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The Formation of Certain Transaminases and its Control

during the Growth of Streptococcus thermophilus
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In this investigation the transaminase activities of 27 different
Streptococcus thermophilus strains and the effect of end product
repression on the formation of the transaminases were studied. Varia-
tions were observed in the transaminase activities of the different
strains, In general, aspartate was the most effective amino group
donor. Isoleucine, leucine, valine, phenylalanine, tryptophan, tyrosine,
and methionine were effective amino group donors in addition to
aspartate, but arginine, asparagine, cysteine, cystine, glycine, histidine,
and lysine were either weak amino donors or did not take part in the-
reaction. The abilities of serine and threonine to act as amino group
donors varied markedly in the different strains.

As a part of a research program dealing with enzymatic activity during the
active growth periods of bacteria, we have now established that variations
exist between different strains of Strepotococcus thermophilus in the formation
of transaminases promoting the reaction:

L-Amino acid + e-ketoglutaric acid = keto acid + L-glutamic acid.

In addition it was studied whether the formation of transaminases is
repressed in the same way in lactic acid bacteria as Raunio? has recently found
in this laboratory to be the case in Eachemchm colz cells.

EXPERIMENTAL

Growth organisms and their cultivation. For this investigation 27 different Strepto-
coccus thermophilus strains were chosen (Table 1). In the experiments on enzyme forma-
tion, only the strain KQ was employed because the activities of enzymes have been more
closely studied with this strain than with the others in this laboratory. :

The strains were transferred at intervals of 3—4 weeks to a new TSHGA medium
with the following composition: 2 g of Bacto tryptone, 0.5 g each of lactose, glucose,
sucrose, and yeast extract, 0.25 g of gelatine and 70 mg of ascorbic acid in 100 ml of water
(pH. 6.7 6.8, adjusted with NaOH). After each transfer the tubes were incubated 10—15
h at 37° and then preserved at + 2°.
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Generally the TSHGA medium was used also as the inoculum medium. In some
of the experiments on end-product repression, however, an ScQ medium with the following
composition was employed: 5.0 g each of sucrose and lactose, 5.2 g of g-glycerophosphate,
3.4 g of sodiumacetate, 0.2 g of ascorbic acid, 0.267 g of NH,Cl, 0.146 g of L-glutamic
acid, 0.06 g of r-cysteine, 0.307 g of MgSO,.7TH,0, 0.746 g of KCl, 0.03 g of CaCl,, 1 mg
each of thiamine, nicotinic acid, pyridoxal phosphate, riboflavin, and p-aminobenzoic
acid, 0.5 mg of calcium pantothenate, and 1 ug of biotin in 1 litre of once distilled water.
The medium was adjusted to pH 6.8 with sodium hydroxide and sterilized 10 min at
105°.

The growth medium was either the TSHGA or the ScQ medium, of which 200-ml
aliquots were added to vessels of 500 ml capacity. Before the inoculation the cells had been
incubated in the inoculum medium overnight (10— 14 h) at 42°, centrifuged 10— 15 min
at 4000—5000 g and washed twice with 0.9 % sodium chloride. During the growth the
medium was gently stirred. The samples were generally withdrawn at intervals of 15
min, their turbidities: were measured with a Klett-Summerson colorimeter using filter
62, and centrifuged after cooling 5—7 min at 1500 g. The cells were then washed once
with cold 0.9 9%, sodium chloride solution.

Table 1. Transaminase activities of 27 different strains of Streptococcus thermophilus. The transaminase activity
the enzyme preparations as controls before the reactions were deducted from those obtained after the reactions.

Amino Str. thermophilus strains
donor 10 10R I1IR 12 40 50 60 70 71 72 74 75 6 77
Ala 0 20 34 0 25 0 32 0 32 10 12 14 12 20
38 11 20 10 38 14 43 27 35 18 12 25 10 0
Arg 0 0 0 0 0 1.8 11 0 27 12 20 0 0 3.4
Asp 42 83 58 88 38 60 24 11.8 70 93  10.0 103 120 115
91 120 128 126 60 10.5 16.0 188 75 50 34 64 57 92
Asp—NH, 0 0 1.3 0 0 0 0 0 0 0 1.2 0 0 0
CySH 23 34 27 32 22 10 O 20 30 33 30 20 O 5.2
0 4.0 0 0 0 0 1.0 40 385 0 34 11 0
CyS™ 0 25 63 0 25 0 1.2 40 35 23 172 0 0 43
0 3.2 20 0 10 0 0 47 42 4.6
Gly 23 30 25 1.2 1.0 10 30 22 15 0 1.6 24 32 1.2
30 10 21 25 32 38 15 28 20 12 12 14 0 0
His 0 0 0 0 0 0 0 0 0 0 20 0 0 0
Tle 20 134 102 140 110 0 88 1.5 35 178 63 23 48 20
20 102 177 178 21 46 60 23 91 94 59 91 62 122
Leu 27 29 175 24 185 23 197 40 68 31 105 45 9.6 34
27 139 123 147 27 84 7.2 32 151 168 11.3 20 100 17.0
Lys 0 0 0 0 0 1.7 0 0 0 0 36 0 0 1.7
Met 75 125 104 65 95 0 96 27 65 135 50 175 0 117
1.5 11.5 90 126 17 37 40 1.7 21 180 6.2 182 6.7 88
Phe 62 103 172 83 58 87 77 0 57 67 26 163 2.0 1747
100 54 179 51 27 22 42 1.0 61 51 81 192 45 3.8
Ser 24 14 17 0 0 0 60 10 0 1.5 42 19 0 4.2
36 20 15 12 0 67 10 45 46 0 26 0 2.1 2.8
Thr 1.2 1.9 0 0 0 0 37 0 0 46 36 22 27 15
36 34 20 14 0 36 74 15 42 1.8 31 15 1.8 0
Try 57 83 68 95 48 28 67 0 45 45 22 141 1.5 132
84 176 58 67 27 26 3.0 21 45 42 56 25 30 9.2
Tyr 40 53 45 67 3.0 27 40 0 30 20 157 122 0 107
60 50 46 42 19 22 23 15 30 25 41 22 2.2 44
Val 187 11.2 88 103 93 0 105 0 32 172 6.8 179 35 13.0
172 86 53 78 20 23 30 23 91 7.8 59 82 50 100
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Enzyme preparation. The washed cells were cooled to —35° (mostly overnight) and °
thawed at 37° for 2—3 min. After this 0.5 ml of 0.05 M Tris-HCl buffer, pH 8.0, was
pipetted over the cell mass and the tubes were cooled to —35° during about 5 min and
thawed as above. The milky extract was used for chromatographic enzyme activity
determinations.

Determination of transaminase activity. For the activity determinations 50 ul of enzyme
preparation and 50 ul of substrate solution containing 10 umoles of an r-amino acid,
20 umoles of a-ketoglutaric acid and 5 ug of pyridoxal phosphate in 0.05 M Tris-HCl
buffer, pH 8.0, were pipetted into 60 X 7 mm test tubes. The reaction mixture was in-
cubated at 37° and the reaction was stopped after 90 min. The reaction was stopped with
25 pl of 5 N sulphuric acid and the precipitated protein was centrifuged. A 25-ul1 volume
of the supernatant was pipetted onto Whatman No. 1 paper and the substrate amino
acid and r-glutamic acid were separated chromatographically using the solvents bu-
tanol:glacial acetic acid:water 120:30:50 (leucine, isoleucine, valine, phenylalanine,
tyrosine, tryptophan, and methionine), ethanol:water-ammonia 180:10:10 (serine, thre-
onine, alanine, and glycine), pyridine:glacial acetic acid:water 100:70:30 (aspartic acid),
and phenol:water 4:1 (histidine, lysine, arginine, and asparagine). After the run the papers

given in mU/mg of dry weight of cells. When calculating the enzyme activities Klett readings obtained with
11 dry weights were calculated using the dry weight-turbidity curve determined for strain KQ.

Str. thermophilus strains Lactobacillus
78 90 100 101 110 Th1187Th7952 Th Ths H.thstr. Kungsb. Yil. Kg | 9rabinosus
0 0 0 0 28 18 20 0 0 1.2 25 20 0 4.8
4.2 0 56 24 48 16 0 5.4 56 14 3.0
0 125 0 24 1.8 0 36 70 24 33 7.2 0 48
20 102 124 8.1 182 107 48 55 84 54 19.6 81 32 80
37 115 37 77T 42 35 30 65 27 27 30 55 57
0 1.0 0 0 36 0 0 0 0 0 20 0
0 0 0 54 128 47 15 23 31 25. 20 58 0 2.5
2.3 2.1 27 45 32 0 2.2 14 1.1 40 38 0
0 37 0 46 91 0 0 32 28 0 38 87 0 3.5
2.1 0 48 15 0 1.1 1.0 1.0 32 15 0
0 0 0 100 20 0 12 34 0 2.0 1.7 13 11 1.1
14 0 27 0 1.6 0 52 0 3.2 43 15 1.6
0 27 24 0 0 0 0 45 0 0 1.2 0 0
9.8 171 44 29 20 73 67 22 28 7.3 110 22 4.5 61
25 21 1256 9.6 48 149 88 47 75 104 85 74 58 26
130 24 66 58 27 88 7.2 40 45 80 170 34 6.0 91
37 1.8 23 150 80 197 134 83 9.6 135 125 120 8.0 37
1.6 0 1.9 0 0 0 0 1.6 0 0 1.6 52 1.8
0 56 0 19 120 6.6 40 143 26 5.0 31 186 9.9 40
28 44 125 82 48 134 158 54 82 117 160 160 10.0 21
0 9.7 0 0 24 38 0 133 20 37 131 131 88 52
20 48 7.3 78 100 165 17 50 172 23 13.2 105 15.2
0 1.6 105 102 25 22 0 0 1.2 0 28 24 1.0 1.8
84 0 0 1.2 48 25 46 1.0 3.0 37 0 1.2
0 42 127 105 15 0 0 0 1.3 13 27 1.0 0 2.5
11.0 0 57 38 38 24 387 1.2 4.2 58 2.2 2.2
29 124 0 0 22 0 0 113 181 28 125 105 6.1 37
21 40 73 100 60 7.5 100 0 50 50 20 172 85 14.0
0 84 0 0 128 0 0 7.5 136 15 82 73 41 22
18 1.8 57 48 62 48 74 0 43 36 152 149 5.7 76
7.2 134 3.0 46 170 64 40 173 181 5.0 80 184 4.2 54
21 1.8 99 94 38 127 58 48 64 7 70 72 5.0 26
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were dried either at room temperature or at 40— 50°. When dry, they were sprayed with
0.2 9% ninhydrine in acetone containing 5 9%, pyridine. The colour was a.llow:g to develop
overnight at room temperature, after which the glutamic acid spots, all equal in size,
were extracted with 2.5 ml of methanol and the intensity of the colour was measured with
the Klett-Summerson colorimeter employing filter 54. In the control test 50 ul of water
was substituted for the substrate solution. The reading in this test (on average 30—40
Klett units) was subtracted from the values obtained in the actual analysis.

The activity was calculated as enzyme units, mU/mg of dry weight or mU/ml of growth
medium (mU = umoles of glutamic acid formed/min at 37°). Before the dry weight
was determined, the cells had been washed twice with 0.9 9, saline and once with distilled
water and then dried at 105° overnight. After the dry weights of cells had been plotted
against the Klett readings obtained for cell suspensions, the dry weight of cells could
be determined from the colorimeter readings. By this procedure it was found, for example,
that !;lhe Klett reading 100 (filter 62) corresponded to a dry weight of 0.37 mg of cells
per ml.

RESULTS

Transamination reactions. Previously it has been found in this laboratory
that many Streptococcus thermophilus strains require growth media with a
more complicated amino acid composition than does strain KQ, which requires
only the amino acids L-glutamic acid and 1.-cysteine for growth.2 In the present
investigation, in order to determine a possible relationship between trans-
aminase activities and the amino acid requirements, 27 different strains were

Table 2. Formation of transaminases during the growth of the Str. thermophilus strain Ths in
media ScQ (part A) and TSHGA (part B). The enzyme activity is expressed in mU/ml of growth
medium. Growth was measured with a Klett-Summerson colorimeter employing filter 62.

A Trans- ' Growth time, min
aminase 0 15 30 45 60 75 90 1056 120 220
Tle 0.68 144 332 552 5.88 612 6.00 617 6.00 504
Leu 1.20 264 597 820 920 10.23 1031 1068 9.65 8.61
Val 0.80 1.60 3.36 5.08 560 584 592 560 570 4.77
Phe 040 0.56 1.08 1.84 3.12 432 500 537 4.28 2.56
Try 0.52 -0.64 1.36 1.92 3.04 408 540 532 392 2.64
Tyr 040 0.64 0.80 132 248 3.36 3.92 440 3.04 1.94
Asp 360 6.16 122 166 162 19.6 188 164 154 7.40
Growth 53 50 50 51 53 56 60 65 70 95
B Trans- Growth time, min

aminase 0 10 30 40 50 60 70 80 90 100
Tle 072 1.28 144 200 244 260 236 2.00 236 224
Leu 0.96 1.88 2.56 4.32 492 496 5.04 480 520 5.48
Val 040 072 1.32 1.68 208 220 2.08 195 2.08 2.08
Phe 040 076 1.20 172 2.20 228 2.16 238 238 212
Try 032 052 1.04 156 1.96 2.32 204 2.24 236 2.16
Tyr 024 040 068 132 1.60 192 1.80 1.85 2.00 1.92
Asp 172 7.00 129 162 170 174 17.2 168 168 17.2
Growth 53 53 51 51 56 59 63 66 70 77
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tested for their ability to promote the transamination reactions in which
a-ketoglutaric acid functions as the acceptor of the amino group and the
protein amino acids as donors. Table 1 shows the results of two parallel tests.
For the determinations of enzyme ativity the strains were grown in the TSHGA
medium and the samples from which the frozen and thawed preparations were
made were withdrawn at the beginning of the exponential phase when the
enzyme activity is at a maximum (Table 2). The results presented in Table 1
show that, in general, the transaminase activity was high when aspartic acid,
isoleucine, leucine, valine, methionine, phenylalanine, tryptophan, or tyrosine
functioned as donor of the amino acid group to a-ketoglutaric acid, and weak
or absent when alanine, arginine, asparagine, cysteine, cystine, glycine, histi-
dine, or lysine were the donors. When the amino donors were serine and
threonine, marked variations were observed between different strains and the
enzyme activity was mostly weak. Table 1 shows also many marked differences
between the parallel determinations, a fact that may have been due to varying
degrees of inactivation of the transaminases during the treatment ofthe
preparations. Lactobacillus arabinosus was also included among the tested
organisms. The values obtained with this organism corresponded to previous
values.? .

Formation of transaminases. Seven amino donors were chosen on the basis
of the values given in Table 1. Transaminase activities were determined during

Table 3. Formation of transaminases during growth of strain KQ in media ScQ (A) and TSHGA
(B). Explanations as in Table 2.

A Trans Growth time, min
aminase 0 16 35 50 65 80 100 120 150 180
Ile 1.24 220 328 324 340 340 320 276 228 2.00
Leu 1.92 268 548 580 568 528 4.76 264 3.16
Val 1.36 200 3.00 320 340 360 320 320 340 3.20
Phe 092 148 264 2.88 280 244 232 200 1.60 1.36
Try 1.04 160 328 332 3.04 2.80 272 248 1.96 1.72
Tyr 0.68 1.08 268 2.52 200 212 208 172 148 1.12
Asp 360 440 112 158 184 196 188 180 17.6 19.2
Growth 127 116 116 117 123 134 147 163 186 192

B T Growth time, min
aminase 0 10 20 30 40 50 60 70 80 90

Ile 0.64 080 0.80 1.00 1.28 224 208 2.20 1.92
Leu 0.96 0.96 1.28 200 276 3.68 340 3.76 3.56

Val 040 0.56 0.80 1.16 148 2.60 2.60 240 264 232
Phe 0.36 0.68 0.68 0.92 1.66 248 256 272 248 2.24
Try 040 072 0.76 1.00. 140 224 240 256 228 2.12
Tyr 032 052 060 0.76 0.92 1.64 1.80 1.64 148 1.36
Asp 0.80 140 308 416 6.60 980 992 920 560 4.24

Growth 116 107, 113 120 133 148 163 176 186 196
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the growth of strains Ths and KQ. The seven amino donors were isoleucine,
leucine, valine, phenylalanine, tryptophan, tyrosine, and aspartic acid. Table
2 shows the formation of the transaminases in strain Ths in the growth media
ScQ and TSHGA. As can be seen from the table, the maximum activity
values (mU/ml of growth medium) were obtained after incubation for 75—105
min in medium ScQ, or when the cells were in the acceleration phase of growth.
With isoleucine and leucine the increase in activity was about 9-fold, with
valine 7-fold, with phenylalanine 13-fold, with tryptophan 11-fold, with
tyrosine 10-fold, and with aspartic acid about 5-fold. It should also be noted
that once the enzyme concentration had reached a maximum, it remained at
the same level for a comparatively long time before it began to decrease.
In addition, it can be seen from Table 2 that the formation of all the enzymes
started at the very beginning of cell growth. The rate of formation of enzymes
for the reactions in which phenylalanine, tryptophan or tyrosine functioned
as amino donors was lowest. The increase in enzyme activity was greater in
medium ScQ than in the TSHGA medium (with isoleucine about 4-fold,
with leucine and valine 5-fold, with phenylalanine 6-fold, with tryptophan
7-fold, with tyrosine 8-fold, and with aspartic acid about 10-fold). The enzyme
formation was maximal between 40 and 80 min after the inoculation, and thus
earlier than in medium ScQ. However, just as in medium ScQ, the enzyme
content remained at the same level for a comparatively long time after the
maximum had been reached.

Table 3 shows values obtained with strain KQ in the ScQ and TSHGA
media. These values correspond to those in Table 2 obtained with the strain
Ths. In medium ScQ the rate of formation of enzymes was about 3-fold when
the substrates were isoleucine, leucine, valine, phenylalanine, and tryptophan,
about 4-fold with tyrosine, and about 5-fold with aspartic acid. The enzyme
level was usually a maximum 65— 80 min after the inoculation. In the TSHGA
medium the corresponding activity values were 3-fold for isoleucine, 4-fold
for leucine, 6-fold for valine, 8-fold for phenylalanine, 6-fold for tryptophan
and tyrosine, and about 12-fold for aspartic acid, and the formation of enzymes
was maximal about 40—80 min after the beginning of growth. Also with
strain KQ the enzyme formation began immediately after the inoculation

Table 4. Effects of oxalacetic acid (OA) and r-aspartic acid (Asp) on the formation of

aspartate transaminase during the growth of strain KQ. The activity is expressed as

mU/ml of growth medium and the growth as Klett-Summerson readings obtained
using filter 62.

Growth time, min

Addition
0 15 30 45 60 75 90 120 180
— Growth 67 59 60 60 61 63 65 68 78
Activity 1.24 2.32 2.44 2.30 2.96 4.20 4.56 440 4.32
OA Growth 1.24 59 60 60 60 63 85 69 82
Activity 1.24 2.12 2.52 2.60 3.24 4.16 4.40 4.36  4.52
Asp Growth 1.24 59 59 58 59 60 61 65 72
Activity 1.24  2.20 2.20 2.48 2.80 3.56 4.20 4.52 3.80

Acta Chem. Scand. 19 (1965) No. 1



FORMATION OF TRANSAMINASES 203

Table 5. Effect of oxalacetic acid (OA) and r-aspartic acid (Asp) on the formation of

aspartate transaminase during the growth of strain KQ when the cells used as inoculum

had grown for 40 min in a medium containing no nitrogen sources. The activity is ex-
pressed as in Table 4.

Addi-
tion 0 10 20 30 40 50 70 90
—  Growth 135 129 129 129 128 129 130 132
Activity 444 452 592 956 12.24 13.48 14.12 13.88
OA Growth 129 127 130 129 130 132 133
Activity - 436 524 840 11.40 14.36 14.32 13.84
Asp Growth 127 128 127 126 126 127 128
Activity 4.00 540 7.52 11.76 12.24 13.88 13.88

and the rate of formation was lowest in the case of those enzymes which
promoted amino group transfer by aromatic amino acids.

Repression of the formation of transaminases. The results presented in Tables
2 and 3 indicate that the formation of transaminases may be repressed; the
enzyme formation was smaller in medium TSHGA than in medium ScQ, the
latter of which contained no other amino acids than r-glutamic acid and

Table 6. Effect of aromatic amino acids on the formation of the phenylalanine, trypto-
phan and tyrosine transaminase during growth of strain KQ. Enzyme activity: mU/ml.
The experiment is described in the text.

Additions Growth time, min
to growth Sub-
media strates 0 15 30 45 60 75 90 110
1 Growth 148 137 137 138 145 147 152 162
- Phe 0.70 1.20 1.48 1.92 3.16 3.04
Try 0.60 1.20 1.28 1.84 1.76 2.80 2.80
Tyr 0.40 0.60 1.00 1.16 1.52 1.60
2 Growth 148 139 138 138 145 147 150 161
Phe Phe 0.70 1.16 1.20 1.70 1.86 3.08 3.16
Try 0.60 1.04 1.12 1.60 1.60 2.80 2,72
Tyr 0.40 0.70  0.80 1.04 1.20 1.60 1.56
3 Growth 148 138 138 138 144 147 150 162
Try Phe 0.70 1.36 1.38 1.36 1.72 2.88 3.00
Try 0.60 1.26 1.20 1.30 1.90 2.60 2.78
Tyr 0.40 0.60 0.90 0.84 1.28 1.44 1.40
4 Growth 148 138 137 144 147 150 162
Tyr Phe 0.70 1.14 1.36 1.32 1.90 2.70 2.86
Try 0.60 0.96 1.26 1.44 1.70 2.70 2.56
Tyr 0.40 0.72 0.90 0.96 1.28 1.42 1.40
5 Growth 148 137 137 138 143 145 148 160
Tyr 0.40 0.72 0.90 0.96 1.28 1.42 1.40
5 Growth 148 137 137 138 143 145 148 160
Phe Phe 0.70 1.00 1.20 1.16 1.66 2.60 2.56
Try Try 0.60 0.96 1.10 1.22 1.60 2.60 2.40
Tyr Tyr 0.40 0.46 0.66 0.80 1.36 1.40
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Table 7. Effect of phenylalanine, tryptophan and tyrosine on the formation of the enzyme

system transaminating these amino acids during the growth of strain KQ in medium

ScQ. The cells had grown in a medium containing no nitrogen sources before the inocula-
tion. Enzyme activity: mU/ml.

Additions Growth time, min
to growth Sub- -
media strates 0 15 30 45 60 75 105 165
1 Growth 85 59 56 61 66 70 84 113
— Phe 0.80 0.96 0.92 1.60 1.52 1.60 3.08 3.12
Try 0.72 1.00 1.00 1.40 1.44 1.52 2.60 2.68
Tyr 0.40 048 0.50 0.72 0.80 1.48 1.52
2 Growth 85 59 55 62 65 69 78 105
Phe Phe 0.80 1.00 1.20 1.64 1.56 1.64 3.00 3.20
Try 0.72  0.92 1.08 1.44 1.32 1.56 2.80 1.72
Tyr 040 052 0.52 0.76 0.72 0.76 1.52 1.48
3 Growth 85 58 57 64 69 73 86 121
Try Phe 0.80 1.00 1.08 1.64 1.72 1.92 3.12 3.04
Try 0.72 0.84 0.96 1.60 1.60 1.69 2.80 2.80
Tyr 040 052 0.52 0.84 0.80 1.48 1.52
4 Growth 85 55 56 60 66 73 85 119
Tyr Phe 0.80 1.04 1.08 1.56 1.76 2.72 2.92
Try 0.72 1.00 1.00 1.48 1.60 1.60 2.60 1.72
Tyr 040 0.52 0.48 0.76 0.80 0.80 1.40 1.40
5 Growth 85 56 56 61 67 75 85 116
Phe Phe 0.80 1.12 1.60 1.56 1.56 2.60 2.60
Try Try 0.72 1.04 1.12 1.44 1.40 1.44 2.48 2.32
Tyr Tyr 0.40 0.56 0.80 0.76 0.76 1.32 1.28

L-cysteine. On the other hand, the fact that transaminases were formed in
medium TSHGA indicates that the repression cannot be very strong.

The repression of aspartate transaminase was studied by adding oxalacetic
acid or r-aspartic acid to medium ScQ at the beginning of the growth of strain
KQ in a quantity sufficient to make the solution 5 mM. The KQ cells used as
inoculum in the experiment had been precultivated 10 h in medium TSHGA.
Table 4 shows that neither oxalacetic acid nor 1-aspartic acid repressed the
formation of aspartate transaminase. In both cases the enzyme level increased
about 4-fold. As the test organism has a large amino acid pool, a series of tests
was made under conditions that would lessen the amino acid pool. For this
purpose, the strain KQ was precultivated as mentioned above, and the cells
were transferred to a ScQ medium containing no nitrogen sources. Only after
they had been in this medium for 40—60 min the cells were used to inoculate
three different ScQ media, one containing oxalacetic acid, one L-aspartic acid,
and the third without either. Table 5 shows, however, that it was not possible
to repress aspartate transaminase even in this way.

The repression of the formation of transaminases catalyzing the transamina-
tion of aromatic amino acids was studied also with strain KQ. The results are
shown in Table 6. In this experiment the inoculum cells were grown in medium
TSHGA for 8 h and then in medium ScQ. The cells were divided equally into
five vessels, one of which was used without amino acid additions as a control
vessel (No. 1). To the other vessels were added phenylalanine (No. 2), L-tryp-
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Table 8. Effect of isoleucine, leucine and valine on the formation of the enzyme system deaminat-
ing these amino acids during the growth of strain KQ.

Addi-

tions to Growth time, min

growth Sub-

media strates 0 15 30 45 60 75 90 105 140 180

1 Growth 125 116 118 119 123 125 130 134 162 177

- Ile 0.80 1.04 1.60 1.80 240 262 2.8 250 2.76 2.38
Leu 1.14 1.56 260 316 6.50 630 7.00 6.80 6.62 5.12
Val 0.80 140 238 3.16 328 3.3 3.10 3.10 2.82

2 Growth 125 116 119 121 126 135 143 154 195 218

Ile Ile 0.80 1.26 1.70 200 260 244 254 286 292 210

Leu Leu 1.14 1.86 240 404 6.50 690 6.70 6.80 6.60 530

Val Val 0.80 1.30 1.714 244 290 3.00 280 3.04 290 220

3 Growth 125 116 117 120 124 128 136 141 154 168

Ile Ile 0.80 1.14 1.28 222 2,50 246 2.62 2.36 2.02

Val Leu 1.14 1.0 300 384 6.54 6.76 6.60 6.00 5.30
Val 0.80 1.32 1.80 204 218 3.16 290 2.76 1.82

4 Growth 125 116 118 120 124 130 136 147 160 177

Ile Ile 0.80 1.22 1.40 1.96 2.10 2.48 2.60 2.63 2.30 1.80

Leu Leu 1.14 1.6 3.02 314 510 560 7.00 690 590 5.80
Val 0.80 1.30 1.80 200 206 290 270 340 3.26 2.04

5 Growth 125 116 117 120 121 125 130 137 149 164

Ilew Ile 0.80 1.10 1.50 1.86 1.96 2.10 144 262 236 2.36
Leu 1.14 140 3.30 560 6.10 650 6.90 590 5.40
Val 0.80 1.16 1.80 1.74 2.06 2.06 2.60 2.74 2.80 2.44

tophan (No. 3), L-tyrosine (No. 4), and all these amino acids together (No. 5).
After the additions the concentration of each amino acid in the media was
2 mM. As can be seen from Table 6, phenylalanine and tryptophan had no
effect. .

When the cells were grown without nitrogen sources in the media in the
same way as in the experiments to which the data in Table 5 refer, the results
presented in Table 7 were obtained. These results show that only tyrosine
alone or in the combination phenylalanine + tryptophan - tyrosine, caused
a slight repression (5—10 9,) of the enzyme system transaminating amino
acids.

The repression of the formation of enzymes catalyzing the transamination
reactions in which isoleucine, leucine and valine function as substrates was
found to: be slight when studied with strain KQ in medium ScQ (Table 8).
Still it can be concluded that the effect of these three amino acids on the forma-
tion of the transaminase system is a repression and that the repression is equal
for all three corresponding transaminases. In this experiment the concentra-
tion of each amino acid was 2 mM. The following additions were made to growth
vessels: No. 1, the control, no addition; No. 2, L-isoleucine, 1-leucine and
1-valine; No. 38, L-isoleucine and 1-valine; No. 4, L-isoleucine and 1-leucine,
and No. 5, L-isoleucine. The cells had been precultivated 10- h in medium
TSHGA. By growing them without nitrogen sources as described above in
connection with the experiment reported in Table 5, a somewhat more marked
repression was observed (Table 9). The combination of three amino -acids
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Table 9. Effect of isoleucine, leucine and valine on the formation of the enzyme system

deaminating these amino acids during the growth of strain KQ in medium ScQ. The cells

used as inoculum had grown without nitrogen sources as described in connection with
Table 5. Enzyme activity: mU/ml.

Additions Growth time, min
to growth Sub-
media strates 0 15 30 45 60 90 120 150
1 Growth 150 148 147 147 148 150 153 1556
— Ile 2.96 2.62 3.74 4.30 4.60 4.32 4.54 4.36
Leu 4.90 4.86 6.04 7.60 8.32 8.52 8.54 8.54
Val 2.80 2.56 4.04 4.80 4.82 5.06 5.24
2 Growth 150 152 149 147 148 152 159 172
Ile Ile 2.96 2.48 3.58 3.68 3.92 4.16 4.10
Leu Leu 4.90 4.72 6.08 6.72 6.88 6.92 7.56 7.62
Val Val 2.80 2.24 3.68 4.32 4.32 4.20 4.40
3 Growth 150 152 150 147 147 148 153 158
Ile Ile 4.90 2.70 3.84 4.08 4.08 4.00 4.26
Val Leu 2.80 4.90 6.84 7.68 7.68 7.90 8.16
Val 2.80 2.60 4.04 4.40 4.48 4.70
4 Growth 150 151 150 147 148 150 154 162
Tleu Tleu 2.96 2.80 3.80 3.70 3.92 4.08 4.32 4.24
Leu Leu 4.90 4.90 6.30 7.10 7.50 7.44 7.82 8.08
Val 2.80 2.80 3.84 4.36 4.48 4.48 4.74
5 Growth 150 151 149 148 148 149 153 161
Ile Ile 2.96 2.70 3.62 4.10 4.32 4.16 4.38 4.10
Leu 4.90 5.10 5.90 7.00 7.82 7.96 7.90 8.28
Val 2.80 2.56 3.74 4.40 4.62 4.62 4.76
6 Growth 150 151 148 148 137 148 150 153
a-Keto- Ile 2.96 2.80 3.24 4.08 4.24 4.60
isovale- Leu 4.90 5.22 5.50 7.64 7.80 8.02 8.28
ricacid Val 2.80 2.90 3.64 4.20 4.88 4.96 5.22

gave an about 10—15 9, repression, two amino acids a 5—10 9, repression,
and one amino acid hardly repressed the enzyme formation at all. Ketovaline
and a-ketoisovalerate did not affect the formation of transaminases.

DISCUSSION

One of the main results of this investigation is the observation that the
activities of enzymes promoting transamination reactions are, generally speak-
ing, similar to those in Escherichia coli, the transaminases of which have
recently been clarified by Raunio? in this laboratory. The amounts of trans-
aminases formed were about the same as in E. coli. Still it was observed that
the maximal levels of transaminases mostly occurred in the acceleration or at
the beginning of the exponential phase of growth in the Str. thermophilus
strains; the maximal enzyme activities thus appeared earlier in the growth
cycle than in the case of E. coli.

The transaminases A and B and aspartic acid transaminase were very
active in all investigated Str. thermophilus strains. Also the transamination
reactions of serine and threonine were remarkably strong in certain strains.
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This fact may be useful in attempts to purify and investigate these trans-
aminases in detail. Certain differences were observed between parallel tests.
This may have been due to the fact that some transaminases are inactivated
during the preparation of cell extracts.%® It is interesting that asparagine
was hardly deaminated at all. On the other hand, aspartic acid was deaminated
very strongly, a fact indicating that the activity of arginase is evidently very
low in Str. thermophilus strains.

The results give reason to suppose that transaminase A (which deaminates
isoleucine, leucine, and valine) and transaminase B (which deaminates phenyl-
alanine, tryptophan, and tyrosine) were repressed in the investigated strains.
However, the repression was not observed clearly even in the experiments in
which the inoculum cells were grown in media without nitrogen sources.
Evidently, the reason for this was the high amino acid pool in Str. thermo-
philus strains (cf. Holden ). In general, all the observations made indicate
that the transaminases here are repressed largely according to the system
found by Raunio ! in E. coli.
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