 
chloride plus 0·03 M sodium bicarbonate~arbon 
dioxide buffer at pH 7·4. The concentration of the 
dialysed albumin solution was determined gravi
metrically on heated trichloracetic acid precipitates10• 

(Salmon sperm DNA and crystalline human serum 
albumin were purchased from the Mann Research 
Laboratories, New York. Calf thymus DNA was 
obtained from the Worthington Biochemical Corp., 
Freehold, New Jersey.) 

Little or no tetracycline became bound to either 
DNA or albumin in the absence of divalent metal 
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