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1. @CaIc

LA, MRk 3 2 HEMBELEEL, &’
MOEA T ) —biEhoho0H3, ZOLEH
T, R ZALEEE 2 F O3 L L AT HIRE O
HOBBAIIT bR TWS, FIZIET AV T —
LFOEMFEL S e AT HBRE & U TR&EMA
LOTHY, S5k, TASVT—L%2BZ
b aENLFMEEH T2 ALHEET Y
T—uh, 7 AF—tHC LRI TV,
INSDIEEME, WThb A ) IRTFFTH
30, ZNSEWBKTHL-£7213D-7 2 JER,
ZNSDMDRTF NG ORFEN 2 Gk B
FTHWHRBERY T L wnTh oz,

TANNVT —LOERERTHEL-7 2 =L
7 7=y ORERMBEEEE LTIR, RyYres
¥ M Y O LIERFRIMASE, b7 > AR
BO7I/Mt, 7z=VELEVEADT I /5

ERERIE, 77 3 VEEBPS 7= 1vEL -
EVEERERMT 2 EBERKICEIHISNTWSY,

Bolt, Zffizig{b~> Yy oa,v bz v
2 TNANKRNMERIGICE S 7 2= VELE
CEOMENREREVFRAE SN I L 2R
7z VENVECVERZRERRETEL-72=LT
FovOERESICbMCERS ALY, 20X
IBRERNMS, BB 7= VELVEVEEL L-
7xZNVT 7= OMAEREMET 2 7 2=
77 = UBKEBERICER Lz, ARBERIZ, 1984
FICZOFEIRE S NIY, ZOSHPEEL
FAFEME R MshTunhr o, BRI,

OB R RGNS TR

+ 4 X 0 KEEFEEE R T Sporosarcina ureae
SCRC-R04 % Bacillus sphaericus SCRC-R79a O
STEECHRIILEY, 2R EFET2SDRA Y —
=272 &Y B badius 1AM 11059 253G 26 3
ZIEERWELLY, 2o L) ABEHEHEMS
EUTHBEL, BELENEEE 2O THS 2
1235 &3, ABEREIETF (pd) D7 a—=>
TUCHRIIL, ZOMEEHS ML, ABEHR
BIEFE2EOANBEHE K E coli ]M 109/
pBPDHI-DBL I3, BFAHRICHA TR Y 72
D 120f5 DEEFRIEE R FEBLL 729

ARETIE, FHBEMBER7 2=V T 7=
IKEREFRORT BN R, RFEEEAL-T
IVBOGRCHHALZERICOVWTE LD,
35, B. sphaericus SCRC-R79a D7 = =)v
77 =Y BKFEBEROEERRECOWT, {b¥
BRLz2-7 MNEEZFNS DT a7 ZHWTE
HICRRAT L 720 RIS, RICHRAN T ERBIKREER
(FDH) i & 5 NADH O 4% %#@» € (Fig. 1),
T x2E2NT 7= BUKERERICL 2 RMOL-T
2/ BOERICDOWTHRETL 72,

2. MBBIUFEE

(1) MEPOREE, 71 b ViR koRR

T7x=NVT 7= VBKRFEBEREEL LTOB
sphaericus SCRC-R79a 13 2-Y v ¥ —7 7 X ath
1.0%L-7z=V7 5=, 1.0% X7 b,
0.5% R * X, 0.2%K.HPOs, 0.1%NaCl,
0.02%MgS0; * TH.O % /K8 KT F#H B L 7o553th
(pH 7.0) 2500m/ ANz T30°C T20MEfIHE & 5 55 3%
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Fig.1 Synthesis of L-Amino Acids from Their 2-Keto Analogs by Phenylalanine Dehydrogenase with a Regenera-

tion of NADH by Formate Dehydrogenase.

L7, EMBUKERERIRE L TO C boidinii No.
22011, BERID /L D538 L 722, B. sphaeri-
CUsHRO 70 T =5 —B LY RV — LA RBE
5% &11.3Kb O pdh# 5 T % pUCY IZH &34
% pBPDHI-DBL %2{ERk L 72* . E. coli JM109/
pBPDHI1-DBL 1&37C T128f, 50ug/miD 7
YEY ) rE&t LB R (pH 7.5) THEL 72,

(2) 7z=0V7 7= oikFERERDRSE

Tx=NVT 7= BKFEREFEZ B sphaericus

SCRCR-79a £ W &L T, HBWIFE coli
JM109/pBPDH1-DBL X b, Fi% 4 i, DEAE-
FINR—=, TFN-FIN—, ¥ T77F v 7R
G-200% 7 A& FHWTREIL Y,

(3) 2-7b-4-7x=NE&RE, 2-7 b-5-
Tz VEHEE, 2-7 N FUBBIV
MMOEE T > v 7 DER"

TOELFNRYEY, 1-70F-3-7 2=

NTanNyBEYI-7aEATY > L DFHBL
17 =Y — LR EE, G THF YO Y+
TR PELVBICIER &SR, ZhZNh2-7 b-4-7
T ZVEEEBETF VT A7 (*H-NMR (CDCls)
0 ppm, 1.2 (t, 3H), 1.6 (s, 2H), 1.9 (m, 2H), 2.7 (t,
2H) (IX#%73%), 3.4 (m, 1H), 4.2 (q, 2H), 7.1-7.4
(m, 5H), 2-7 b-5-7z =V HFEHEBLF LR
7 v (*H-NMR (CDC13) é ppm, 1.3 (t, 3H), 1.9

(m, 2H), 2.6 (t, 2H), 2.8 (t, 2H), 4.3 (q, 2H), 7.0-
74 (m, 5SH)(UNE73%), 3L U2-7 b/ F
IFNVITAT)N (H-NMR (CDCls) 6 ppm, 0.9
(t, 3H), 1.3-1.5 (br, 8H), 1.4 (t, 3H), 1.6 (br, 2H),
2.8 (t, 2H), 4.3 (q, 2H) (I1%68%) %=HMK L7z,
INSDIRT VL, 10%55E8: %2 7 g,
50C T 3 BEHIPRIR T 2 Z &z & DIk SR L 72,
R L7 MEEE n-~FH > DOFIMIC & Y5
bl7z, 2-7 b -4-7 2= )VEERE, 2-7 b-5-
T VERBBLU2-7 b/ FrBIRMET
DIAT NS ZENZENSS, 938 L 1889%DILE
TR,

3-Tb-4-7 2= VEBEZF VI AT LB T
JIFrRurBE7 VT eFAL US4 R
2 OYLRTS% THR L 72, EEROMIKSREEIC &
D3-7b-4-7 2 = VEKEE #1572, "H-NMR
(CDC1s) 6 ppm 35 (s, 2H), 3.8 (s, 2H), 7.1-75
(m, 5H), 88 (s, 1H). 1-¥7V-2-7h-3-7 =
ST aNRVIFM%DIET, 72T EF L
7uI74RESTYI AT EDER L, 'H-N
MR (CDCls) 6 ppm 3.6 (s, 2H), 5.1 (s, 1H), 7.1-
74 (m, 5H). AL 7 MLEWE Y & £ b, i
Bem#L, 2-7b-3-7z=17a,x/—
%472, '"H-NMR (CDCls) & ppm 3.6 (s, 2H),
3.6-3.8 (br, 1H), 4.2 (s, 2H), 7.1-7.4 (m, 5H). 2 -



ATHWERORR & 2 27 3/ BBIOBERN AR 3

rh-3-(2-77%vy) FubExrrmgiz2-+
7Y VURERBLI VY T FLAFH ORI &
B L 720

(4) 2-7b-5-7 = VEKEBEORITHNT
3 ZERIE

dmmol D 2-7 h-5-7 =V HEFBE 2 EL
100m/ D RIEHIC20mmol ¥ BE7 > E=7 L4, 8
mmol ® NH,;OH-NH,Cl #& & i#% (pH 8.5), 0.1
mmol ® NADY, 5, 7608107 == V7 7=~
ik ZRESR, 2408070 EREMKEREHFZ30CT
GORFMHEIRER L 720 7 AR (3 mmol) %210/ & &
125 M Z 72, A0HERT H 1220mmol O X¥EE7 >~ %
T LEMZT,

(5) L-7z=0V7 7 =>DEENERKR

B. sphaericus SCRC R-79a 26D 7 = =17
FoUik FBEFE U5mg, 5H) BLUERE
fik#EEEH (7.5mg, 15H7) ZENTF 2 — 7
(18/32, Viskase Sales Corp., US.A) I AL,
4mmol 7 = =)VENE ¥, 50mmol NADT,
12mmol ¥ 7 > ="~ 4, 2.5mmol Tris-HCl
(pH 85) & 150m/ D KIGICIRL 1z, BEHF %
BLF 2—7IF30CITBTHRRL, EBHIT—E
35 & 12| CHROFH L WRKIGIRICE L 7. L
-7 2 =NVT 7=k, AEEW Pediococcus acidi-
lactici W TER L 72,

(6) 7MY EREECLISIL-7T2=1T

7= DEMK

B sphaericus SCRC-R79a 8 LU C. boidinit
No. 2201 D7 % © v ZHEE AL, BERIO 7 &
DERBL T, AR REERITO @) TH
3, 6 v —DOREERD» 5B C boidinii No.
2201 %280m/D0.0IMD 1 A BEEERE (pH 7.0) 12
B L7z, 22, —20CITHHIL 72400m/ D T
X brEAl, Bz L ) ED, FHO
WHIL 727 & b > THEOE305 MIRE T ICE &
B EREL, #HT22T-20CTREL .

EE, 1V vy —2%7:02.0¢g D B sphaericus
SCRC-R79a 5 £ U'1.3g D C. boidinii No. 2201
SN, 1.8mmol D7 = =V ENLE VS
NV 7 2, 15mmol ® NAD*, 12mmol O EEE7
&= A, 1.5mmol ® Tris-HC1 (pH 8.5),
ZNZFh300 mg O C. boidinii No. 2201 3 LU B.
sphaericus SCRC-R79a D FE A% & & KIE#E30m/
%30°C T48HFRIPRIA L 720 RIEBARATR 3, 7, 12,
25, 30BERIICHB VT, 1.85mmol D7 = =L E L
E VBT N T ARFMLE, 120H%, 5.6nmmol
DEBET VTV LEMZT,

3. ®& R

(1) B sphaericus HRD 7 = = N7 7 = Vi
REREROEE RN

B. subtilis SCRC-R79a HIRD 7 = =V7 7 =

Table 1 Substraate Specificity of Phenylalanine
Dehydrogenase from Bacillus sphaericus

SCRC-R79a.
Substrate Relative*

(10mM) activity (%)
4-Hydroxyphenylpyruvate 100
Phenylpyruvate 74
4-Vinylphenylpyruvate 38
4-Fluorophenylpyruvate 29
2-Keto-4-methylthiobutyrate 8.1
2-Keto-3-DL-phenylvalerate 6.5
2-Keto-isocalproate 5.7
2-Keto-butyrate 4.6
2-Keto-isovalerate 4.0
2-Keto-3-DL-(4-fluorophenyl)butyrate 37
2-Keto-3-DL-phenylbutyrate 3.5
2-Keto-4-phenylbutyrate 2.5
2-Keto-3-DL-methylvalerate 2.1
2-Keto-5-phenylvalerate 2.0
2-Keto-3-DL-(3-methylphenyl)butyrate 0.74
2-Keto-nonanoate 0.54
2-Keto-3-(2-naphthalene)propionate 0.34
2-Keto-3-DL-phenyl-4-nethylvalerate 0.07

* The following compounds were inert as a substrate:
benzoylformate, ethyl phenylpyruvate, ethyl
2-0x0-4-phenylbutyrate, ethyl 3-oxo-4-phenylbutyrate,
3-oxo0-4-phenylbutyrate, 2-oxo-phenylpropanol,
2-0x0-3-phenylnonanoate, and
2-0x0-3-methyl-3-(4-propylphenyl)propionate.
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CEBARBRICLZ2-T MEBLUERSDT
Fu70BRITMT I /AERICOEEFFRIEZ
Table 1 IZ7R"T. 5B, VYA IVEFE, 7=
NENLVEYBIF N, 2-7 b-4-7 x = )VEEEE
IFN, 3-7 b-4-7 = NVEEEEZF L, 7 b-
4-7 = VEEEE, L TC2-7 b-3-7 =0T
o/ —ViREBHERS Mo, —T, NVE
CRICEBIE 2R o HERMA L, Wbk
BRI AEE E R o7, AREFRIZ, 3OLICER
BEEET2ENVEVBEFEHIOH L THIFH L
B, ZORICHEE B 5 7o, ~NF v
REDONPSEOBERELFE T 2V E CEFEHE
TR, KIGEEZELLETLE (4-EFa*
Y7 2= VENE VEED0.54%) . TD LD ITK
BEROEERFRE I BENILL, 2-7 MEOB
KEEIF I B RBYE DD Zerbhr o7z,

(2) 2-7 PELSDL-T I VBEOAK

FEROLWEERRAEEZMMEL, 2-7 M
EREELTREOL-7 I VBEIERSAKL
7o ABEFREHOT, ALHWR7Z A5V T — 24
DERELTDOL-Z72=ATF5=20DHEEST,
TYIAT v YERBEREER T 7 T NVE
DERBERELRDIBL-FET 2=V T T2V )
INRH L ART 52 A TE S, Table 212, &
BLIBEDOL-7 I VBOWEERL, 2-7
b-3-DL-XFLEEEB L U'2-7 b-3-DL-X
FN-3-7zZLVELEVEEERREE LTAKRL
TEEYE, ZThZENL-4 Y a4y BEUL-
Tue4vas4yy, ZLCL-2-73/-3-DL-
AFN-3-7x=NTOEL VBEOBREYTSHS
ZENHLNE R ST,

NADH BARE L THW 3 E@hikERERE
HEIRZ L, FEOBHELE VBT S0 sk
HELLT, MISTAL-TI /BEEKRT S L
MTEN, 72 =2NT 7=V BKFREROILE R
RHIconT, AREE 2RV TRAEMICHN:

DREIDTTHb, ABEFRIZ2-BLU3-7 M
IFNESNC2-7 b=V EEHLE T,
DANRF I NVENEHE L TLETH S Z &
HIBAL 2o 2-7 b-4-7 x = VRS EEH & 2
2 phrbod, 2-7b-5-7 2 = VEERE
MEIRSRT:DIF, HPVEZNVREEH LR
FUNECHEICH I BREOHBENLETHE L
ZRLTw5,

(3) 7 M &GBEEHEICLZL-T2=LT

S DER

B sphaericus SCRC-R79a & Candida boidinii
No. 2201 D7 & b VeztEEEE Wb L-7 = =
NT 7= DERBITIE, L-7 2= VT F7=2D
M A61.5mg/mi(K99%) EL 7z (Fig.2).

(4) 7 z=NT 7 = VBKERER O RICHEHE

HE SN2 ABRORICHEEZFig.3 101",
ZORPWEIRDEY TH 2, Thbb, KEHREZ
NADH DO EY ¥ > BD 4 {ii® pro-SAKFE % ET
ICHV 3 Z &, Sequential % TRICHHEITT
528, ~KEECBOTI VY I VEBUKERE
F, 2OMO7 I/ BBUKFERBEROEE L L
HEOT I VBESIS RS2 &, WL
D LysBEHD Ser ~DEHIC L > THEMRbN
7228, BIURIGHLIIAERENTHZ LT
b5,

4. BbhYIC

AR, 7x=NT = Uik #ERER L Sk
ik REEHDOFIHORA 2R T 25D TH 5,
L-2-73/-4-7z=)EEEE (L-FE 7=V
T7=y) EMOIERABRIL-T I/ BEHFIER <
BRTBIENARETH o7z, L-FOy Yy, L-
2-73/-4-72=)VB&8g, L-2-7 3 /-5-7
TS VEEREDL-72oVT T = Y HRRO I
R MRV D T, RIGHE» SfEfhE L TESICH
DT ZEAHEETH D, RIGHIZE Sk L
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Table 2 Synthesis of L-Amino Acids from 2-Keto Acids by Using
Phenylalanine Dehydrogenase and Formate Dehydrogenase®.
To prevent substrate inhibition, 2-oxo acids have been divided
into portions and added to the reaction mixture not to exceed

50 mM.
Yield
Substrate Product (%)
Phenylpyruvate ‘ L-Phenylalanine >99°
4-Hydroxyphenyl- | L-Tyrosine >99¢
pyruvate [
4-Fluorophenyl- L-4-Fluorophenylalanine >99¢
pyruvate |
2-Keto-4-phenyl- ‘ L-2-Amino-4-phenylbuty- 99¢
butyrate | ric acid
2-Keto-5-phenyl- | L-2-Amino-5-phenyl- i 98*
valerate valeric acid
2-Keto-3-methyl-3- L-2-Amino-3-DL-methyl- i 98
phenylpropionate phenylpropionate ;
2-Keto-nonanoate L-2-Aminononanoic acid | 99"

a: The optical purity of the amino acids were determined to be 100% e.e. by
HPLC (Waters Assoc., equipped with a chiral column, Crownpak CR (+)
(Daicel Co. Ltd, Osaka, Japan) with a solvent system of 0.01 M perchloric
acid. L-Methionine, L-valine, and L-leucine were stoichiometrically syn-
thesized in 0.1 mmol scale from 2-keto-4-methylthiobutyrate, 2-ketoisova-
lerate, and 2-keto-isocaproate, respectively. Amixture of L-isoleucine and
L-allo-isoleucine was from 2-keto-3-DL-methylvalerate, as determined by
an amino acid analyzer (Kyowa Seimitsu, model K-101).

: Synthesized in 8 mmol scale and the yield determined microbiologically.
Anal. Caled. for CeHii NOz : C, 65.44; H, 6.71; N, 8.48%. Found:
C, 65.48; H, 6.71; N, 8.47%. [a]**=-34.1(c =1.72, H:0).

: Synthesized in 6 mmol scale and the yield determined by HPLC. Anal.
Caled. for CoHu NO. : C, 59.66; H, 6.12; N, 7.73%. Found: C,
59.45; H, 6.11; N, 7.69%. [a]*=-7.33 (c =4.6 N HCL).

: Synthesized in 2 mmol scale and the yield was determined by HPLC.

: Synthesized in 39 mmol scale. IR (KBr): vmax 3050, 2950, 2170, 1580,
1520, 1410, 1355, 1320, 1200, 1140, 990, 870, 745, 695, 545, 490cm'.
"H-NMR spectrum of its methyl ester: (CDCls) 6 ppm 1.7 (s, 2H), 1.6-
2.2 (m, 2H) ;2.7 (t, 2H), 3.4(dd,1H), 3.7 (s, 3H), 7.0-7.3 (m,
5H). MS m/z : 179 (relative intensity 4 %), 162 (12), 134 (36), 117
(20), 105 (8), 91 (100), 75 (14), 74 (13), 65 (13), 57 (7), 51 (7), 43
(5). Anal. Caled. for C10Hi3s NO2 @ C, 67.02; H, 7.27; N, 7.80%.
Found: C, 67.02; H, 7.31; N, 7.82%. [a]**=+44.7 (c =1.04, IN
HCI).

: Synthesized in 19 mmol scale. IR (KBr): vmax 3050, 2950, 2600, 2150,
1610, 1590, 1515, 1410, 1330, 750, 710, 700, 660, 530cm~'. 'H-NMR
spectrum of its methyl ester: (CDCl;) 6 ppm1.7 (s, 2H), 1.5-1.9 (m,
2H), 1.5-1.9 (m, 2H), 2.6 (m, 2{), 3.4 (m, 1H), 3.7 (s, 3H),
7.0-7.3 (m, 5H). MS m/z : 193 (relative intensity 92%), 148 (100),
131 (93), 105 (45), 104 (35), 91 (92), 74 (58), 56 (65). Anal. Calcd.
for CnHisNO: : C, 68.37; H, 7.82; N, 7.25%. Found C, 68.12;
H, 7.94: N, 7.29%. [a]*=+39.2 (c¢=1.16, 5NHCI-DMF)

: Synthesized in 2 mmol scale. The amino acid formed was purified by a
column of Dowex X-8 (Cl-), 400 MHz 'H-NMR spectrum (acetone-d6) &
ppm 1.3 and 1.47 (dd (mixture of diastereomeric proton of 3-methyl group),
3H, J=8Hz),3.18-3.3 (m, 1H), 4.01, 4.09 (m, 1H), 7.1-7.45 (m, 5H).

: Synthesized in 20 mmol scale and the yield was determined by HPLC. IR
(KBr) vmax 3100, 2970, 2950, 2880, 1700, 1580, 1510, 1490, 1470, 1130,
860, 825, 590cm™', 'H-NMR spectrum of its methel ester: (CDCl;) &
ppm 0.9 (t, 3H), 1.3-1.5(br,12H), 1.7 (s, 2H), 3.4-3.6 (m, 1H),
3.7 (s, 3H).

Anal. Calced. for CeH1sNO2 : C, 62.39; H, 11.05; N, 8.09%. Found:

C, 62.34; H, 11.38; N, 8.09%. [a]*=+32.2 (c=1.02, acetic acid)

o

o

o Q.

-

o0

=
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Fig.2 Synthesis of L-Phenylalanine by Acetone-

Dried Cells of B. sphaericus SCRCR-79a
and C. boidinii No. 2201. Details of the
conditions are described in the Experi-
mental Section. - @ - : L-phenylalanine;
- O - sodium phenyruvate (PPA).
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THRIGICH WS Z ek, L-7 2= AT 5=
IIREREER, BB ICB U 2 RS, T
b REBEROML S RICHEZR VT L EKRT
B Z stk BROBEMESEZEET L, &
RELTHERAT2 2B T0wE, SEOEK
T, FOIAIRIEH R 5F, BV EHED
L-72=ZVT 7= BEBREER:, 722075
ZVDT X ILEEESS, 7 IVENVE BB R
BREHERED o Lhr o7z, T b U EREE
B, WYBPAPREVESTH 3,

BETHBZAEMC X D KREICEEI N7
=VT 7= VBKEEREEMA VS &, HEHELY
W 2-7 ME» S bERICREOL-7 8
BREART 5 2 etk B2, 3.6gDL-
2-73/-5-7x=VEHEHEBOERERICIZ
5, 760D 7 x = VT T =V ikFERZEZH W
Too CORBEFRZBZI1TIE, BEKRD B sphaericus
SCRC-R79a TI3100Y v ¥ —DEETH#E T 2 &%
Bhid B2, WHEEEHE E. coli ]M109/pBPDHI-
DBL T, bFH120.8Y v ¥ —BEDORETH
it 5,

b, BADPBFELET7 2207 5= U Bik#E

Lys ————

NH,

—~.

Fig.3 Proposed Reaction Mechanism of Phenylalanine Dehydrogenase.
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BEFAURT BRLICHOTREME DN, AREE L%
B AR ERERDOMAF LI LD, Kfiza-7
MEEFERETHL-7 2 VBEOAKREICOVL
Tt Lic ABROMOFIAZEE L TR, RY
foryx3yyary - +E77574—(PET) D
BEFWRCH T 2 201, FEBOBED THE
WBNICXBL-FOyy, L-7z= VT 5=,
L-DOPA FDFEHILICHKINL T3y, £/, &K
BFEEHVIERYA 7Y v 7tk D, Fdo
Z7xZ)VENEVEE, NSERoFy 7=
VEVBOMBERSP, L-7z2=AT7 5=,
L-FOvY Y EDEENAREEL XD, 722017 b
CIRIEDZKE L L TOFIAZEOME TSR
Tn39,

R AEYBERD-7 2 /) RTF ¥ —EORF
EANTHWRORR L 225 D-7 2 /B, D-
73 /B7 I FEOERECHET 3MEICONT
I3, fliEEInine

AWKz Db ichicy, HEHEECH

FMECESELR L BT E T,
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Enzymatic Synthesis of L-Amino Acids from « -Keto Acids

Yasuhisa Asano (Toyama Prefectural University)

The substrate specificity of phenylalanine dehydrogenase (L-phenylalanine: NAD*
oxidoreductase, deaminating (EC1.4.1.20)) from Bacillus sphaericus SCRC-R79a in the
reductive amination reaction was examined with various natural and synthetic 2-and
3-0x0 acids and their analogs. The enzyme was active toward 3-substituted pyruvic acids
with bulky substituents. Optically pure L-phenylalanine and other L-amino acids were
quantitatively synthesized from their oxo-analogs using phenylalanine dehydrogenase,
with a regeneration of NADH by formate dehydrogenase from Candida boidinii No. 2201.
Recombinant phenylalanine dehydrogenase overproduced in Escherichia coli JM109/
pBPDHI1-DBL was effectively used for the syntheses of L-amino acids from unnatural
substrates. L-Phenylalanine could be continuously synthesized for about one month with
the enzymes, packed in a dialysis tube. It is calculated that one mol of phenylalanine
dehydrogenase catalyzed the synthesis of 4.8x10° mol of L-phenylalanine, and 2.4 X 10°
times the weight of L-phenylalanine than that of the enzyme. Acetone-dried cells of B.
sphaericus SCRC-R79a and C. boidinii No. 2201 were also effective for L-phenylalanine

synthesis, providing a simple microbial method of synthesis.



