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W E BHRTRLABEE(Rhodotorula rubra YWIRFEN T SERE S L EEEEG. LB
REABRERF A (%) - HWEH 0.5, MESTHF 0.5, W 0.5, M _S 4 0.05, L
Phet.05, pH7.0,30°C, 20L REERE P # 15~17h, BREEEEEER - H2.5% Fhoi
18%HWIBEAE. BEFEREN1.0% KPR, 4mol/L BB F, pH10.5,30C , B
B¢ B AL B9 TR 4T85 8 ( Rhodotorula rubra )T I 77. 7% 0 R R W HMEL Y L ETER.

FfiEl BELRABES, LERNER, RANER, « R

LR ER(L-Phe) RARLEY S HERERZ —, BEEFHIUBAH(MEFREAME
I 3T RAEPIRRR A ) A EE FORR A, (7 et 2 I A R 7 (Aspartame) #9 35 2 IR0
Z—o ERBEEWMIFBT L-AFEBRY &R T, R HH M 1981 £ 50, 2
1 1990 4/Y 80001 =43, TEE M HT KT 160 511, B LEFREMEENEHR
WHEELE 4~5 T, AT L-Phe =8, D2WE 7 AW ba s, o
L- RN E BB REF(PAL) S5 L R A SHEEE Y L-Phe B F W2 F . Bruce K. Hamil-
ton 21 Christopher Thomas Evans!® B 58 T & 4L 8% 5 £l B ( Rhodotorula rubra ) H (#)
PAL, #RA T4, REM L-Phe FBRMTHO, A THIETEF VAN, EREF
EMRBMBATEP L-Phe W R, HEFXAMREEHRRXNER(XIFRIER
B SFEFEEHBRHE L ENER Mg,

AT EF L3R N B E R R S G A I 4 B B 1 ( Rhodotorula rubra ME
AXH, R T HEBEAE HEAFGMEL RS,

1 #EAF %

1.1 {¥B5RM
1.1.1 {#:%E NBS, BioFlo IV 201, & & ;752 £ 500606, LS =400 58
ro

KA 7) 808 e FHIRE (S HEE R RFBR LT B 2B 28O Rk
F);BIME(PVA-124, B bR Ry 855, 048 B E A I, iR
B4, % 2F# ( Basingstoke, Hampshie, England) ; B85 R 49148,

EEMPHEE SO AT,
EXT 1996 E t 712 HigH|.
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1.1.3 5 E. BAERE(%).FFEH 0.2, BEAK 0.1, ME#H 0.2, HAE 2,
0.1MPa KB 20min. AL (%) . WHE 0.5, MEHMKO.5. ¥ 0.5, B4 — &
#10.05, L- & 0.05, pH7.0,0.1MPa K 20min.

1.2 H&%

1.2.1 FRAAERMIE: & 278mm ﬁhfiﬂ%"ﬁl&ﬁmo

1.2.2 FEEENBIMIE . BHEBMBRBLE MM E HER 18- 200 MBS RERS
8000r/min -0 10min ISR EIR B & 0.02mol/L pHS.8 BB miElk SiF % 1 K,
Blis, BREER. ¥ 0.2¢ BEEE 10ml K S, M 1ml 0.5% (NH,),S0, #l &
W, 30 2m] pH11.0, dmol/L B BFH1 1.5% K X B RS, ] Parafilm #H O, 30C &%
A 2h, 4000r/min B§.Lr Smin, B - W02 KX NEEA R,

Bt ARFLEINEE . HF g EELBBT 10m] FHHEP, 11 1ml 0.5%

(NH,);804, 2ml pH10.5 4mol/L 83T 1.5% EMIBER, SEHMO, 30T ESGE W Sh, i
3, B LEME R AT BRI’
1.2.3 BEIReFE: FHEESLAR. 2.5z 98 K-RIEM 75ml H,0, 40T #$#%
BAL, 30CHREB; X 18 ME KM Tml H,O S B, 30C RiB, HHERM FRBEE S
5, i 8* FEHE LW A 0.15mol/L K,SO, I8H T, 1B H 249 2mm RBIE, 4CHE
W 0.1% N BE L FRIRRL 30min, EFRF L,

BB RS EEMIL1.33¢(F 2.5g) I Z B B4 75ml 1% Tk BERR I, 1%
PR R 18g REFEN Tml O MR BH, SRZBFELEIERR Y S, Bt 6F gt
FEMA 2% pHY.2 EHBEHIEK T, WE 1h,

BRMECLAIE. 6g BZARIN 75ml H,0, 80T B 15 ; 182 M & & i) Tml
HORRBE, SKZEEHFREEHY, B s  HE4 LBA sBWEARY, MR E
%49 2mm BBIRL. '

1.2.4 BHREPHEHSEORNE. HHEEGRSNE, 2% TR(7],

2 #R54%

:.1 ENBPHINETHELHSXRIBBNFHLEHHTY
BAEZTZEXWEHRE . BEARMESRIYE 3 MKF0.5,1.0,1.5%)# 7 T%
B ARARE LUWEEMEENEEB, HRXENGERY, B/ EBEEOK, MAS
BRER/DET. BT —~AER, AMEHE, SUNES Gk, S RnES%, 4%
MEREN0.5%, FREX IR REM—F, FEHBHD TR, HPUEEETE
AROERAR, RN ESHBER A0 S%HEEN s0%., ANEELNAR
RER(%) MEWO.5S, MEQK1.0,B8% 0.5, B8 S8 0.05, L-ENE# 0.05,
»H7.0,
.2 REREXERFELEIHER
E20L MREEIIAN 141 HE, Ll 3% M s f 84 A\ B0 R B B, 30°C 3%
R.o22h &b &8, WE 1 PR, 1I9n HEEEKHEAREN, B NEEEKR 15h 6
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KPR, 17h DS R TR R BHEWE T HREN L, RIART 150 i, HEEC
BB, Xt — iR HEENTERY PAL FIER.

N1

HREDHARNWELEERNELTISR

Table 1 Orthogonal layout of effect of organic nuirients on enzyme activity

No. Glucose/ % Tryplone/ % Yeast exlracef % Conversion yield/ %
1 0.5 0.5 0.5 60.0
2 0.5 1.0 1.0 56.9
3 0.5 1.5 1.5 55.6
4 1.8 0.5 1.0 39.9
5 1.0 1.0 i.5 32.5
6 1.0 1.5 0.5 9.1
7 1.5 0.5 1.5 32.3
8 1.5 1.0 0.5 36.2
9 1.5 1.5 1.0 33.1

Ko 5= 172.5 Kos=132.2 Ko.s=135.0

K o=111.5 K o=125.6 Kio=129.9

K, 5=101.6 K, ,=127.8 K, s=120.4
Range 70.9 6.6 14.6

Fermentations were carried out as 141 fed-batch fermentation in medium (% ) : glucose 0.5, tryptone 0. 5, yeast extract 0. 5,

KH,PO, 0.05, L-Phe 0.05, pH?.0, T 30C

2.3 BRI ENEE

WET 3 FEEMNE, H
4 By EFTESE L U
1.5% 9 B 2 % P34 B2 0 I
W, R T S #Ek, &
R(FX2)FW, B 2.5% FH
BB SE AL BR AL R T A B, 5%
tERE, BEHRT.

2.4 BENEMELENHE
o)

ME2FES, &R
Humn & 2 e MR s # L 3R
EF AN ER, BRI R &
HIEESERETE TR, ¥
BB R Shin L AR
&R B S K, 40h LS HF
YT R B LR R i
78 15h ¥ E PR R K
T Z2ERFHEES TR,

5.0 - 2.0 m 100.0
4.0 J 1.6

g - s0.0
0 —11.2 &

-]

:
20 — 0.8

3 eo
1.0 — 0.4

i o, i 0 -l 40.0
:,g 80 W0 159 200 250

i/

*
M1 EEnEMNERCEIHEW

Fig.-1 Effect of ferment time on conversion

—a— Concentration of glucose,
—eo - Cell density,
— & — Relative initial conversion rate

[1]The conditions of culture were the same as Table 1.

[2]Reaction contained in 3mi:0.2g wet cells, 4mol/L NH, ,
1.0% trans-cinnamic acid, pH11.

Reactions were run at 30C Zh.
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F2 EECHAMECENRNBTENES

.00
100.0 Table 2 Effect of immobilization material
80.00T on conversion and satbility
b
k] terial
£ 60.00 Rate/ % N . .
Ch Chi
§ PAV-124 osan itasan  Carrageenan
§ 40,00 f1.33% /2.5% [2.5%
-] No.
(¥}
20.00 1st. batch 59.0 31.0 63.3 74.0
i I |
0.00 10:00 20-00 30.00 10.00 SElDD 2nd. batch 54.9 36.4 60.0 74.2
t/'h
3rd. batch 52.8 38.8 57.8 7.7
B2 EEWEusitRyiEs 4th. batch 65.1 40.0 49.6 77.7
Fig.2 Conversion of trans-cimnamic acid Sth. batch 62.3 . 36.8 48.3 70.3

to L-Phe by R. rubra cells

[ 1]1The reaction for free cells contained in 3ml.
0.2g wet cells, dmol/L. NH; , 1.0% trans-cin-
namic acid, pH11. Reactions were run at 30°C . 2.5 ﬁﬁﬁmgiﬁﬂ’]i’m

() R4 A4 B BLTE 30C E 60T 6 HHRE T #
(2] The reaction for immobilized cells contained I8 Th, RIG W EMMNLEE L, EMBFEVMH BT
n 10mi: 0. 2l immobilized ecls/rl, 4mol/L - gty Gy R K, B4 IR L1 FE 0 1R 85, BRI LBE )
Nl-‘l: .1.90% trans-cinnamic acid, pH10. 5. Re- B, 60T 1218 1h, 5T ILENE(E 3).

actions were run at 30T (1B}

Reaction contained in 10m: 0, 2ml immobilized cells/ml, 4. 0ml/L NH; ,

1.0% transcinnamic acid, pH10. 5. Reactions were run at 30T 15.

100. 06

B0. 0]

3
g

Conversion rate/%
L
[=3
[~
[=]

D. D01 1 L A
20.00 30.00 40.00 50.00

| r/e
Ha4 BEMFELHEH

Fig.4 Effect of temperature on immobi-

Conversion tate/%

lized PAL conversion of trans-cinnamic acid

: 1 into L-Phe
30.00 £0.00 50,00 69.00
7/C The reaction ¢ontained in 10ml; 0.2mL immobi-
B3 b FE A PAL BE R BN lized cells/mt, 4meal/1. NHY , 1. 0% trans-cin-
Fig.3 Effect of heat treatment on PAL namic acid, pH10. 5. Reactions were run ac 30T
activation sh.
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2.6 ERELHER

2.6.1 BEIHILOTE . LR T RS LMMIE 20C F S0C ARIEE Foose i, A
® 4 qABRIERE R 30T,

106. 00 100.00
80. W[
80. 00 X
T 2 60.00}
g g™
560,00 g
a 5 40. 00
[~
=3
& 4000 “ 2000
20, 00 i IR B B T 0.00 \ ! 1 ! |
8.00 9.50 10.00 10.50 11.00 11.50 0.00 4.00 B8.00 1200 16.00 20.00
pH Trans cinnamic  acid/mg » mi™'
fIS prAHLEER P B U JE XS B2 A
Fig. 5 Effect of pH on trans-cinnamic Me KR ﬁ‘ i
acid conversion to L-Phe ﬁ-%{tﬁi LEFE _#I " )
{1} The reaction for free cells were the same a8 Fig.6 Effeci of trans-cinnamic acid con-
Fia.1 centration on conversion to L-Phe by im-
[2)The reaction for immobilized cells were the mobilized R . rubra cells
same as Fig, 4 2.6.2 pHM¥{bfyem . LRZR(E 5)EMH,

pH X & (L A A0 i A B R R 8, B2
LARRRAY RS pH 7E 10.5, P RS A0 MU B9 £ 38 pH ¥

100. 00

80. G0 11.0
'x - <o
o0 2.6.3 JRYKBEXE RO I S AL M
fow IR R AT L TR, (T 6) B,
£20.0 WRBEKT 10mg/ml B, 3 45 A0 X4 W% 17 4 00 )

BT,

L0 2W MW S0 2.6.4 BIERTRLI B ST IF N
B —, EmMERE N ZARNT L-Phe R,
BT wm e OB O R R R 8 T oK B 6 R AT 8% 1,
Fig.7 Effect of NH; concentration on ZRpE 7N MEEREENERHLELRS,
trans-cinnamid acid conversion to HEEEEKRT 4mol/L 5, UL KHB TR, B

L-Phe R, SZL8 % Rodotorula glutinis 7714,
I 21 8 B ( Rhodotorula rubra ) A & F
PAL,PAL ME L ZH{HZETHHENE WG, B RERBTRAWHEE, dikagERN
RECEEW, (€ pHI.0~11.5 H9%&MET, PAL BEMEL R A WEREL N L-Phe, HE
WRERT 10mg/ml 85, S ZQEY XS L P EWHA Y, PAL X8R, that 3 3¢
I ERTEH MK, PAL NATA N EEME R REEEMEEEOEE,

FAHE & A B TR AN E A F B R s A ),
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Biotransformation of Trans-cinnamic Acid to L-phenylalanine
Using Immobilized Whole Rhodotorula rubra Cells

Chu Runai Qian Yue LiSiyun Cheng Peiying Yuan Zhongyi
{ Shanghai Institute of Biochemistry, Academic Sinica, Shanghai  200031)

Abstract The biotransformation of trans-cinnamic acid to L-phenylalanine has been studied using
phenylalanine ammonia-lyase{ PAL)-containing Rhodotorala rubra . The strains were grown and ful-
ly induced for PAL in medium containing: 0. 5% glucose, 0. 5% tryptone, . 5% yveast extract, 0.
05% KH,PO,,0.05% 1-Phe, pH7.0. Cultures were grown at 30T in 20L fermenter and harvested
after 15~ 17h growth. For immobilized Rhodotorala rubra cells, maximum conversion degrees were
observed using in the trans-cinnamic acid concentration of 1.0% , 4mol/L NH,OH. The optimum pH
and temperaturefor conversion are 10. 5 and 30°C . The best immobilized material and method was
that 18% wet cell was immobilized in 2.5% k-carrageenin solution. The k-carrageenin tmmobilized

Rhodotorala rubra cells could convert 77.7% trans-cinnamic acid to L-phenylanlanine.

Key words  Rhodotorala rubra, immotilized, 1.-phenylalanine, trans-cinnamic acid x-car-

rageenin
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