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B E. TR ERR AR LRSS R L E (Pseudomonas sp. ) 4T T B Z 4L, AR 5t
BRAMEEL L HERBALA> LAARETTHL., LBRAFFRARRZAFT R, AR FILK QL
LK _BERBABREREGMEARLFT %, BEALA LG REpHME N 6.5, mME 4L
EmEHARN PRGNS ARERE N, £50 mmX240 mm BEZRARRELE Y KRB RAEN
0.5 mol/L L-H A& kM ,pH 1 6.5,B% 37 C,HHEE%0.147/h e # T, 44 54
B RICmBTRY Y EREILELE YA, F A FRE 0.0108 g/(h D(HFRELFAEH
BRAmBEEIEEFHORERAE), HALAB T2 E THBEAR, AKREMR, LRSS . &4,
BN H 99% 6 LN RM Bk RIE K ELGH 87N,

X L-REA%; BEME (Pseudomonas sp. ); BRELHENK; EEKEMNE
FESHES:Q815; Q939.9 XWERIND: A

Continuous Production of L-Citrulline by Immobilized Pseudomonas sp.
Cells in Packed Bed Reactor
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Abstract ; Preparation of L-citrulline from L-arginine by the immobilizatioﬁ of Pseudomonas sp,
which was isolated by our laboratory, was studied in this manuscript. Entrapment with L-
carrageenan followed by glutaraldehyde treatment was the best among four of immobilization
methods. The optimal pH for conversion reaction with immobilized cells was 6. 5. The thermo-
stability of L-arginine deiminase was improved after immobilization, Using a column (50 X 240)
packed with the immobilized cells and 0. 5mol/L L-arginine hydrochloride (pH6.5) at dilution
rate of 0.147/h and 37 ‘C, the conversion was continuously operated for 54 days. The mol
conversion yields were above 95%, and the average productivity of the immobilized cells was
0.0108 g/(h » g). Then the effluent was adsorbed by resin 732, eluted with 5% NH; « H,0,
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and concentrated by crystallization. Finally the L-citulline crystal with purity of 99% was

obtained. The recovery rate of entire extraction process was about 87 %.
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L-RERN—FMEEAREER, EAKKE
EHH— T EEFRRHEY. REZ/HEHEIE,
EERR L BERVTUHMRSER, SEFB TR
HERK BRI, R UL & B4R & B R A
BB ERE. FEAFESNER, SERITREHESE
REARMHE RN EEERRBII=EHERLY
RATMNE LR W, L& 5. BB EFERR BT
FEXEER. EARBES L-IERESTAE
R-SERERABEH, BETEIRR/MBR
WREHEFEVNBEMRRAN. TERES5EKR
—E BB E BAER, A B TY %0, WH 30k
TE AL, 75 Bl o2 0 40 G 112 F 088 i 3 A PR 25 M 40 1k
MmN BB ERERER. LKA
BREEERAEMUNESH, NERE B, Flm
BEXAEEENELL, TR DNA 2258 H
BEME, TER—BXRABRBF AN,
WAk, RE BT AEY IR RE B AR (eycli citrulli-
nated peptide CCP) 2 X ¥ R 2 Wi N 7 W R F-1£
bk, A E R X T R BEBRERED Y. Bk, L-
RERERERRD LG MELGRPAREEMN
BRI .

L-MEME R h AW KBS NERENT P2
HEs, HRiMmEFE TR AELES RS KBS
Bk, WEEBARAGAEFRLRAFE SHETR
WIRE, B2 B T =m EE B,
RERET LRERKFHAEHME, HAKRZER
A B Okumura 20 B 45 2 % # #F 8 Bacillus
subtilis ATCC 15563, LA % %48 A JF Rt & B 72 h
BAREMm12g/L. BAMHMEET I ARAAE
¥ B Arthrobacter paraf fineus ¥§ 8.8 ) R &
B 10~25 BRI EH TR REN T EKIR,
ABET72 h = NERR 25.9¢/L, MEEAAMEY
FEMBERSBEIBANEEREEEES
). UBE WHREEAHROER, OFER
HESRARYWE=NER, BB, RANK
A FE R Streptococcus faecalis , =S A
#E Clostridium per fringens ,V§ il X BR 8 Micro-
coccus pygenes , W B Bacillus pyocyaneus , &
RBEME Pseudomonas putida , LB Bakers

yeast Z87101

1971 4¢ Kakimoto & K P H E M B I B 5 M
FRERBHPMEE Pseudomonas putida I B B k5%
kLB EREmEE™ LLER. 1973 £
Yamamoto % % I R B BLAE BE L X EiR G R R 8
B Pseudomonas putida ATCC4359 40 i i 17 B
A EE TR P RHAR, EERBELET
BT LAGA 3 JA, [ 8 A 40 M i BB 1 L 3 S 400 B B
BRE, BN H S A HEERE Strepto-
coccus faecalis NJ402 i 35 40 M A9 X6 & MR IR 0 fi%
B, AT T ML L E R & LNERPM IR
B, KBS A ERNEE kB ELE
EEBRBE Streptococcus faecalis CGMCC1866 4l fd 4
7 L-JREBR, | IR B 112-165 ¢/L L- WA M,
B 2 L B 3 F 2 4 960 h, AT E ik B =4
HRR R T Rz A BS N Ak 1R 5 T B (Pseudomonas sp.
901), L EHRRE A AR N IEY, &£ LKA MM
NH, (B 1), &%t Pseudomonas sp. 901 2l ffl [ &
kﬁ%&@ﬁfhﬂﬂﬂ%%i?‘ LR E M4 T ot

H NJLN/\/\AOH+H O: H N)\M\/\gOPHNH,
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Fig.1 Hydrolyzation of L-Arg to L-Cit by ADI

1 H#HE5F*k

1.1 ##

1.1.1 ## BREME Pseudomonas sp. 901, H
MTERELRERK.

1.1.2 EMENE FRK-MWAHERKHE
MAERARE A LEERERE. LEHAE
PERE R AL L-RE K BR, LA
AT WG R A U b A 5 B b R s
AHE.
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R EF RAAKRREBPARABERE @R EEHE L-AAR 35

#%2.5g/L,4A%® 2.5 g/L,NaCl 5 g/L, Bifig
20 g/L; pH {4 7. 0,121 'C,20 min K,
MTMEEEfE-HEHEI0g/L.EBE
2g/L.BEK 2 g/L. gAML A 5 g/L,NH,Cl
0.6 g/L, K, HPO, 1 g/L, MgSO, « 7 H,0 0.05
g/L,MnSO, « 4H, O 0.01 g/L, FeSO, « 7H, O
0.005 g/L,NaCl 0. 002 g/L; pH {§ 7. 0,121 'C,20
min K&,
1.2 A&
1.2.1 Pseudomonas sp. 901 33k FETE 30 C
EREFH PG 24 h, EARSH 100 mL #F1F
FFHE 1 500 mL =AM H,30 C.180 r/min K
R 24 h, HEBSBSHEFHBEARSE 300
mL REEEE R AW 2 000 mL =M H,30 C,
180 r/min K IEFE 18~24 hE pHEN 7.5 J5#&
E. -
¥ &L 8 000 r/min F B.» 15 min, k15
MR Bk A B K e R A
1.2.2 FhEkaE: HEAREHR —EKE
MAEBEKER . ERER.BHNELBCEL. S
ABBKAHNMERFBRERNET 45 CTRAM
5 RABRZIEMA 0.3 mol/L #§ KCl ER B HE
14 h, NPKBEEETF&EA.
1.2.3 ##Hperi: BEERARHR—E
WENEBEKER ERBER . AARS5EHEEL
KAHMEBRBRRES, ASEEA 0.1 mol/L
CaCLEW P, R B EM RN, REHEIWE
SE 4640 B B8R AR 0. 01 mol/L CaCLIE R ARk 4
h,K¥E/GEF&H.
1.2.4 Wimamk: HHRERHR—EKENE
BEABR - ZHRERBHESERLEKAR B
HEZHBEHS . MABRRFMARR S 1%
M_EERME 2 h, EHYIR, KGEEETEH.
1.2.5 RIHBOLER BR—-—FEBRZLEM
(PVA, MABRBRZBKBR - HEEBE
BRANEZE, SEBLEKAHNEARZRES
B5y, e H A TRER Y R (R R R R I, L K,
CO;i pHE 5. 0~7.0)F, #E 4 h KL . K¥t/m
BTEM. '
1.2.6 Blzitmpitisyx HEURCEEBE
LM A 50 mmX 240 mm WR RS, B F
TCHBAETHELRN (WA 2),0.5 mol/L L-
HEBRLECHMECHONKYERU—ERHEN
HEKBEARME, & L-NEKRKMNEMN L
iR

1—R AR RN R
2— R
3B
—EHE

4
B2 PBREEBTER
Fig.2 Schematic diagram of PBR
1.2.7 L-AA#AR REANHN_ZB—FE-R
BERUEBENEFRBERTH L-RERMESE, R
#k[13].
1.2.8 BRimBfBEmigiEhaae B
5 g BEEAMBER 0.5 ¢ WA KHB M, 5 50 mL
0.5 mol/L #) L-¥§ E B +h® £k (0. 5 mol/L BB 4
Zp¥ pH 6. 5% 37 CRBRBAARN 1 b B
PER(EEARINBETEA=ZEBERALR
B, BEORBWE L-NERSE.
BREELAREDREL ] g HERFER
B L-MNE B M R B (umoD) e X — M E g1k
HHEEEIE BN, 1U = 1 pmol/( g+ h),
BRBHEES/NTHEL] ¢ WEBTERMN L-
JRE BP9 B (umol) i X — A1 B 40 i B
WA, 1U = 1 pmol/( g+ h)

2 #R54
2.1 Pseudomonas sp. 901 HEELH ZHHE
2.1.1 BRAFEeni DUHEEKGEZREN

1096, HLEE 4 M % AL B <€ 0 40 38 Oy B O 3R

BHEACR N 4 MK, 8 R I E B .
2001

' o
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B3 4HERLAEHLER
Fig.3 Comparison of four methods for the preparation
of immobilized Pseudomonas sp. 901 cells
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BLALE AR R A8, BRI KR 3% B KL ]
B % T 5 K 3AY 3 o B s 0 40 R R VR 2 L A3
BRE. ERZABRAENESHIARERRSE
MERPHAKEAR, BHE BN EB TR
B, FAFERERAFRRENEERARNE
B, '

2.1.2 FTHEKOERZAGEYT HEETShHAE
BB, EGEEHEER CTAB BB W&, 7
ISR E B N R R Y =R, RA
B XY B Ak 40 M AT A S, AT A3 B E Ak
e, RELERRARE R, RAUTNE
XA (R DEXRR. HEB A&
BHRMFRERE EEMKRE .CTAB(AREE
MAEEE R-EGEEAEELE RE. &
BR%E2.%3,

B3 HUMAESH

Tab.3 Variance analysis of the conversion reaction

1 ARMKE
Tab.1 Factors and levels
H &
A B C D
K¥ kpmg  Mk®  CTABAE R_miE
bo% -4 587 s % # %#
SB/N%  HB/% S¥/ % S8/ %
1 2 10 0 0.02
2 3 20 0.1 0.1
3 4 30 0.2 0.5

%2 L(¥)EXXBRBHRER
Tab.2 Design and results of L, (3*) orthogonal test

xR B 52 16 40 h
5 A B ¢ HIRgIE/U
1 1 1 1 1 29.96
2 1 2 2 2 83.27
3 1 3 3 3 18.09
4 2 1 2 3 14.51
5 2 2 3 1 41.64
6 2 3 1 2 78.19
7 3 1 3 2 58. 40
8 3 2 1 3 23,55
9 3 3 2 1 67. 64

¥ME 1 43.773  34.287 43,897 46.413

¥ 2 44.773 49.487 55.137 73.283

¥H 3 49.863 54.637 39.377 18.713

BZEZ 6.090 20.350 15.760 54.570

;% SS f FH BEH
A 63.996 2 1.000
B 671.685 2 10.496 P<0.1*"
[ 395.146 2 6.175
D  4467.172 2 69.804 P<<0.05 *
B 64. 00 2

* Foos(2,2) = 19.00 °* Fo.10(2,2) = 9.00

BERMNER 2HRBHREASHESI B H
R 4% R, 302 W & A B4 0.1% CTAB,
0. 1% R M, BXFBEFIAE., FUAKARE
SEEMEXEERENERERRR, BERH
Wi, EEEAARE E LT ARREMK. W
MEIPA AR _BEBSHTRERE T HBE
ERENE W, HRBHEKEFEE S, CTAB A
APE—EER, M RAUREESBARRE D,
BHi GEER, RARESI R INFHK RES
$10% Bk, & B 4 8 0.1% CTAB, & #4 K
0.I%NR-_BHELRAG. EHAGTHENEZ
ARG M 69 U R 95 U,
2.2 Pseudomonas sp. 901 B2 4R BI1E R
2.2.1 pHUésFHEEOLEBZAMEBEENY
% BTABEREAN L-MERR TR
HEFE BEW pH ESF LA, AT e 40 4
AR ., Al 0.5 mol/L BSBR 5 0.5 mol/L B B8
449.0.5 mol/L B4E8 5 0. 5 mol/L B B840 ,0. 5 mol/
LB S 450.5 mol/L BB E —#4,0.5 mol/L
BB S5 0.5 mol/L BEME_H B AR pH
K rh Bk R0, i pH X E S ARABEER
MEFRERMER, B4 XWEpHESG 5 KB
PRONZE vh ik 7 P 1B RE 1L 40 08 O B BR IR U B R
SiB".

-o-RRWUENE
- FBERHR
IOOF - B MM E
- BHMRAENE
80}
D 60f
ﬁ 40 |
20 b
o L 1 1 - |
3.5 45 5.5 6.5 1.5 8.5
pHI&

4 pHHEZERAMEELARBREFHER
Fig. 4 Effects of pH and buffer on enzymatic activity of
immobilized Pseudomonas sp. 901 cells
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KA AF HAAARBEBPERRABERE MR ELEHNE LAASK 37

22,2 EREBEAMNFHRKOEB T AREEYH
Y% BHELFEENBERERKNXE. &

R T ey

EdRESEMEATHAE B LETHREY
BEdgRESEEARBENETN. BEbaKR
WEERMBE SN 45~50 C, MBS 4N 37~
45 °C. 10H B 0 J5 40 BT b i 4 B A T B R A A
BEREER. B - PABEHTRRAH (N
B 6,45 CHHRM 1 hEEZAAIKEE
SEAL B TS R B — 2, H, A TREB K H
BERNFEET, B E 40 MR 5% 10 RNk R 8 E

E#H 37 C.
150r —m—Eekan
120k —o—irEHR
2 ool
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Fig. 5 Effect of temperature on enzymatic activity of
immobilized Pseudomonas sp. 901 cells
MM L 2.8 o AL 40 I O OO N O A 3L, 106 B K
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EhEARARERECRIU 10, R RHPEERLILE.
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Fig. 6 Thermo-stability of immobilized Pseudomonas
sp. 901 cells

2.3 Pseudomonas sp. 901 BE|EE{L AR TS -

iop3- 22214

2.3.1 Biimpemtinmusd BEEh
HAEAEZEERFM 0.5 mol/L JKYIHE M H,37 CTH#
1k, WiE g R L- M EMA R B B k. @l 7 57
AoOEELHMBREN 12 h, WEKEELRER
98% , R R BL BT |, Y M BB E L. H—RE
il 4t 3R = pz Bt (/] & 8~15 h,

2.3.2 BrRitmegiibPedgiit BEEK

0d— " 1

0 10 20 30 40 50
K@ /b

B7 HrtEdg

Fig.7 Time course of batch transformation by immobi-
lized Pseudomonas sp. 901 cells

Kt R .50 mm X 240 mm, 2 H & % 50
mm X 200 mm, §@ & 380 mL, % & 44 200
g IFBEE R, HERE RN 0.5 mol/L (105 g/
DL EREME(pHEG 5, . BXRE. FEWN
EREREE, BHHIHE 600 mL/d (BP 25 mL/h)
B, B E , RO EE A BAER 170 mL, BB ER D
3 0.147/h,

GRME S EERRNFEEELZBEET
54 d,EE/REELBREE SN E,54d FHEFEX
FEaNERR 86.3 g/L 1L 600 mL, BRI 3y 4
Ko ME R 51.8 g, [B % KN A% A 7= 2R 5. 68
g/(L D(BARENESMETNLIERKTE
¥, B AMAEF=IRE 0.0108 g/(h+ g), B8
RAFRBEE LA R ERESERT.

1 J

1 L L
0 10 20 30 40 50 60 70
HAiuetm /d

L3 4: 214}

Fig.8 Time course of continuous transformation by im-
mobilized Pseudomonas sp. 901 cells

2.4 FHH L- ISR .

BEEL g AL A pHE N 405, 1.5
mL/min KB & & 732 BB F i (030 mm X 400
mm) B, W IE R RAE, B FRKRERE
B b, AR B4 30 5 0 9 0K Wk B R B o R
B LA L-RERR, B EE 2 mL/min, %RBEE
i 60 CHEWE &R .CHGR. BEER, B34
BEX99. 1% /9 L- RSB G ik, BN RBUT B R N
87.3%(F 1,
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Tab.4 Recovery rate of L-Citrulline B B ( Pseudomonas sp. 9014, & & 4k 40 5%

#1E -3V L- /i 2 A 2] RN pHE 6.5 MBERPR P ER . BERE
R mL A#/e ®/% % 37 C, EHFHE(50 mmX 240 mm)§,37 CTF
Rl 182 16.3 100 HELEFEL 0.5 mol/L le¥4E = L- N E R, i Bl

g e ¥ 360 15.3 94.1 WERER EWMBHEFE 0. 147/h BELAKRET
W R — 14.2 92.8 54 d SHEW MY R B ARE 95Xk, E
BHR 87.3 EL A= E R 0. 010 8 g/h, Bl & BRI B 284
PR 6.34 g/L « h, BAR T HIF R EREE.

3 2 & MIETRFH KBS 732 FHE TR IERH, &

TR R4 G B BILEEE R 99 0 i) LN R MR &
RAEGHES%0.1% CTABA BB EK, K H BRROKEAR 7%, BAT Tk A
BAR KRR GEREAM. AR 10K iR,
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