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the supplemented controls. This difference obtains
whether the L.C.F. supplement is administered from
hatching or only as a curative measure during the last
ten days preceding autopsy.

In the curative experiments there was considerable
variability in the degree of therapeutic effect as evi-
denced by inecrease in body weight. The stilbestrol re-
sponse varied accordingly, thus reducing the mean
oviduet weight for the group as a whole. Neverthe-
less, the restorative effect of the administered L.C.F.
on the oviduct response is apparent. '

The pantothenic acid deficient chicks showed a
growth failure quite comparable to that observed in
the L.C.F. deficient animals. Despite this marked
effect, they exhibited a good response to stilbestrol,
indicating that debility and limitation of growth are
not sufficient, per se, to effect the reduction in oviduet
response observed in the L.C.F.-deficient chicks.

The normal response to stilbestrol stimulation is
characterized by a substantial increase in the thickness
of the muscular and mucosal layers of the oviduet.
Gross examination of the oviduet of the stilbestrol
treated L.C.F.-deficient chick reveals that the small
weight increase over the normal may be attributed to

accumulation of fluid in the lumen and that the walls.

of the oviduet remain thin and translucent.
The data indieate that an adequate intake of L. casei
factor is essential for the normal metabolism of stilbe-
“strol in the chick. This finding -is an interesting ex-
ample of the interdependence of a dietary trace sub-
stance and a hormone-like factor and further empha-
sizes the importance of adequate nutrition for normal
endocrine funetion. '
Roy Her1z
W. H. SEBRELL

U. 8. PusLic HEALTH SERVICE,
NATIONAL INSTITUTE OF HEALTH

INHIBITION OF METAL CATALYSIS AS A

FUNGISTATIC MECHANISM

MecuanismMs of action for chemicals that inhibit
growth of or are lethal to microorganisms are little
understood. Knowledge of positional effects of va-
rious atomic groupings is extensive, and general
mechanisms are frequently ecited, including protein
precipitation, enzyme inactivation, inhibition of res-
piration. However, specific cases are rare for which
the modus operandi of inhibitory or lethal action is
known. Possible exceptions are the sulfonamide an-
- tagonism,* 2 the blocking of enzyme surfaces by ad-
sorption of heavy metals to the active areas,® and the
inhibition of the -SH group by HgCl,.*

1D, D. Woods, Brit. Jour. Exp. Path.; 21: T4, 1940."
2 H.MecIlwain, Brit. Jour. Exp. Path., 22: 148, 1941.

3R. 8. Gortner, ‘‘Outlines of Biochemistry,’”’ Wiley
and Sons, 1938. :
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The fact that mieroorganisms require traces of sev-
eral metal elements indicates that these elements are
involved in catalytic processes in the cells; i.e., that
the metals function as part of one or more enzyme
systems.® Hence a chemical capable of precipitating
the metals in such enzyme systems should prevent
growth of microorganisms by inhibiting metal cataly-
sis, particularly if metals are precipitated in the form
of chelate inner complex salts which are non-electro-
Iytes. 8-hydroxyquinoline forms such chelate salts
with many metals,® and is also an efficient fungistatic
and bacteriostatic compound.” ® It is suggested that
the latter property is the result of the former. This
theory for the mechanism of fungistatic action of
8-hydroxyquinoline was tested biologically in the fol-
lowing ways:

(1) At lower pH values (in general, below pH 3.5)
complex formation does not take place between
8-hydroxyquinoline and certain metals,> 1° including
several considered essential for growth of fungi: cop-
per, manganese, iron and zine. Hence the chemical
should not be fungistatic at lower pH values as essen-
tial metal ions should be available. Flasks of Toch-
inai nutrient solution (1.5 g. KH,PO,, 0.5 g. MgSO,,
10 g. Bacto Peptone, 20 g. C.P. Maltose, 1,000 ml
distilled water), in pH series, were inoculated with
three test fungi (Fusarium oxysporum f. lycopersici,
Ceratostomella ulmi and Penicillium sp.). Normal
growth was found to occur at low pH values in the
presence of as much as 100 mg of 8-hydroxyquinoline
per liter (Table 1), a dose far in excess of that caus-
ing complete inhibition at higher pH levels.

TABLE 1

ErrFecT OF PH ON FUNGISTATIC ACTION OF 8-HYDROXY-
QUINOLINE

Average weight (mg) of Penicillium
mat at pH:
22 '25 82 38 45 5.7

Nutrient plus 100 mg of
8-hydroxyquinoline per
liter

Nutrient alone ........

378 260 111 0 0 0
390 401 347 352 311 184

The effect of increasing acidity is mot merely to
neutralize the weak basic properties of 8-hydroxy-
quinoline. Neither is the compound destroyed at low
pH values.

4 P. Fildes, Brit. Jour. Exp. Path., 21: 67, 1940.

5 D. E. Green, Advances in Enzymology, 1: 177, 1941.

6J. H. Yoe and L. A. Sarver, ‘Organic Analytical Re-
agents,”’ Wiley and Sons, 1941.

7 N. E. Rigler and G. A. Greathouse, Ind. Eng. Chem.
(Ind. Ed.), 83: 693, 1941. :

8 G. A. Zentmyer and J. G. Horsfall, Phytopath., 33: 16,
1943, . . .

9 H, V. Moyer and W. J. Remington, Ind: Eng. Chem.
(4nal. Ed.), 10: 212, 1938, - .

10 H. R. Fleck and A. M. Ward, 4nalyst, 58: 388, 1933.
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(2) Zine was found to be the most important essen-
tial trace element for the vaseular pathogens (F.
oxysporum lycopersici, C. ulmi) used in these tests.
Hence, if 8-hydroxyquinoline prevents growth by re-
moving zine from solution, growth should be resumed
when the system is saturated by supplying additional
zine. This was found to be the case. Addition of 25
mg of zine per liter permitted nearly normal growth
of the fungus in the presence of 40 mg of the fungi-
cide per liter. (Table 2.)

TABLE 2
SATURATION OF 8-HYDROXYQUINOLINE SYSTEM WITH ZINC

[ )
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1 0.2758 .00789 .028 0
5 0.2758 10848 1308 74
25 0.2758 13925 1.48 160
1 0 00789 [o'e) 206.5

*Subsequent chemical analysis showed the presence of
metal contaminants in the “purified’’ nutrient solution, so
that these ratios are below actual values.

(3) Increasing amounts of the fungicide should be
required to inhibit growth of Fusarium in the pres-
ence of increasing amounts of zine. In the presence
of 0.5 mg of zine per liter of nutrient solution, 30 mg
of 8-hydroxyquinoline per liter inhibited growth of
the fungus. With 5 mg of zine per liter, 60 mg of the
fungicide prevented growth; 30 mg did not.

The above evidence strongly supports the view that
8-hydroxyquinoline owes its fungistatic action to the
phenomenon of forming inner complex salts with metal
ions and thus rendering them unavailable to miero-
organisms. A chemical with this type of mechanism
of action would obviously be fungistatic rather than
fungicidal. The importance of traces of zine in the
metabolism of the vascular fungi indicates that a zine-
protein enzyme may be involved; zine may be the
prosthetic group. TFurther support for the theory
that this fungicide affects metal-enzyme systems is
seen in the fact that it inactivates copper-enzyme sys-
tems in Chlorella and in extraects of higher plants.t? 12

The possibility is evident that other known fungi-
cides may be effective because of a similar precipita-
tion of metals essential to fungi. Conversely, ana-
lytical reagents other than 8-hydroxyquinoline should
be found to be good fungicides. As an example of
the latter, ammonium nitrosophenyl hydroxylamine
(“Cupferron”), a well-known organic reagent, also

11 L. F. Green, et al., Jour. Biol. Chem., 128: 447, 1939.
12 E, Stotz, et al., Jour. Biol. Chem., 119: 511, 1937.
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forming chelate inner complex salts with metals, has
been tested in this laboratory recently and found to
have considerable fungistatie value.

GEORGE A. ZENTMYER
CONNECTICUT AGRICULTURAL EXPERIMENT STATION,
NEw HavVeN, CONN.

THE ULTRAVIOLET ABSORPTION OF VITA-
MIN B. AND XANTHOPTERIN

IN the course of the isolation of erystalline vitamin
B,! from liver,.we observed that concentrates contain-
ing 5 to 10 per cent. of the compound exhibited spe-
cific absorption in the ultraviolet region. This prop-
erty, which proved to be characteristic of the vitamin,
was used along with biological criteria in the isola-
tion work. It was apparent from the study of even
grossly impure preparations that the intensity and
position of the absorption bands were dependent on
the hydrogen-ion concentration.

The absorption curves of pure vitamin B, at four
selected pH levels are shown in Fig. 1. Analytical
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ash-free specimens isolated from liver and from yeast
exhibit identical absorption characteristies.

Stokstad? reported the preparation of a Lacto-
bacillus casei & growth factor in purified form from
liver and expressed the view that his substance was
identical with the previously isolated erystalline vita-
min B,. The shape of the ultraviolet absorption curves
which he reecorded for his preparation at several pH
levels support his view that he was dealing with vita-
min B, but a comparison of the extinction coefficients
with those of the pure vitamin indicate that his prepa-
ration was approximately 70 per cent. pure. Mitchell®
has recently recorded ultraviolet absorption data on
“folic acid” concentrates from spinach. We have tried
to compare his data with those in Fig. 1. However,

1J. J. Pfiffner, 8. B. Binkley, E. 8. Bloom, R. A. Brown,
0. D. Bird, A. D. Emmett, A. G. Hogan and B. L. O’Dell,
SCIENCE, 97: 404, 1943.

2 B. L. R. Stokstad, Jour. Biol. Chem., 149: 573, 1943.

8 H. K. Mitehell, Jour. 4Am. Chem. Soc., 66: 274, 1944.
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