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D-lactic dehydrogenase (D-LDH) of anaerobically grown yeast is a
metalloenzyme (1), The inactive apoenzyme can be prepared by removing
zinc with a chelator or by acid treatment (1, ?) ; it can be recombined
in vitro with several divalent wetals, e.g., Zn, Co, Mn, Cd, or Ni,
with differing affinities (3). Combination with Zn, Co, or Mn, yields
active enzyme. The enzyme formed by zinc addition is indistinguishable
from the holoenzyme isolated from the cells ; the Co++ and ' enzymes
show new characteristies (4, 5). The cobalt enzyme exhibits both a 70 %
lower vmax than obtained with zinc, and a lower Km for D-lactate (4).
The variation in Km with pH for the cobalt and zinc enzymes are different,
thus suggesting to us that cobalt may be linked by one less ionizable
ligand than is zinc (6). The ease with which Zn++ can be removed from
the enzyme and replaced by cobalt has prompted us to investigate the
following questions,

1) To what extent does the concentration of zinc in the growth
medium affect the synthesis of holoenzyme and apoenzyme D-LDH ?

2) 1Is it possible to synthesize in vivo a D-LDH linked to a metal

other than zinc ? If so, are the properties of the enzyme formed in the
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presence of cobalt, for example, identical to the properties of the D-LDPH
formed during cultivation in the presence of zinc ? 1If the properties
are different, the question can be asked whether they correspond to the
holoenzyme obtained in vitro by recombination with Co++ of the apoenzyme
synthesized by cells growing in the presence of Zn++.

In order to answer these questions, yeast was grown in a synthetic
medium (7) in which the concentration of zinc and other metals could be
controlled. The medium was prepared with salts previously crystallized
three times in the presence of EDTA, using water twice distilled in
quartz, The metals were spectroscopically pure (Johnson Matthey) and
precautions were taken to prevent metal contamination during harvest of
the cells and extraction of the enzyme. The D-LDH was extracted according
to Somlo (8) ; i.e., the yeast cells were washed at 0° with bidistilled
water and broken in a Nossal (9) shaker 2 x 30" in 40 mM phosphate buffer,
pH 7.3 containing 1.2 mM lactate and the debris removed by centrifugation
for 10 minutes at 1200 x g. Enzyme activity was measured spectrophotome-
trically in a Beckman DU at 27° in mM phosphate buffer, pH 7.3, containing
sodium D-lactate 15 mM in a volume of 3 ml and activity expressed as the
change in extinction of ferricyanide (67 mM) at 420 wp and specific
activity related to protein content as measured by biuret.

The anaerobic growth of the yeast is influenced very little by the
omission of zinc from the medium, by its replacement with equimolar cobalt,
or by presence of both metals, as measured by biuret protein. The total
growth was respectively 89 %, 103 %, and 120 % of the growth with 5.10-6
ZHH.

Effect of zinc deficiency. We have measured the activities of D-LDH

extracted from zinc-deprived and sufficient cells. The only difference in
the growth media was the addition of 5.10 % M zinc sulfate to the
"sufficient medium'., Previously, Bertrand et al., (10) have shown a

requirement for zinc in glucose-6-phosphate dehydrogenase and 6-phospho-
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gluconic dehydrogenase from Aspergillus niger.

Euglena cells grown in zinc
feebly (11).

In each of three exper

deprived cells yield less D-LDH specific activity, than cells grown with

excess zinec. The Km for D-

Thus, as reported previousl

of yeast D~LDH ; the enzyme formed in zinc-deprived medium very probably
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~deficient media oxidize D-lactate only

iments (Table 1) we have cbserved that zinc-

lactate is the same for both enzymes, Figure 1,
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Fig, 1.

on D-LDH in yeast.

2
l/SMM.

Influence of the nature of the metal present during cultivation

Vm,Km relative to D-lactate

1
(2)

: medium without

added Zn' T

. medium with added (5.10°¢ M) Zn'

(3) : medium with added (5.10 ¢ M) Co' '

Measurements in phosphate buffer 66 mM pH 7.7 for the same quantities

of each enzyme extract at the same step of purification.
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The biosynthesis of apoenzyme seems not to be influenced by zinc
deficiency, since addition of 10-4 M Zn++ to extracts from the deficient
cells restores the total D~LDH activity to the level found in extracts
from cells grown with excess zinc. The same addition to extracts from
the sufficient cells is without effect,

Effect of cobalt., In two experiments cells grown in the presence

of 5 x 10-6 M Co++, in a zinc-deficient medium, gave extracts with
higher specific activities of D-LDH than those grown with excess zinc ;
in a third experiment, the values were about equal (Table 2)., Further-
more, the enzyme formed in the presence of cobalt had a different Km
for D-lactate than the enzyme formed in the presence of zinc, Figure 1.
As stated previously (4, 5), the enzyme formed in vitro by adding Co++

to apoenzyme prepared from zinc grown cells has a lower Vmax’ ca.

30 % of that obtained when recombined with zinc. If the Co++-apoenzyme
complex formed during growth in the presence of Co++ were of the type
and level formed in vitro, the opposite result would be found. That is,
cells grown in the presence of cobalt should have a low specific

activity for D-LDH. The disparity between the in vivo and in yitro

results could be explained by :
1) A stimulation by Co++ of the rate of synthesis of the apo~D-LDH.
2) A different structure or conformation of the apo-D-LDH
synthesized in the presence of Co++ than that formed in the
presence of Zn
3) The Co++ complex of apo-D-LDH synthesized in vivo is different
from the one formed in wvitro.
In order to test the first possibility, we have incubated 10"4 M
Zn++ with the D-LDH extracted from Co++ grown cells, Table 2. The total
D-LDH activity was decreased by this treatment ; also the variation
with pH of the K toward D-lactate for the Co++-enzyme formed in vivo

and that prepared in vitro by addition of cobalt to the apoenzyme
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prepared from cells grown in the presence of zinc are different. Thus
one is led to conclude that the growth of yeast in the presence of
cobalt leads to the formation of D-LDH altered from the one formed
during growth in the presence of excess zinc.

6

Effect of manganese and nickel. The presence of 5 x 107° M Mn++

did not notably influence either the growth or the specific activity
of the D-LDH formed in the presence or absence of Zn++ ; similar
growth with Ni at 5 x 10-6 M decreases slightly the specific activity

of the D-LDH in the extracts, Thus neither Mn++ nor Ni++ appears to

be linked in vivo to apo-D-LDH.
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