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The isotope studies of Strassman et al. (3, 4) first implicated 
cu-acetolactate and cu-aceto-cY-hydroxybutyrate as biosynthetic 
precursors of valine and isoleucine, respectively. The observed 
accumulation of acetolactate by Escherichia coli (5, 6) and of the 
decarboxylation products of acetolactate and acetohydroxybuty- 
rate by Neurospora crassa (7) when mutants of these organisms 
are grown with limiting amounts of valine and isoleucine is con- 
sistent with this role. More recently, the direct conversion of 
acetolactate to ol-ketoisovaleric acid in crude extracts of yeast 
(8, 9) and to valine in cell-free extracts of N. crassa (1) has been 
demonstrated. 

The formation of acetolactate from pyruvate in biological sys- 
tems was first postulated by Krampitz (10) and has subsequently 
been demonstrated in crude cell-free extracts of Aerobacter aero- 
genes (11, 12), in E. coli (5, 6, 9, 13), and (contrary to earlier 
reports) in yeast (9). In contrast, the formation of cY-aceto-cu- 
hydroxybutyrate by cell-free enzymes has not been demon- 
strated. We report here formation of the latter product by cell- 
free preparations from N. crussu, together with a comparison of 
the properties of the partially purified, acetolactate-forming 
enzymes from E. coli and N. crassu. A preliminary account of 
some of this work has appeared elsewhere (2). 

EXPERIMENTAL PROCEDURE 

Methods-Acetoin was purified from the commercial product 
by the method of Berl and Bueding (14) for use as a standard, 
and determined essentially as described by Westerfeld (15). 
Pyruvate was determined by the method of Friedemann and 
Haugen (16). Quantitative recoveries were obtained in the pres- 
ence of both acetoin and acetaldehyde. Carbon dioxide was 
measured manometrically in a Warburg apparatus. Acetalde- 
hyde was determined by the method of Barker and Summerson 

(17). 
a-Acetolactic acid was synthesized according to Krampita (10). 

cr-Aceto-a-hydroxybutyrate was prepared by this same general 
procedure, but ethyl iodide was used to prepare the intermediate 
ethyl a-acetobutyrate (b.p. 50-60” at 5 mm). From 190 g of 
the latter product, 40 g of pure ethyl a-acetoxy-a-acetobutyrate 
(yield, 15%; b.p. 87-88” at 5 mm) were obtained. It was redis- 
tilled once for analysis. 

* Supported in part by a grant (E-1575) from the United States 
Public-Health Se&ice. Fo; Paper I of this series, see (1). 

t Present address, Department of Biochemistry, Indian Insti- 
tute of Science, Bangalore, India. Reprint requests should be 
addressed to Dr. E. E. Snell. 

‘&&eOs (216.2) 
Calculated: C 55.54, H 7.46 
Found : C 55.65, H 7.47 

Sodium cr-aceto-cY-hydroxybutyrate was obtained by hydrolysis 
of the acetoxy ester with two equivalents of NaOH and lyophili- 
zation. The resulting mixture of this compound and sodium 
acetate was used without further purification. cr-Acetolactate 
and ar-aceto-a-hydroxybutyrate were assayed in the Warburg 
apparatus by determining the amount of CO2 liberated on treat- 
ment with acid. a-Acetolactate was also determined by estima- 
tion of the acetoin formed after decarboxylation in acid. 

Assay of Acetoin- and Acetolactute-jorming Enzymes-Except 
where otherwise stated, the standard assay mixture consisted of 
enzyme, sodium pyruvate (0.5 mmole), Mn++ (0.5 pmole), thia- 
mine pyrophosphate (20 pg), and potassium phosphate buffer 
(100 pmoles) of appropriate pH in a total volume of 1.0 ml. The 
mixtures were incubated for 1 hour at 37”. With preparations 
from N. crassa, the reaction was stopped by the addition of 0.1 
ml of 2.5 N NaOH and acetoin was determined in an aliquot. 
Acetolactate loses CO2 spontaneously in acid; for its determina- 
tion a separate aliquot was acidified with sulfuric acid, heated at 
60’ for 15 minutes, cooled, and the total acetoin determined after 
neutralization of the acid. The amount of acetolactate was 
calculated by difference. With preparations from E. coli the 
reaction was stopped by the addition of 0.1 ml of 50% trichloro- 
acetic acid, the mixture was heated as before, and acetoin was 
determined in an aliquot. In agreement with other reports (6, 
11) we find no detectable acetolactate decarboxylase in E. coli 
under our assay conditions; hence, the total acetoin found after 
acidification and heating corresponded to the amount of aceto- 
lactate formed. The enzyme activity is usually expressed as 
pmoles of acetoin or acetolactate formed per mg of protein per 
hour. Protein was determined by the method of Lowry et al. 
(lla). 

Preparation of Cell-free Extracts-N. crassa 161171 was grown 
on the medium of Vogel (18) supplemented with DL-valine (4 
mmoles per liter) and DL-isoleucine (1.5 mmoles per liter). The 
cultures were shaken for 60 hours at 37”, then the mycelia were 
harvested by filtration through cheese cloth, washed with dis- 
tilled water, and dried between folds of filter paper. The pads 
were ground under liquid nitrogen in a mortar and then homog- 
enized in a TenBroeck apparatus with about twice the amount of 
distilled water or of 0.1 M phosphate buffer, pH 7.0. The result- 

1 An isoleucineless-valineless mutant of N. crassa. 
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ing thick slurry was centrifuged for 30 minutes at 18,000 x g 
and the supernatant solution was separated carefully by means 
of a syringe from the uppermost fatty layer. These aqueous or 
buffer extracts were the source of the various enzyme prepara- 
tions from N. c~assa studied in this and a subsequent paper (19). 

E. coli K-12 was grown either on the casein digest medium (20) 
or on the minimal salts-glucose medium of Davis and Mingioli 
(20) and harvested after shaking for 15 hours at 37”. The cells 
were washed once, then suspended in 0.1 M phosphate buffer 
pH 7.5 (4 g of wet packed cells per 20 ml of buffer), and treated 
for 20 minutes in a lo-kc Raytheon magnetostriction apparatus. 
The suspension was centrifuged for 30 minutes at 18,000 x g. 
The soluble extract was fractionated as described later. 

Fractionation of Acetolactate-forming Enzyme from N. crassa- 
To 100 ml of the crude water extract (2000 mg of protein) of 
ground mycelium from a 60-hour culture of N. crassa 16117 were 
added 8.0 ml of 0.05 M AlC13. The pH fell to about 5.5. After 
5 minutes, the heavy precipitate containing the enzyme was 
collected by centrifugation and suspended in 35 ml of 0.1 M Tris 
buffer pH 8.5, and solid ammonium sulfate was added to 50% 
saturation.2 After 30 minutes, the mixture was centrifuged. 
The enzymatically active precipitate was suspended in 25 ml of 
0.1 M phosphate buffer pH 7.5, again centrifuged to remove the 
insoluble residue, and the supernatant solution then was frac- 
tionated further with ammonium sulfate. The precipitate 
obtained between 20 and 30% saturation contained the aceto- 
lactate-forming enzyme together with some acetolactate decar- 
boxylase. The fraction was reprecipitated two to three times 
with ammonium sulfate at 30% saturation, dissolving the pre- 
cipitate each time in 20 ml of 0.1 M phosphate buffer pH 7.0. 
The initial crude extract formed 0.045 pmole of acetolactate and 
0.6 pmole of acetoin per mg of protein per hour. The final prep- 
aration formed 0.77 pmole of acetolactate per mg of protein per 
hour and essentially no acetoin. The procedure thus effects 
little purification of the acetolactate-forming system,3 but re- 
moves completely the acetolactate decarboxylase. When crude 
buffer extracts, rather than water extracts, of the mycelium were 
subjected to this same procedure, a 16- to 20-fold purification 
was achieved but the preparation was not free of the decarboxyl- 
ase. 

The decarboxylase-free enzyme of N. crassa showed a single 
broad pH optimum for acetolactate formation between 6.0 and 
7.0 (Fig. 1). Crude extracts of the mycelium showed a similar 
pH optimum for formation of acetolactate plus acetoin, and this 
did not vary significantly with variation in the amount of valine 
added to the growth medium from which the mycelium was 
harvested (Fig. 1). 

Fractionation of Acetolactate-forming Enzymes from E. coli- 
Like A. aerogenes (6, 12), but unlike N. crassa, E. coli shows two 
pH optima for the formation of acetolactate. Crude buffer ex- 
tracts from cells grown on the minimal medium show high activ- 
ity both at pH 8.0 and at pH 6.0. The activity at pH 8.0 was 
destroyed by adjusting the extract to pH 5.1 and keeping it at 
O-5’ for 3 to 5 minutes before the assay; the activity at pH 6.0 
was unaffected by this treatment (Fig. 2). Attempts to purify 

2 The per cent saturations of (NHb)&Od are calculated from a 
standard table (21) and are not corrected for temperature. The 
fractionations were carried out at O-5”. 

8 It is assumed that all of the acetoin formed arises by decar- 
boxylation of acetolactate, since there is evidence for an alternate 
route for acetoin formation in this organism. 

0’ I I 1 I I I 
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PH 

FIG. 1. Acetolactate- and acetoin-forming activity of crude 
(Curves 1 to 4) and purified (P) extracts of N. crassa as a function 
of pH. Curve P, acetolactate formation (right ordinate) by 2.4 
mg of the decarboxylase-free enzyme from N. crassa 16117 in 1.5 
ml of assay mixture. Curves 1 to 4, specific activities (left or- 
dinate) for acetoin plus acetolactate formation, under standard 
conditions, by mycelial extracts from cultures grown as follows: 
Curves 1, wild type (Em 5256) on minimal salts-glucose medium; 
.8’, as in Curve 1 with added nL-valine (470 mg per liter) and DL- 
isoleucine (200 mg per liter) ; S, isoleucineless-valineless mutant 
16117 on minimal medium plus DL-valine (15 mg per liter) and 
m-isoleucine (5 mg per liter); 4, as in Curve S but with increased 
levels (30 and 10 mg per liter, respectively) of nL-valine and DL- 
isoleucine. 

= ifi! o.of &cf i 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 
PH 

FIG. 2. The effect of pH on acetolactate formation by extracts 
of E. co%. Curves 1, crude extract; 2, crude extract held at pH 5.1 
and O-5” for 5 minutes; 8, fraction of crude extract insoluble be- 
tween 10 and 50y0 saturation with ammonium sulfate; 4, same as 
Curve 3 but held at pH 5.1 for 5 minutes. The increase in specific 
activity of preparations at pH 6.0 after treatment at pH 5.1 is due 
to precipitation of inert protein; no increase in total units at pH 
6.0 occurs. 

the pH 8.0 enzyme by treatment with alumina or calcium phos- 
phate gels, by absorption and elution from diethylaminoethyl- 
cellulose columns, or by ethanol fractionation resulted in almost 
complete destruction of activity. Reasonable recoveries of ac- 
tivity with a small degree of purification were obtained by col- 
lecting the fraction soluble in 10 but insoluble in 50% saturated 
ammonium sulfate. This same fraction also contained the pH 
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TABLE I 

Variation of acetolactate formation by crude extracts of E. coli with 
pH and cultural conditions of original cells 

Acetolactate formed ~moles 

Strain of E. co2i Medium 
per mg of protein per hour 

pH 6.0 pH 8.0 

K-12 Casein digest 0.445 0.21 
Minimal 0.43 1.35 

K-12, mutant 413* Casein digest 0.39 0.32 
Minimal + valine 0.17 0.66 

and isoleucine 

* An isoleucineless-valineless mutant supplied by Dr. E. A. 
Adelberg and lacking the ability to convert a,&dihydroxyiso- 
valerate to a-ketoisovalerate. The minimal medium for this 
mutant was supplemented with 30 mg each of valine and isoleucine 
per liter. 

TABLE II 
Fractionation of pH 6.0 enzyme from E. coli 

Fraction 

1. Crude extract*. ............. 
2. Ammonium sulfate fractions 

a. (t20% .................. 
b. 30-40s. ................. 
c. 40-50q70 .................. 

- 

Volume 

V&l %+l 

20 25.5 

10 
5 

10 

Protein 

4.4 
4.9 
7.3 

p?dtX/WZg 
protein/hr 

0.33 

0.52 
0.63 
1.01 

* From cells grown in a casein-digest medium. 

TABLE III 

E$ect of metal ions on acetolactate-forming enzymes of N. crassa 
and E. coli 

5 x 10-4 .%I #moles 5 x 10’ M p?noles 

None 0.25 co++ 0.92 
Mn++ 1.90 Zn++ 0.34 
Ca++ 1.35 Ni++ 0.31 
Mg++ 1.25 Fe++ 0.17 
Fe+++ 1.05 Cd++ 0.16 

Metal ion added Acetolactate formed Metal ion added 
\ 
Acetolactate formed 

A. Enzyme from N. crassa* 

B. pH 6.0 enzyme from E. colit 

Undialyzed Dialyzed 

None 0.91 None 0.52 
Mn++ 1.21 Mn++ 0.71 
Mg++ 1.16 Mg++ 0.71 

* A preparation (2.4 mg of protein per ml of assay mixture) 
free of acetolactate decarboxylase (see text) was used under 
standard assay conditions but with Mn++ omitted. 

t The preparation used was Fraction 2c, Table II. Either 1.46 
mg of undialyzed protein, or 1.07 mg of dialyzed protein was 
used per assay. Dialysis was against 0.01 M sodium ethylene- 
diaminetetraacetate for 24 hours. 

6.0 enzyme (Fig. 2). Narrower range fractionation resulted in 
substantial loss of the enzyme. 

Preparations of the pH 6.0 enzyme free of the pH 8.0 enzyme 
were readily obtained either by inactivation of the latter enzyme 
by treatment at pH 5.1, or by fractionation of extracts from cells 
grown in the casein digest medium. As originally noted by Um- 
barger and Brown (6), cells grown under the latter conditions 
contain reduced amounts of the pH 8.0 enzyme (Table I). Al- 
though the pH 6.0 enzyme was stable to fractionation with 
ammonium sulfate, only a modest increase in activity was ob- 
tained (Table II). 

Properties of Acetolactate-forming Enzymes from 
N. crassa and E. coli 

1. Metal Ion Requirements-Several divalent metal ions re- 
stored activity of the purified N. crassa enzyme to varying de- 
grees (Table III). At low concentration Mn++ was by far the 
most active, but it inhibited at higher concentrations. At higher 
concentrations activity with added Mg++ equaled that obtained 
with Mn++ (Fig. 3). 

The pH 6.0 enzyme from E. coli was activated only slightly 
by Mg++ or Mn++ (Table III). The pH 8.0 enzyme, in con- 
trast, was well resolved with respect to metals (Fig. 4). Like 
the enzyme from Neurospora, this enzyme is activated by both 
Mn++ and Mg++. Unlike the Neurospora enzyme, it is only 
slightly more sensitive to Mn++ than to Mg++, and high concen- 
trations of Mn++ are not inhibitory. 

1. Thiamine Pyrophosphate Requirements-None of the three 
acetolactate-forming enzymes showed activity in the absence of 
thiamine pyrophosphate. For the enzyme from N. crassa, half- 
maximal activity was obtained at a cofactor concentration of 3 x 
lo--6 M. 

S. substrate Specificity and K, Values-a. Pyruvate Only- 
Acetolactate formation by crude extracts of N. crassa could be 
detected only at relatively high (>0.02 M) concentrations of 

0.8 

0.6 

o.oal4t4s-J 
0 I 2 3 4 5 IO 20 50 

METAL ION (MOLARITY x 103) 

FIG. 3. Effect, of Mn++ and Mg++ on the formation of a-acetolac- 
tate by the enzyme from N. crassa. The insert shows the effects 
in a separate experiment of lower concentrations of Mn++. Stand- 
ard assay conditions (2.24 mg of protein per ml of assay mixture) 
but with concentration of metal ions varied. 
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pyruvate. At lower concentrations only acetoin was formed. 
High pyruvate concentrations were at first assumed to suppress 
activity of acetolactate decarboxylase. However, preparations 
free of the decarboxylase showed this same high requirement for 
pyruvate, the K, being 4.6 X 10-Z M. Both the pH 6.0 and the 
pH 8.0 enzyme from E. coli show similarly high K, values of 
4.15 X 10e2 M and 2.24 X 10e2 M, respectively. The relation of 
substrate concentration to activity of the pH 8.0 enzyme from 
E. coli is shown in Fig. 5; similar data, not shown, were obtained 
for the other two enzymes. A similarly high requirement for 
pyruvate has been reported for the acetolactate-forming enzymes 
of A. aerogenes (12). 

b. Pyruvate Plus Acetaldehyde-In the presence of equimolar 
(0.01 M) amounts of pyruvate and acetaldehyde, preparations 
from N. crassa free of acetolactate decarboxylase formed only 
acetoin. When the concentration of pyruvate was increased and 
that of acetaldehyde was held at 0.01 M, both acetoin and aceto- 
lactate were formed. The formation of acetolactate is competi- 
tive with that of acetoin, as shown in Fig. 6. In the presence of 
5 X 1O-3 M pyruvate, the K, value for acetaldehyde for acetoin 
formation was determined to be 5.8 X 1O-3 M; the value of & 
as measured by inhibition of acetolactate formation was 2.0 X 
1o-3 M. 

c. Acetaldehyde Only-Acetaldehyde alone can serve as a sub- 
strate in the synthesis of acetoin by extracts of wheat germ (22)) 
of pig heart (23, 24), and of filariae (14). In extracts of N. 
crassa and of E. coli, no free acetaldehyde could be detected even 
when pyruvate was added, and no detectable amounts of acetoin 
were formed when acetaldehyde alone was supplied as substrate. 

d. Pyruvate Plus a-Ketobutyrate-By analogy with the forma- 
tion of acetolactate from pyruvate, it was postulated (4) that 
cr-aceto-a-hydroxybutyrate was formed by condensation of acet- 
aldehyde (formed from pyruvate) with ar-ketobutyrate. Because 
acetolactate is formed with pyruvate alone as substrate, identifi- 
cation of the very similar compound, cr-aceto-cr-hydroxybutyrate, 
is rendered difficult. However, the acid decarboxylation prod- 
ucts of these /I-keto acids, acetoin and acetoethylcarbmol, form 
chromatographically distinct pteridines when allowed to react 
with 2,4,5-triamino-6-hydroxypyrimidine (7). The pteridines 
formed in this way from a reaction mixture containing the de- 
carboxylase-free, acetolactate-forming enzyme from N. crassu, 
pyruvate, and cu-ketobutyrate were dissolved in dilute ammonia 
and chromatographed alongside authentic standards. n-Pro- 

(Km = 6.85x 10sM 1 

METAL ION MOLARITY x IO4 

FIG. 4. Activation by metal ions of acetolactate formation by 
the pH 8.0 enzyme of E. coli. Standard assay conditions were 
used; the enzyme preparation (1.09 mg of protein per ml of assay 
mixture) was that fraction soluble at 30 but insoluble at 50% 
saturation with ammonium sulfate. 

(Km = 2.24 x IO-*M 1 

FIG. 5. Relation of acetolactate formation by the pH 8.0 en- 
zyme of E. coli to pyruvate concentration. The insert shows a 
Lineweaver-Burk plot of the same data. Standard assay condi- 
tions with pyruvate varied and 1.09 mg of protein per ml. The 
enzyme preparation was that used in Fig. 4. 

I5 

IO 

‘/v 

5 

0 
u 50 100 

‘/s 
FIG. 6. Competitive inhibition by acetaldehyde of acetolactate 

formation by the purified enzyme from N. crassa. Standard assay 
conditions, with 1.9 mg of protein per ml and varying amounts of 
pyruvate. 

panol-1 ‘+J ammonia (2 : 1) was the solvent (7) and the pteridines 
were detected by their fluorescence under ultraviolet light. Two 
separate zones were present in the incubation mixtures with RF 
values of 0.65 and 0.50, corresponding exactly to the pteridines 
formed from authentic samples of acetylethylcarbinol and ace- 
toin, respectively. Ultraviolet spectra in 0.1 N NaOH of the 
eluted pteridine zones were identical with those of the authentic 
standards. Quantitative determinations were not made, since 
it was not certain that formation of the two pteridines was either 
quantitative, or occurred in equal yield. Rough visual compari- 
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0 30 60 90 120 0 0.5 I.0 1.5 2.0 
TIME, MINUTES PROTEIN, MG 

FIG. 7. Acetolactate formation by the purified enzyme from 
N. crania as a function of time (A) and enzyme concentration 
(B). Curve 1, acetolactate formation under standard assay con- 
ditions with purified enzyme (4.8 mg of protein in 2.0 ml volume). 
Curve 2, CO2 formation under standard assay conditions with 
purified enzyme (2.4 mg of protein in 2.0 ml volume). The two 
curves are from separate experiments. Curve S, acetolactate 
formation under standard conditions. 

TABLE IV 

Stoichiometry of acetolactate and acetoin formation by purified 
enzyme from N. crassa 

Trial’ 

1 
2 

T 

Initial 
pyruvate 

0.5 M 
0.04 M 

~Moles loss or gain 

Found Theory 

4cetoin A,$$: Pyruvate CO2 co2 Pyruvate 

4.4 4.8 14.6 13.6 
7.0 2.8 -17.7 -19.6 

* Trial 1, standard assay mixture with 6.1 mg of protein per 
ml. CO2 evolution was followed. After 4 hours at 37”, acetoin 
and acetolactate were determined. 

Trial d, standard assay mixture except for reduced pyruvate 
concentration and 6.1 mg of protein per ml. Pyruvate, acetoin, 
and acetolactate were determined after 4 hours of incubation at 
37”. 

son indicated that the ptericlme formed from acetoin was present 
at about 10 times the concentration of that from acetylethyl- 
carbinol. No acetylethylcarbinol was formed in the presence of 
acetaldehyde and cr-ketobutyrate as substrates, or in the absence 
of cr-ketobutyrate with pyruvate as substrate. 

4. Time-Course and Effect of Enzyme Concentration-The rates 
of acetolactate and carbon dioxide formation from pyruvate by 
the enzyme from N. crassa were followed in separate experiments. 
These rates were linear for at least 1 hour (Fig. 7). Product 
formation was directly proportional to enzyme concentration. 

5. Stoichiometry-The over-all reactions involved in the for- 
mation of acetolactate and acetoin are as follows: 

2 Pyruvate ---) a-Acetolactate + CO2 

a-Acetolactate -+ Acetoin + CO2 

(1) 

(2) 

The data of Table IV demonstrate that the required stoichiom- 
etry exists. Although the preparations of N. crassa contained 
very little acetolactate decarboxylase, considerable acetoin was 
formed during the long incubation periods used for these experi- 
ments. When 0.5 M pyruvate was used, it was difficult to deter- 
mine the disappearance of pyruvate accurately. For these 
reasons, the experiments were performed at high levels of pyru- 
vate for measurement of COZ evolution, and at low levels for 
measurement of pyruvate disappearance. 

6. Inhibition of Enzyme Activity-The formation of acetolac- 
tate from pyruvate by preparations from N. crassa is inhibited 
completely by 10m4 M HgC1.r or AgNO$ and to a much smaller 
extent (17.5%) by 1O-4 M CuSO+ No inhibition was observed 
at these concentrations of p-chloromercuribenzoate or iodo- 
acetate. 

DISCUSSION 

The formation of acetoin from pyruvate has been observed in 
several microorganisms (ll), in plants (22), and in higher ani- 
mals (23, 24). In bacteria it is formed mainly by the decarbox- 
ylation of cy-acetolactate, and the present results indicate this 
is also the route of its formation in extracts of N. crassa. Singer 
and Pensky (22) prepared a highly purified enzyme from wheat 
germ and showed that it catalyzed both the decarboxylation of 
pyruvate to acetaldehyde and condensation of acetaldehyde to 
acetoin. Acetolactate is thus not an obligatory intermediate 
in acetoin formation by this tissue. There is also no evidence 
for an intermediate role of acetolactate in acetoin formation by 
pig heart (13, 24) or filariae (14) since these tissues, like wheat 
germ, convert acetaldehyde directly to acetoin. The enzyme 
system from N. crassa studied here does not form acetoin directly 
from acetaldehyde, but forms it by decarboxylation of cu-aceto- 
lactate. No acetaldehyde is formed from pyruvate by the ex- 
tracts. Even in the presence of added acetaldehyde, pyruvate 
is still required for acetoin formation, but is diverted directly to 
the latter product without appearance of acetolactate as an in- 
termediate. Free acetaldehyde is thus not a precursor of aceto- 
lactate (or of acetohydroxybutyrate) in N. crassa. 

These diverse results are readily correlated by extension of a 
scheme suggested by Singer and Pensky (22). According to this 
view, all degradative reactions of pyruvate in vivo have in com- 
mon the formation of an enzyme-acetaldehyde complex the fate 
of which varies, depending upon the enzyme and its environment, 
as shown in Fig. 8. The enzyme from N. crassa, studied here, 
apparently forms a nondissociable enzyme-acetaldehyde complex 

ACETYLMETHYL- 
ACETYL-CoA 
+ENZYME 

CARBINOL+ENNME CH3CH0 

+ ENZYME 
,5’ 

f ,‘,’ 
,,>’ 9 

.‘.’ 
ENZYME- b 

PYRUVATE+ENZYME~PYRUVATE - 
ENZYME- 
ACETALDEHYDE + CO2 

VALINE 
ENZYME + 

- - - a-ACETOLACTATE E,~~~~~y+~T~~~~E”-cr-~~~lSOLEUCINE 

-DECARBOXYLASE- I I 
CO2 + ACETOIN CO2 + ACETYLETHYLCAWNOL 

FIG. 8. Interrelationships between formation of acetaldehyde, 
acetoin, cu-acetolactate and related products. Reactions ob- 
served in N. crassa in this and a preceding study (1) are indicated 
by solid arrows. 
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(Reaction a + b) which can pass the bound group either to added a mixture of cr-acetolactate and cr-aceto-cr-hydroxybutyrate. 
acetaldehyde to yield acetoin (c), or to pyruvate to yield oc-aceto- These results are interpreted in terms of a thiamine pyrophos- 
lactate (d), or to ar-ketobutyrate to yield a-aceto-a-hydroxybuty- phate-dependent decarboxylation of pyruvate to yield an acetal- 
rate (e). The aldehyde-enzyme complex must be nondissociable dehyde-enzyme complex that can pass the aldehyde residue to 
because no free acetaldehyde is formed from pyruvate (f). acetaldehyde to yield acetoin, to pyruvate to yield acetolactate, 
Similarly, the complex cannot be formed from enzyme plus or to cr-ketobutyrate to yield cr-aceto-cY-hydroxybutyrate, but 
acctaldehyde (g), for in the latter event acetoin would be formed cannot dissociate to free acetaldehyde and enzyme. Accord- 
directly from acetaldehyde (g + c), as in wheat germ and pig ingly, free acetaldehyde is not a precursor of valine or of isoleucine 
heart. in this organism. 

Because activity of the pH 8.0 enzyme is decreased when 
organisms containing it are grown in the presence of valine, 
Umbarger and associates (6, 12) ascribe the principal role in 
biosynthesis of valine to the acetolactate formed by this enzyme. 
These authors also conclude (12) that when Aerobacter aerogenes 
grows at low pH values, and appears to lack the pH 8.0 enzyme, 
the pH 6.0 enzyme also can supply acetolactate for valine syn- 
thesis. N. crassa contains only the latter enzyme, which must 
therefore function in valine synthesis by this organism. Since 
its activity is not repressed by presence of valine, the type of 
feed-back control mechanism suggested for valine biosynthesis 
in E. colz (6) and A. aerogenes (12) must not be present in N. 
crassa. 
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