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Production of 5-GMP from Glucose by Coupling Reaction between Corynebacterium
ammoniagenes and Self-Cloned Escherichia coli —Monograph—
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Nisur® (Research and Development Division' and Biochemical Division,? 1-6-1 Otemachi, Chiyoda-ku, Tokyo
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Kiiakyushu, Fukuoka 800-8585%; Tokyo Research Laboratories, 3-6-6 Asahimachi, Machida, Tokyo 194-
8533,% Kyowa Hakko Kogyo Co., Lid.) Seibutsu-kogaku 77: 104-112, 1999.

An enzymatic process for the production of 5-guanylic acid (GMP), a flavoring nucleotide, was
developed. Since it is difficult to produce GMP by direct fermentation, we examined a method of
fermentatively producing 5-xyanthilic acid (XMP), a precursor of GMP, first, and then enzymati-
cally aminating XMP to produce GMP. The amination reaction is catalyzed by GMP synthetase (or
XMP aminase) and requires ATP. As ATP is very expensive, we developed a means of producing
GMP from XMP without the need to add ATP by regenerating and repeatedly using a catalytic
amount of ATP. In the reaction to regenerate ATP, a “resting cell”—that is a bacterial cell in which
the permeation barrier against nucleotides is removed by treating the cell with a surfactant—was used
as an enzyme source. First, we developed a self-coupling reaction in which the ATP-regenerating
and GMP synthetase activities possessed by resting cells of Corynebacterium ammoniagenes were utilized.
This enabled the XMP fermentation liquor and the culture liquor of the converting strain to be
utilized as sources of XMP and GMP synthetase, respectively. Next, we developed a process to
make use of the ATP-regenerating activity possessed by the cells after XMP fermentation. In this
process, we employed E. coli whose GMP synthetase activity was enhanced 370-fold compared with
that of the host by self-cloning as a source of GMP synthetase. Establishment of this coupling
reaction between different cells, in which ATP (and AMP) is exchanged between resting cells of an
XMP-producing strain and a small amount of Escherichia coli resting cells, made it possible to in-
crease the ratio of the XMP fermentation liquor and to greatly improve the GMP productivity.
Also, since GMP could be produced from glucose using a single fermentor, a process seemingly very
close to direct fermentation was established. Application of the process to the production of 5-ino-
sinic acid (IMP) and CDP-choline is also briefly discussed.

[Key words: 5-guanylic acid (GMP), ATP, regeneration, 5-inosinic acid (IMP), 5-xan-
thylic acid (XMP), CDP-choline, coupling reaction, resting cell, guad, recombinant DNA,
self-cloning]
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IMP D23 TH B EDRFMBRTNE.DZDLS
12, GMP & IMP &5 MSG & D AE R THVER
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D, M2 vAF NeEbCTERET F vEEIhT
W5,

I. EB0O GMP 4E70€X

GMP ZFEHE LTORABRKE RV SR TEE, X
ALT3SEEDORN 2 TEMNEE T v ¢ ADHKEIh
7o, BEREO RNA R BRI LT GMP %4 ET 5
7 rA (RNADE)D BRACEREIh, RT,
FeRELE CILAEEDREE /. GMP D D it F Dl ) vk
) CThr 777 v/ e REEEE L, L3 VML
T57rer (LFW) VEMEE)Y BER I .
b, FEECHNICEREE AR 5-F v F
Vg (LAF XMP) % REEEEL, ZheBRMCT 3
M BT rer (BEEH7 I 7B RERLIH
oo IRbDOFERIEERENEERL D HH, BRFHT
ALER ) VB LR T L AR ERERE IR
TWh. K THBECOWTE LD

I. BEN7 /{7 0eX0BE

GMP i1 7)) v AR L XMP ORICAET 51k
W THH, GMP EREFE (54 XMPaminase) 1Z
5XMPD7 i Mbic I v ART A GR1). [BENT
I XA CGMPAE T R A 1, COBERIGY
FIBT5HETH D, XMPHRELERBRE (7 3 /1L
RIG) bish. 77 r e 2DHEL RS,

XMP+NH;+ATP
—GMP+AMP + pyrophosphoric acid (3 1)

I-1. XMP%E BBREECIIAVLRTNS
Corynebacterium ammoniagenes (|2 Brevibacterium ammoniagenes)
EBRE L, DTO X5 /mE/ET X H XMP EEEDE
REHrB.9 9, XMP ORBHER BT 2 720
GMP GREB R KIBI R ElEBERE LA (Fig. 1).
D XS BEREOERICIL, BT guanine RN
T 5 LI XD salvage HHCREER T GMP #fliff T%
HTERMA L (77 = vERKKOER). 1,

Adenine
g
AMP —» ATP
Biosynthetic pathway }\(‘
Gm;;t:n:':iozlsz \ Dele of GMP synthetase
XMP—-ﬁ* GMP-p GDP =»GTP

T*
Guanine

Accumulation of XMP

% : Salvage pathway
Fig. 1. XMP accumulation by a mutant of C. ammoniagenes
(adel, gua~, Mnl, NtV).
I ERCBETAIMP LT F=vR2 7 vAF R
&S B BB %  RIRRC R L. AMP, ATP
EDT T = v RWBEOMED, M adenine H ¥
35z ik b salvage ERBHTHETH D Z &
ERA LI (77 = vEREROBERE). ik, Z0X
51 LCHM LR B A R %, guanine ¥ X
O adenine FlIfR M FCREET A LIt b, 7Y v
BRARD7 4 — VS 7HIHlEBRRT S 2 LA TE,
XMP &G RIESE S KIECRE I Wl R B L h 5.
IBE, MEDT BB VBRSO R 7 v
F NORRES AR L OB D, BEETR 7 vES
FAERIL o L. CoOMEYRET AR
¥, C. ammoniagenes D RIEM R EHOFTELRL, £
BEMBECE b0V F THES & s o e EREKR A
Bl (R7vrs s - CEGRMHEEKOERE). Lk
DX 5 IcERREZ B CERKROBN L, XMP mEE
6z ) TN ERY (h
¥, GMP DEERBEAECOWTHEH Ih T
5. L»L, GMP#EREI¥ 5oy, (1) GMP
235 GDP %A T % GDP AREER % K& I w1 RGH
RIS ARG (REEREZRE) HBRETHL,
GDP A REE I 5 GDP DR ER M I\ b,
BRI DNERT T & 7o\, (2) GMP i3 RNA DR
THHEET) VR IV F VESREEERRS TH
Blcd, TOEABRICOWTIIEE L\ A » = XA
FEL, @Ry LYy, ) 2FRRY vEBEREEYE TS
BUKEWE TH 5 el RERE AT D, ok
DFFPRNEERIBEELN D 572D, Zh ¥ CHERBEC
Lo TEEDGMP ¥ERE IR LV I WAL,
I-2. ERBRE  XMP 225 GMP Azl GMP
ERBERICL5—BEORIGTHAHH, NIRRT L)
ARG TIREE & LT XMP L3S e 10 ATP 23
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ATP 3 Efli7c B Ch 1, ATP #ER & LTH
B MM EERIG T 2 A TlE, GMP ® =22 ki
KA I D EEEFME LCQIRIZL LS. ZOME
LATP ¥ LB L THEABEBRYMBEECHR 55
BIBOBKTH Y, KEKETLIOKINLETED
XELEFRIBRF IR TEL.

M. FEBEEZAVS ATP &5

ATP ¥ LB LT HBERRIGICE T, EELLT
ATP V2R i, BEYD ATP £EFIEME T
A LTADP(H L ILAMP) »5H ATP 24 L, 2E
DATP % VR LFIAT A Lo RELTH3FSF
AEMERH IR TE . BROMEREZFALT
ATP % B3 5 FHETD R, Escherichia coli DEEERF 7 —
EEEEFIHTAHECD I EThD. AlRd T,
ATP A B EIEMEA BRI oM CH % C. ammoniagenes D
7va— AREEREFIR L ATP £ &R & OHE
BIGRIZ X 2R EB~5%.

INa—AuRELTATP R EAK (BE) 5%
DINIEROBRVLETH HIcD, Bl LIcBRYE
LZELETHCIHEXERN TR, LRI
TOBRERFEL TV 2EBLOLOXEREE LTH
WhHT LB DL, EETHSH XMP REEY
THHGCGMP I ED R 7 VT FIZBANETH Y, Bk
HOMIEL BB LIS\, Tk, BELZOLOYE
RE LT 5D EANMN FAESBREL 0D, RE
BRI, SEME, BREA L EEBoERIC X 5 0=
COERE LIRER, REEHAICAL R ) A+ v =T
vy e AFT7UAT 3V (LUF POESA) WERITH S
ZER RV L. D POESA LEHE OB AL, KEHEE
BEEA RS TWHI ENLBIICHEEIITET, Wb

XMP —&-)XMP+NH3+ATP ->GMP+AMP+PPi -‘-) GMP

|
2Pi
ADP

TCA Cycle] { co
+ 2

> H,0
ETS | Aids

Glucose = Glucose 3-Glycolytic }{

pathway

(ATP regeneration system)

Fig. 2. Outline of GMP production by self-coupling reac-
tion. ®:XMP and GMP can permeate through the cell
membrane treated with 4 mg/ml polyoxyethylene stearyl-
amine (POESA).

5 [#IEEGE] ORBe b 5. BILEED, EH)THE
BEAT AN, D TFEOKREERIPTCHERF L-E
FThHhDY, HnbSABORERLTIENTES.

V. BOHEERIEGE: BE—ofILEGZzAV3

g7 0tx

C. ammoniagenes DBARIY, ATPASE (FB4) HEHL
iz GMP A REERTESEZREF LT D, POESA UHE
1T » CTEBEBEEECRTLF0EEN B bh b
ZEtishh ot Lo T, C. ammoniagenes % E5% L,
ZDE L POESA &k B X ¢ TR ILEAL,
XMP 7255 GMP ~DE#EN: & ATP BAEE O S
PRFELTEY, B—0O#IEEATGMP EEHFRET
B5E. ZOFHE, BIEEAICE VT XMP 2>H GMP
NOEMFILE, ATP #BF4ET 5 7V 2 — ARBRK
JGREDR*BET B -T, PEDATPEDIRL
FRIND D, FIEEECHEE L TRHbAEh A ATP
DEETHDORTERED GMP BB T A Lt 5.
TOLS BT L AREREREYUT [ BEE#
Rkl E#35 (Fig. 2).

H & RUGR Tk ATP B4 RTEM L GMP & KB
EEME LB Tw5. Lich > T, GMP AEDAE
WA B B Iod il GMP AREEREN DML B %)
ThbH. £2T, GMP AHEREDIHEHTH S decoyi-
nine X T A MR A LB 8L, £ OHr HEHRE
PR 2 i b S B Bk a 57, 1219,

V. ERRIEOERIER

V-1. BERREE70RAOHE HIEEERRG
X B GMPAREY » AL, XMP KR, EAEREE,
BIOEBRRGHS5. X EAERCE, %3 XMP
REEAIT\, RERD D XMP 285835, —7F, &
HEER L, TOERRKR» RO ST X Y EEY
B5. R\T, XMP LEAY 7V a— AL OMORIG
3 % & AT IRD 5 X RE L, &K POESA
UL, pH,RE, BXE, EBHECEHIELRAOR
w175 .

Lo LCERBEHS RS &, BB XMP %
B4 TEYER T I TERNRD L, £, &%
i, B=AAF -1l DAYy bAELBLDA
WERSDSH. AT, BRERCOWTS, BRI
TRYER LEGEERYEERAS 7 r  ADBOLT
HEZDAY » MIKEW. 2T, XMPEE LTh
BURBALE U7 XMP BER Y, TBRRLE LTER
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WEBERY, ThZhEZRVA 7 e A (RERERE
FH7 e 22) OMBIRHEAL (Fig. 3).

V-2. BMRICOEHFT  REREESERH 7 -
TARNELL DAY » bBBH BN, BERCHERT DX
¥ IEREHERY (OB OBNLEE GG T)
FTARTERRICRCEDATNE. ERlLo®iIIL,
TRHDOYELETT A LT L - THICRE LIRS
BRIVEON D EUEYRTETHLEID - .

(A) GMP SGRBERGICHELZRETEY
XMP R L OHBREERYERER T2, &
BRE L bERFICRPICRELIA T h T GMP A BEE
BBy JFTRF 23~ (Fig. 4).19

(1) Mg4#+v  GMPEREFEL, Mg/ 4 v
WED=a7 7 78— LTERTAH. MgM A Vixd¥E
SE IS A 4 v LI RIG L, AElES L
RO R T 570 £, BREIGRIC S\ THEME
EHERT. ixiE, GMPAEREBERIE (XR1)o
fER AT % pyrophosphoric acid (PPi) & L2 G
LT, BE¥MED magnesium pyrophosphate (MgPPi)
ammonium magnesium phosphate (NH,MgPO,) % 453
He TRHDZ ENRMg 1 A v OBEYTHBECHESC
LB T 5.

(2) vV vVERA 4 v Y VEEA A v BB FEI
BHThHo7. T, ABROERILY vBRA 4+ ViIC L
HWBHE XN 5. 19— PPill, pyrophosphatase |2 X D4
fRINT, ATPEERDY VBRI 4+ VIEE LTCHEFIHE
INBED, BEOATP WEETHEE ATP LK
WD) VBEXZIRM STV EY Y VER, TFFHEY
) vBRIs EDRY ) vEERTUEL GR2) TAREBE LS.

(B) ATP £EHENHICHEBARETEF HCOH
BRI BT B C. ammoniagenes DER IFBEAED ATP 44
BUEME, UV VERA A v E Mg A A VDBEEAS VAT
L OHBEERZTH. WO Mg A 4 VIBEN Y VEEA
FvOEENEEY B - 54, ATP AR EILT

XMP fermentation
(C. ammoniagenes) I

Sterilization

XMP—-GMP

Mixture conversion reaction

Cultivation of

converting cells "

Fig. 3. Outline of GMP production from glucose by a com-
bination of XMP fermentation and self-coupling enzy-
matic reaction. XMP-producing strain: C. ammoniagenes
KY13215 (ade, gua~, Mn!, Nt"). Converting strain: C.
ammoniagenes KY 13510 (dec’, T, Ni').

L. =7, VVEBA A VREN Mg (1 + VIEE Y FE-
e E, ATPABULEESNS.

C) Vo BA AL &EMg A AL OWMEEE Vv
A A VR Y VB hIAEh A LIt - T, Y
VEREEMETTA. ¥, £V ) vBOEBIEIRG
DRERIGAE o wh, EECZCI0 L5 LTHEIR
TRV ) vBR2lESEA A v oF L —x— L LTH
<. ThbbBBEEOBEOARIEE, BRCME LT
HidE i Mg A 4 v O EbTs okl U TRIGK BB
D Mg 1 A v DREMEROBE LR IT. LipisT
YY) VEEDNEET B 2 L H GMP SEEE O R
CEDLDTEETHHZ EDHLN LT -7 (Fig. 4).

GMP GRERRIGDORBRAERT 5 PPiys, V) VERA
VIR TEFR IR A2, Mg A 4 v L 8EEDE
BT B0, BHEHEY V) VEEE T o TR Mg
A4 v OREMHEFCE »0d, KGHRELEATHER
THHN, THIEEE LT COMP §REREN & ATP
BEREEE OB AT VAR I VBRES., D b
i, ABEBIGOBRD, XMP RESCHGREEOEH,
L) BRIz e b OB HEbiA b ik
DMgAF+ve) VM A+ VOBDEENC L »TKEL
FEINH LR LT,

(D) BIRE®R  GMP AREBREMRIL, BEED)
VERA A VIR X WIEES RS D, V) VER A VEEN
BUREBTILIGMP RERRIGIC I Y EE IS
ATPEZ K& EELEBD ATP HMEEIh Az LicTe
L. ZOX5RRT T, ATPOBBRIERE D
5NEXRY Y VBAERA R2) RGP ARR (K3)
DERICE . Likeh-T, Mg+ v &) vVEEA 4 v
EDAT VALY HEOZ LN, KE LT GMP 4
w115 5 2 CBDEMH LS.

P(n) + ATP"P(H..{_ 1) +ADP

*2)

XMP
GMP

GDP

PPi GTP
/

v G3P
polyP

Fig. 4. Interaction between phosphate and magnesium ions
during conversion of XMP to GMP.
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GMP (guanosine 5~monophospate)+ATP
—G3P (guanosine 5-monophosphate

3'-diphosphate)+ AMP X3)

—7, XMP R L BRBERERYBEETRT554,
BRERSLCAEEDO Mg 4 A VERIO) vg( + v E
DHLBERE TS BT ORT, BT LTk
KRELEETAHZ LD S, Lich»T, RIGKDPOW
AFVORENEE L TH L OEEZ TR TE B 5
DHREBERTHZ LD, ERLOLDULEADEHT
%07"\:.

(E) 74+ F B BERRES7 A AORECEF
iR X 5w, BEIETAEY ) VEELEEMED Mg 1 4
VEEREOBEXETHI LALLM o L L,
) VA A VEERS Mg A A VBB LAY ) VEEH
OEENERINS D, BRELUUERRIGKSO
TR VBBAF VREIP=R 7RV T 24 F VOREY
HE—BILFEOZ L L, BEESHOERERE e
T, 22T, AV ) vEBfb o roREro L
ALEMEBREL, ALY vEEROF LV —  RITHDH 7
4 FVBBERTHL Ex RIS L. RIGRIZ 7 4
FYBERHMTAZ LD, Mg A v E) VBT &
vEDBMIHEERZEBYA Z LN TE, Thth
DEEYHICRL S Lol o, FOREE, WA+
VOREY FNFNEBCHEOENER L Isotlel &
225, HERIGEEYE VSV TRELNIR S Z 0
T, BRRICEEDOZEIIRE L In - 7. 19

Dl Eost ofER, XMP RER & L OCIRE A5 E
R BEEFHT 2 BCRERIE T v £ ARERMEER
ik LTI T AR - e,

V. EEARHERG

HO®BERIE 7 7 2 AT B\ TIL, XMP FEBEK &%
BRAERR L ZSERETORE L, SOLPBROKR
IS BRI U CBEBRIGHIT Y. Lieh-T, X
JEBAAAEE D XMP JEEE 13 XMP FsEAR T B DYREE D))
UTFweisb. KSawADEERY ILEHET A D
ik, CELAMRVIEBEES LD 2B8EXES L,
XMP REEROBE BT UVELDH B, TORDIIL,
R O GMP S HEFRIEN: & ATP BABRFROER
ZRRFCELT 2 0ENH 5.

¥ 2 DNARMOERIC X b, BEOBRIEME %M
bF5Z LB LTEDHBERBLIILOI S5 -
2. GMP GREROBRER > VT, BhT5 L5

R O REE S RIS L, BRI K
BB E ST, Lo L ATP BARER RO
TiY, M¥z DNABffia @A LT d KB/ EERE®EIL
W2 bt SROBEENESETHI0 L5 K
EROEE, BEOEREE LML L TL T CROBER
DVEETEEEHE & LT LT B Ted, T & 2 M OH R
FoEMY KBCBLTERLE LTS, ATP BARSE
e LTOBEHRIAREIERLEWEEZ DR DD D
THhDH. Lich-T, Mtz DNABEROBEHYZERIC
AN T WEE Y RARRCEET 5 & 38 L <, HRE
DREBWRE L KBCHIIT 2 BB LB hich - 1.
Trw Ak WVEMCT S L, BRRIGRCHET
s ATP G BIER Y BATHHEXYERTHZ LK
R T v AR BT HHETH - .

OB, XMP LEH (C. ammoniagenes) D3RFF L
T 5% ATP A AR FIFT% &\ 5 B X Rk
DTREME A R\ 72 Lz (Fig.5). HOH&ERIE 7 » €A
i, AR X 51 XMP B & LT XMP FEWR % T
WABD, IIBMREIEIC X b XMP AEEARE L TRY,
XMP BEBRBHXOBEETADFIHL Cich -k
(Fig. 3). LA L, XMP HEHE TR RICE W TH XMP
AFEBEIIE N o ATP £ GBESEEZREL TR D, LD
BN ERFCR S CHATE R EEL LT
7o. XMP HER TRESOEMAE L, HORERIGER
BT AR (C. ammonzagenes) DEHRE L BITAZETH
LT EMD, ATPASBIERZENCL T Th -7
—77, XMP A EEL, B0 &< GMP AREEH#
HRELTS (Fig. 1). Liedi-T, XMPAEEED
ATP AAREEXFIR T 2B 5 S BEHEEIINETDH
B, FEROEBRENE—DOEMEKIC X - TATP A

1. Self-coupling reaction system

Precursor » Product

Ve T
CO, ATP ADP
HO 1« L — Glucose
Acids

C. ammoniagenes
2. Coupling reaction between two different cells

Precursor — = P Product
ATP ADP
T v .
ATP app B
y t
co, ATP ADP
H,0 |« LS - Glucose
Acids

C. ammoniagenes

Fig. 5. Schematic comparison of self-coupling reaction and
coupling reaction between two different cells.
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G & GMP BREERTE O T & 5 L T\ e Dt
L, ZOBEXGMP AREERENE DRt ud X
Wl A.

GMP S REERICIR O THE—DOBRE® LML T 51
X, Mz DNABMAHOAHERS - & bEN
W L& L, C. ammoniagenes D&Y, E. coli DBEIZ
& DNA BIED DDA WATRBEET THE - T
W, GMP & BB DEEIC E. coli % A\ 5 %
R . CORET R AT, XMPAEETHSD
C. ammoniagenes DEFIFHAE% F\VT AMP 225 ATP ~D
BEYIT\, TO ATP ¥ T E. coli B IEE KD
GMP &R EEER 2N XMP 75 b GMP ~DEE# % 1T 5 .
GMP &I - TH U D AMP IZE O XMP A ER O
FIEEAIC L ) ATPICBE IR, BOERLERAINS.
ZORIGRAERE L T GMP 2 BB T 5 dicit, C
ammoniagenes & E. coli D& FEEKRT ATP & AMP %%
DENTAHZENARETRTNE LRV 20X 5L,
QDR HFIEEAR CHET 5 RIERY [ REAKH
HEFR] g Lic (Fig. 6).

R AR RER BT U, BRI\ T
DELEREORRKRE L, W0 X5 BN+
ATP BAEERDFICHEAET 5 1od, GMP ARE RGN
DIALDERWZIG UTHIET 2 2 LA CES. B L
TREET XMP RERAYEET A LIl ), BBRR
JERAHD XMP ORE#HETZ L3RR E e 5.

REREEEUCREBET D700, T E. coli 1T
¥ DNAEMBAT A2 Ltk h GMP AERE

[ First step: XMP fermentation |

Glucose

C. ammoniagenes cell

{Second step: Coupling reaction between two different cells |

C. ammoniagenes cell

Glucosem

Glucos

AMP ATP
A

GMP synthetase

GMP €=

E. coli cell

Fig. 6. Schematic representation of GMP production by a
combination of fermentative production of XMP and its
conversion to GMP by coupling reaction between two
different resting cells.

(EX-FN 1 | A R R - N b

VI. E. coli ® GMP &REERE MRt

E. coli D GMP G B RBLT (quad) 1%, BHEICE
WTh o &b R OERL DNAFRDOMK L LT
AUWBRCBEBEBETTHD. D20 guad AT, L
77 m—=v /7L ) GMP AEEERER % KBt
L7z E. coli DERE LRI

VI-1. AE—HELSLCTOE—5—OXHICLD
EBRAROBE FITHECLIY wd 2BL 77 A
3 F pLC34-10 23 H guad X FJ VL, a2 —-f 75
A 3 F pBR322 DI EIAANL T T AL F pXAL HERK
L7z. KIZ, tryptophane promoter (Ptrp) % fR#F3 % 7
7 A3 FpGBK3 b Pup #¥) h i L, pXAl D guad
DERECFEAL, 75 A3 F pXARSS ZIER L 7.
pXARS3 % E. coli MM294 ICIBEA L7 HEE A
E. coli MM294/pXAR33 % BB T A LIk b, BED
E. coli MM294 DE-E I GMP & REE OGS
BOfECIEIN L7c B % 7z (Table1).17)

VI-2. £BFHEEBRBEONEH L oEEELER
T E. coli MM294/pXAR33 FRIC O\ T X b e BB &k
T ERBRE Lichd, Th Dl EOEmREREKE St
sle. T THEERTREOEREYAND L, 77523
FEREHRIRD LR, TRTF T 23 VIERER TS
WHR T, Zhik GMP ARER I BRE TS L%
RN 1 TH B EEZ Bl 19

CORRND, WOEBHLBERAERL BT
VAR EEZ bhicicd, BERSZHOY 7Ly, -
(Clgsy) £ P, 7 m = 2 — L DA AR L HRERK
FHORBREYEAL,® 77 2 3 ¥ pPLA66 % L
7z (Fig. 7). E.coi MP347 12K 7 5 A 3 VR WEHEA L
7z E. coli MP347/pPLAG6 FE & BEHICFEE L, BEEDS
RS B IS R (30—40°0) T 5 2 it X D, GMP & E

Table 1. Comparison of GMP synthetase activities.

GMP synthetase

Host/Plasmid Growth®

D) (UmlP (Ulge  (fold)
MM294 6.48  0.0057  0.88 1
MM294/pXAR33  7.22 0531 735  83.5
MP347/pPLA66  6.94  2.97 327 372
MP347/pPLC14 537  0.118 22 25

2 Wet weight of collected cells.

b U, pmol GMP formed per min; U/ml, U/ml culture
broth.

¢ Ulg, U/g wet cells.
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110 BEE RS

EMTE BITE

PXAR33
(6.63kb)

Hpal Sph 1
T4 DNA polymerase
Pst1 Pst1

T4 DNA ligase

pPLAG66
(6.38kb)

Fig. 7. Construction of plasmid pPLA66 carrying the guad
gene downstream of the Py -promoter.

RIEEAEEORISTOF R I W B coli AR 5
CEMNTEN (Tablel).1) Z DEBROR TR E DA
BRI E A, RED T T A FIEREEEORNTED
bhiZ &b, GMP GRS RREET 5 L M
B T ERFOTRBR IR

U-3. 23R MOCRBAROBWE  oud BEEF
DERBEZ ILHHELTSHENT, P/ rE—%—D
T % SDEFIH B 14bp D & & A guad D ATG
2 FYMZET 5 X 51 EkEt LICEB DNA 2 FivT 7
FAIFpLCURBELL. RBLEELDNIBREY
EBERT S A FRBA LLBEEARKE. coli MP347/
pLC14 Tix, fEFIK LFI2565 D GMP SREER Lo
RE Lich ot 1D

—7J, pPLA66 Tl gued BT O ERCALE TS
68bp DMEREINTE Y, ZORRIIERDOA /7 v VR
Pk REERBILT (quaB) DA b » 7+ 2 F v (TGA) &
BT CRAEl 10bp DFEEL D F FH T\ 5. pPLAGG ITE
WL, ZDTGA 2 Fv ORI ATG 2 F VIME
LTCEDY, 147 3 VBIHI5EBHE7F FHER LT
WhEEZBNRS. Fi, pPLA66 TlX gued BIETF D
SD 7l & RE I T\ 5. pPLA66 DEFEEICIL, =
DEEE~ T F FOFLE L, guad © SD EFIZFFE LT
5T EDHEHCECTEY, L2 YA e v ORBR
D3 guad DBFERCMETH Tt E2 b5 1D

[09]
(&)

(0]
o
T

GMP

N
o

N
o

Xanthosine

Xanthosine (as XMP+*Na2-7H:20), (g/1)

GMP-Na;*7TH20, XMP+Na,-7TH:0,

< 1 n 1 " Il L 1

0 5 10 15 20 25
Time (h)

Fig. 8.

combination of fermentative production of XMP and its

Time course of GMP production from glucose by a

enzymatic conversion to GMP by coupling reaction
between C. ammoniagenes and E. coli cells.

I. EFEAHERRGICES GMP £E7 01 R

W-1. EEFMHEERIET D2 XOBIAH

(1) ATP EZEBMEMEE  HOEBERE 7 =€
AT, POESAZHRIMT A LIt X » TXMP B IO
GMP 2 i A B35 X 5 /s - B IE B Fv
o Lovl, REAREERRIGR TR AbIRINZ T
ATP b MifAEX BATE AL ORTHRENDS.
POESA BJHALE Tl ATP 3B B Lich o otedd, &
BEHEDOBFEIT\, POESA LA BDF > L vE A
5T &I XY ATP h oMy #EET 52 L& R
W LK. ® 7, C. ammoniagenes X 1 BOMEE X b
575 ABUMETHD, —HE coiil2Brbid
77 AU TH LN, F—D&MH%E B\ TIEEEMEM
SMEEIT - 1o & & ABWITECRD bhinh 7.

(2) ATP D fftfs  RIEBAMREFIC POESA (4 mg/
ml) ABOF VvV (10 gdiml) HERIT A LI D,
ATP 3G b SRR 5. RIGEHIC B
T, ATP OREXEANICH LD bhicBaic
TEILLFRINIREL B0, 20X 5 EEEC
o> Th, ATP #IINT 5 LEIZRD bhlcds - 7.
ARIGRICHELET S ATP 3FE L LT XMP BEK TH
CHRT B, TORHBALEL T T GMP AREENX
JRVEEST Lic. 1

-2, BRGMEBERE70X0OBME  REHK
RIXBRIL T 7 2 A TlL, %3 C ammoniagenes © XMP
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5-77 = VEREEE T v 2 A DB 111

NIRRT XMP 2 REEEET . RWT,
wAT 7 e—= VL) GCMP &REEEEORR Y
Bt L7z E. coli MP347/pPLAG6 % BliCEE & L, = Dk
B XMP R TR Y R Tz Sl
5. BBRRIGERCETLL, Zva—x, 74 FVE,
Mg A #+ v, U VA + vig ERIGES H ML, BE,
BEE, HEHE, pHARHEEHCRET 5. REBE
BEMAIEK) & LC POESA EABOF YV v REML
TG BRGT 5.

XMP FEBEW X T 5 GMP AREBERMEHAEE LT
E. coli F5EWOE Y, HEHEBRNIEETIEETH-
DERN L, AREEHEHE 7 » A TR17H0 1 (&K
ISR ECH L, XMP 85%, HRiipd 5%, BISISHKR
D109 W HITR LT b 20~ 0 5 Hic TN T
XMP 2344 L, 80% LA EDIE T 70 g/l L kD GMP
NES Rt (Fig. 8). Mgk, KEHBRIGICISWT,
XMP FER» DEEYRE L FEREY XMP RS L
THEALLES, GMPIIBEAEER Lish ot &
DT Lk, XMP REK THD C. ammoniagenes DEERD
ATPEARE LTHRE L TWAZ E AR LTV 5.

K. REGHERMIERECEOREA

REAMEBERICE L, ATP BAES LIS T2E
R EARBREE YA T ARG L 2 DB LI
AT LETH LRI T, EAREREY ATP £4
WEE BRI A2 ) —= v 7 TEBZ LR - T,
WEH ORI LT, B EDH D5 EYH A
7)==V IOREETHENTE BT, BHIOM
BE AT A ARER Y RIS TREEES K & <R
Botz. BROERNSRGIEIhiUE, ThNATP %
BERTDHDEARERCH->Th, TOBEBTFE/r—=
VI UBAEY ok 23 E o) #AVTERE ST
HBRIGRICAZALZ Sk ), ATPRBEE Lig
WEHRRLAEE e e AR BETELRB LB
7.

X-1. C. ammoniagenes & E. coli D HEZE RIS EIC &
% IMP O&E  IMP X, REBAELLA /v VvOD
S5rk ) vEMET A Lk v BbhA. fERb
B7s ) vEEEDR WS RTE D, E£EDIZGMP I
BOTHRY) L REAMEERNEY#BHT A LR
Bie, A7 v ) VBRI E. coli IR, 7T
kA s v vk FERE LT HEEER guanosine-inosine
kinase &% R\ 7 L7z, DWW, ABEOEEFYREL,
XN T 7wV I Y OEE Y KB L

[ First step: Inosine fermentation ]

I .
Glucose ™ » Inosine

C. ammoniagenes

| Second step: Coupling reaction between two different cells [

C. ammoniagenes cell

Glucose

Glucoser
ADP ATP
IMP *-Q‘%gelé‘—— Invosine
E. coli cell

Fig. 9. Schematic representation of IMP production by a
combination of fermentative production of inosine and its
conversion to IMP by coupling reaction between two
different resting cells.

E. coli B LI 19

C. ammoniagenes DA 7 v~ VHEEWETEKLBEREL,
GMP DEBA - T, 4 7 v Vv EEBETEOE KD
ATP BAEGBEZFIRT 2 REARBERIG 7 » v A%
BELL (Fig.9). ARERIE T v 2 HVAZ LT
X b, ATP % E & ¥ % guanosine-inosine kinase % fi
Wi, ATPREINT Ao &l Zva—-aAnhb
IMP % BT 5 Z Lo R ERN T » e AREH L
#-.20,20)

K-2. BEAEHBREEICLD CDP YL OLRE
CDP =V Vi, BMEREEOHRREL LTHRCERH

C. ammoniagenes cell

* *
i - Orotic acid ﬁ OMP -+ UMP — UDP + UTP - UTP

| Giycolysis —— ETS |

[

ADP ATP(¥)

*
» Choline =P Choline-P

) *
UTP —— CTP

CDP-choline ~

E. colicell

7 Raw material CDP-choline

Fig. 10. CDP-choline production from orotic acid and cho-
line chloride by a complex-coupling reaction with two
kinds of resting cells.
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112 BRE ZRH

EMTH BT

BTy VvoOFRERESL. ERI-vFOLEE (LT
CMP) & =29 v ) vER%FER T 2B aRET X
DEEIRTERD, ZThbOFEIEMTH S =
A gL, BEERSE TR TV,
FEEZDIZEREE LT, CMP D DT C. ammonia-

genes DEBRE X A5 REEIC L D D TRENIC
HETEDF Ry FBEAG, ) V) vBoRDb
DIALFE A TR EE I T 518 L= ) v & H
Wb, BRI ABE T e AR L. HT ek
A1k, HOHRERRIGR & EFERE R % RERF
AT 2EARBERCHR1bIeS. Tihbh, 47y M
M UTP ¥ TiX, B—D C. ammoniagenes D 1B 1K % ¥
FRETHHCHREERTHD. —F, (1) UTP»
B CTP, (2) Bib=aV vhba) v vEE, BID
(8) CTP & =2V v ) VEELS CDP 2 V v DOEABERKIG
X, E. ol OBIEEFC L Y Ih s EhEthots
BEER & C. ammoniagenes D ATP B4R & OB RILR
THS. LIdi-T, 2kl LTRRENRIRKIG 7
P RALEE2 5.

) VIRE DR A BRI ESAEY & RBAE) TR
> THY, EBAEMLCDP 2 ) vASBRE L F s
W BEXFEDIT BUX, Saccharomyces cerevisiae @ cho-
line kinase (CKlase) &{5F (CKI) 3 £ U cholinephosphate
cytidylyltransferase (CCTase) BIET (CCT) % 7 » — =
7L, E. coli BT BREBCHEI L2 0T, Wi
FIRE LTI DE coli wEA LTz, %7z CTP synthetase
DEET (pyrG) HBIE T~V 7 LD AF LI

C. ammoniagenes DEkE, ¥ 7 2w —=v 7 TCTP
synthetase % 581t L7 E. coli, 3 X O S. cerevisiae R D 2
BIETFH TN EIEA LK E. coli DFF 4 BHDOBE %
WTHARERICET, 47y MREFL2) VEER
BhE LT, BRZIC XD CDP =) VM TEL
BEITHZENTEL. L LERANBA»DRS &,
AvsEAEE 2 ELU T Ly, £ T3EHD
E coli DENZHERFE LTV AL BIETRE—DT 5
AIFEHALE coliCBALI2EZ A, B—D E. coli
B0 3 P OBREE LRI L. D D E ol &
C. ammoniagenes & D 2 BOBEKYERE L TARILIC L
D, Fw, MERLE2Y) vENLCDP 2 ) Vi
THERMANL T v 2 AHFIL L7e (Fig. 10).

ARREOBER L 52 Tl E, FIHEROFNL\ il E
L7 MBI RE IO B RRIc B i L BT 2 3. ApRIEL, BRI

L, SEEEEL, ERHTIA, FIEETIAZELD,
BARB R R SIT HEER 7 v — 7 0, BILEFHEER I
U &3 5 REMBERRT OEH, BN THEET, THROEHE
LORRMFEHFBOBEL F LD DTH Y, BROH 4 iF
BELET.
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