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Production of 5'-GMP by Immobilized 5'-GMP Producing Fusant RC102
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Abstract

The effetive production of 3"-GMP {5’ -Guanylic acid) by immobilized 5"-GMP producing fusant RC102 {inter-
generic protoplast fusion between Brevibacterium ammoniagenes ATCC21263 and Corynebacterium gluta-
micum ATCC21171) was investigated. The Fusant RC102 was immobilized by entrapping in -carrageenan,
agar, polyacrylamide or Ca-alginate. 3% k-carrageenan was selected as the most suitable matrix. In the pro-
duction of 5-GMP using the immobilized whole cells of fusant RC102, the eptimum conditions were 32° C, pH
8.0, 30pg /L of Mn?", 1x107°% of Zn™". In order to use fermentation medium containing CSL(Corn Steep
tiquor) plentiful in Mr?*, the optimum conditions of penicillin G, D-cycloserine and POESA (polyoxyethylene
stearylamine) for production of 5 -GMP were 0.8unit/ml, 0.8unit/mi and 5mg/ml, respectively. Cationic sur-
factant, POESA was effective and superior to the antibiotics, penicillin G or D-cycloserine in 5'-GMP produc-
tivity. The continuous fermentation using immobilized fusant RC102 showed that 5 GMP productivity was

stable for more than 15 days.
Key words :

A =

5'~GMP (5"-Guanylic acid} @ 5 -IMP (5’ ~Inosinic
acid) 5¢) f4bsd B4 glutamic acidel i -] A

P4 E W BAE AR AR ATAE ) slel
A o fgr) SEsHA Helew Ag7A vAdg E

HAE o]&3led §-GMPE AAbal of 2] 7}x] ubnfe]
eyl gk A A Aol Adakenis 5-MP
5'-GMP, §57-XMP (5" -Xanthylic acid)7} gl 21}, A nlA
8 A e 5 -CMP7E 2 323, L oo 8= 5-IMP,
5-XMpe] ol o nE 713 & Al g 2 §-
OMPE PlAE-& o] &3te] Z A28 AXAFE A
& A4b Fol g Al S vde] Bel 223 2
& 7hzivk e gzt

'To whom all correspondence should be addressed

5°-GMP production, immobilization, fusant RC102

T

]

A
i

r.h

A ze B8] AFoli o3t g2
alt}, RNAE 5 phosphodue-ateraseg}
A7 ABAFER= RNA HAdsH ()
B3 A A ribonuclecsideE 2-31% 5 j]—
23 A b, ool 2 - g
celEollA daf Abgf ez ] o] g
(3)8 5 -XMPE 2 kel e] 2l A
A Ee v BAE ol &Eled 5-GMPE
wlald], XMP-E'- TEw R gakshe F3
MPE 5’ -CMPE ]33}
T =7 AR EJ_El o 9] o m g syii=sic},
a2 olel o] & 5°-GMP A4l wbe] o] 4|
SR 252 FlAEE FA ) Felsede} ﬂﬁm—
of2]7la] FAAe] A A= 2 o) o]2l g FAHE
e AEH e Z 5 -CMPE Aatslr] 9 o}oq, 5'-
KMP AZAEEE) 5-XMPE 5'—GMPi AREE SRS

e
#3)

=

fle min
i:l

>
‘{\f Hz

°)
zAB
RNAZ- 4 7}
blrfﬂ.ME.
H—T (2

2y ,l
Akgt F o]
A HE = d
Eol #dEo]

L

}-

¢

o] gt
Hg
=
=)

21 5
e, 5
IE Ao
7 wA



780 ofolAl -

FAS) AV A ESEFEE o) AR shsi (4)
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GMPE Hd- ¢ 2 A4k 1A sfed ot
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= A B 5 -CMP QAT T glucose®
Bl A 5 -GMPE A ﬂ-zﬂgh A g-gle) 8
) Ak FSeeluh & 5 -XMP A5 Brevibacteri-
um ammonjagenes ATCC 212639} 57-XMPE 5°-GMP
2 A #sHE 58 7R 3 Q3 Convnebacterivm glu-
tamicurmn ATCC 211 713F o}k A 5500l 4 -8 fu-
sant RC1028- AL-83143 .20, adenine sdeF & FAf o))
=
TF 234 vl A (stock siant®] =42 23 2ol
(g/L) ; polypeptone 10, yeast exiract 5, beef extract 5,
NaCl 5, agar 15, pH 7.0 5"-GMP A48 2] 3 ol X iseed

medium)e} ¥ E ol A (fermentation mediuvm)e] 3408

Table 1ol vhehu] glel.

nkkds
E AP A A% & AlE k-carrageenan, polvacryl-
Table 1. The composition of medium for 5"-GMP production
by fusant RC102
Socd medlum Fermemat ion medrum

(‘Iuwsc 10. O% 10 O%
KP4 0.1% 0.1%
KaHPa 0.3% U.3%
M5O - FH2O 1.0% 1.0%

Meat extract 0.4% -

Feplone 0.5% -

5L - 0.5%

Urea” 0.2% 0.2%

CaCly + 2H20 0.1% 0.01%
FeSO4 - 7HO 10mg/L 10mg /L
ZnS04 - 7H:0 2004 /L 200ug/L
MnSOs - 5H20 30ue/L -

Amino acid Mix, " lug/L -

Biotin 30pg/L 30ug/L
Thiamin HCI smglt Supfl

o - 3.0%

“C.8.L=Corn Steep Liguor

sSeparately autoclaved

#Amino acids mixture ; a mixiure of four amino acids of gly-
cine, L-glulamic acid, L-aspartic acid and L-cystine

amide, calcium-alginate ¥ agar® AMEslelow #HA)
TR gL o1&w) o} k-carrageenand] €]t w
Kb Josa 550 % Sato 5 (0)2] vl of whghon, gel
& TE F2x2x3(mm’) YW Z7] 2 A sy Gel
o] 7= wod 7] 9)8hed 0.3M KCI-&-< o) 4°Coll4] 2
A7k Feb ARG & SR 23] AAsed 44
kel Polyacrylamides] 21 w4 31 &= Nilsson
% (7=} Bang 5 (8)2] uby ol whe} wAd shed ovq, Ca-algi-
nates] 9§ LA BE Makiguchi 5(9) 'H White} Por-
tno (10)2] W& o) 338} 9d o}

Jo

Mol #Ael hardening23hs

A% A 8g-& 0.088M HMDA (hexamethylene dia-
mine)’t EEE 0.33M phosphaie buffer (pH 7.0) 60ml
Oﬂ AL O Coll A 28SHA RlEsted 108 WhgAln)
5% glutaraldehyde-£ & 5m! A7kelz 1420 B
52 28] g skl Akt

s 1} A k11 gF
Soll Abg-ahsd et
& e ADN =Y

A B A Y A2 S A etr] 4 s)4 Rheometer
{Sun Kagaku Co., Ltd, type M-1107)& A&tk (12).
A FAE Tem Z7| 2 A wsted Bk o] 3 adap-
tor {273 50mm-E A3 o2 hakAl A compression
forced A8k kg/em' 22 Yepigch BxAe
force scale 8kg, chart speed 120mm/min, table speed
3.13mm/sec, compression ratio. (.7mm/ secol gl e},

Gilucose H2F

Glucose A 28~ DNSWI (13)e]) whel 2 gFs)q] o
gluccse BFTA1 0 2 WE] abgst gt

5.GMP2] 24

kg & g A-g 8] 8he] HPLC (High Performance
Liquid Chromatography)-g ¢ &-&ted 5°-XMPeE 5-GmP
£ ggFagick
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FAS) THBAA A F o AL FAL He)
A A Aol ek 241 718 sl Aol 3 5|
ofo} s, FA)e) VI 3L #AA Yopok Ak



5T-CMP A AL 3033 RC1029) 14 Shel] 213 5'-GMP 4t 781

A 5 ZFo]of 3 :7¢] Wt Polyacrylamides Abel
AR 9a) Abi ]»93.__u=l 28 k-carrageenan, Ca-
alginate, agars =& FAZAA, AE5A 22 ]
1ol Ahg-sheiet.

ol kel A B FAE mAH 3] AR-5& viwF
A= Table 28} ZF e o 3% k-carrageenane] 7} &
2 712 g Jebhgt) Ca-alginate2] Z$- phosphate =1
Bl Mg, KT efREo] Cailo] 28 3l AA gelo] 5
A, agard] %= vlad 7lA 2lesl s, A
A <l gakad o] A vhebydel

aFst FAHS ML

SRE FAS Aesle] Al AN EE AZ
Q& o Z Qe AR, o E FA ) bkl 4%
whEsh AT ) P o URY AR §AD
= gletof gtoh B Aol Al g o Ao 24
BAFA 1.0cm’ 2712 A5 Rheometerd S5}
gel ZFEE &4 5kdek. Table 36l ®H k-carrageenan
o] 717 Egh.om agarst polyacrylamide®] 74 2 Lfe}
wew 5-CMP AabAl S weg]g o 3% k-carra-
geenane] 4-sled ol

AFYS FH 5GP a7
pHE| &

5 -CMP A Ake]] glota] viA] 4] pH of 33
A =77 pHgk-S

- AT 87
5N NaOHZ 7.0-9.0 747 u}3ted

Table 2. 5".GMP production by immobilized cells of fusant
RC102 in various matrix

Matrix Relative 5" -GMP production (%)

Polyacrylamide 74.7
Agar 69.5
Ca-alginate 81.2
k-carrageenan

2% 75.7

3% 100

4%, 84,6

Table 3. Gel strength of the immobilized cells of fusant RC102

Matrix Hardness (kg /cm?)
Polyacrylamide 3.2
Agar 2.3
k-carrageenan

2% 4.5

3% 5.3

4% ] 6.0

FA A 24A17F wbo} ureadE T Hrld Foloo], 95
AlZk vloF 5 2 pHy 27) pHgtsr A2 LAshs
t}. Table 404 Jd= ule} o] pH 8.06l| A 7} AAMA
ol kot o] 2 vl Fo] o} 5'-CGMP L& Alell= pH
F 7.5-8.0 A1 2 & Ae] W Fasidy 4

A4k 2L gabsted ol wlapdage
daFe] o) Zeke Wae] ajel(14-16) ¥ A YA
B 7l p ko sel o TART 5-Cme A
Ao BAE AEY A9 Fig. 1), Mt FE5T
FoVarel wiEr FA e WAE SohEl AR 5-CMpe
AALREE Mn?T 20~40ug/ Lo A ZhRE ket A A A
A AL Ry ow, Zn e Catt Y Z$ M)
FEZF30ug/L A7 i H A B B kit £
A Zni"8) FE 1 X107%) 4 5'-CGMPR] Ak
7l~7§' ¥, FEs} Ad Folghel mbep A4bake]

adhes A4 S b &8 Ca ] w2t 37
e}%'f— FAF2 5 -CMP Aabake] SrHg o4 2l
Aok

5GP ALY hE HHETe BT

AubA o8 5-CMPE 233 Hah8d B4 AX
ut FatAl o} of§- ub7] wj el Aol A E 5-GMP
7E b2 wha v o] £Rch whebd 5-CMPe] A X
= E—“l'“*' FAHANA A% 77 Ansla gl
(7). & @l Ae Axs §A4E dalshs 454
ol oalf?wl penicillin G2} D-cycloserine?] A g] A7) ¥
el w 2o gk Aohs Al wokok wlx] F-2] Mn/”
Eurh uhg o A el G8g Fo 5-CMPY
Aol FaAdel A Ry Ed i A A5
T E7PE ¥ 5 -CmMPe] A 4hg o Al ek ahehad mnt”
o} FEAEa ol 4 CS.L{Com Steep Liguorkd: i )
z];,; AL5}7] a4 Mn®T 200pg/L R E ol A

o) wjeksied penicillin G} D-cycloserine) 52 A7)
¥ 47 6547 R el A3 BEE T 0.8

Table 4. Effect of pH on 5"-GMP production by immobilized
cells of fusant RCT02

pH Relative 5~GMP production (%)
7.0 30.4
7.5 94.2
8.0 100

8.5 ‘ 33.7
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with the fusant RC102.
&—& : Total value of 5 -GMP,

Yable 5. Effect of penicillin G on 5"-GMF fermentation by immo-
bilized cells of fusant RC102

% of ZnSOs -

7H2CY % of CaClz - 2H20)

Effect of the presence of trace metals i the fermentation medium on the bacterial growth and the acemulation of 5-GamP

B—8 : Dried ceil weight (DCW)

Tabie 6. Effect of D-cyclpserine on 5'-GMP fermentation by
immobilized celis of fusant RC102

Penicillin G addition 4-day broth Penicillin G addition 4-day brorh
Timethr)  Cone. (unit/ml}  DCW mg/ml)  5"~GMP (%) Timethr)  Conc. (unit/mb DCW (mg/mb 5" (JMP(%)

none 21.8 51 none 22.5 52

35 0.4 17.2 55 3.3 0.4 i8.3 65
0.8 153 60 0.8 2001 67

6.5 0.4 16.7 78 6.5 0.4 17.2 95
0.8 13.5 100 0.8 6.3 100

9.5 0.4 16.5 45 9.5 0.4 17.8 90
0.8 12.0 44 0.8

unit/ml 2.2 vhepi e} (Table 5, 6).
Polyoxyethylene stearylamine (POESA)S| 4 5F

dubd e g AFuead gAE 5 -CMPe A xyhe
2 fEEA ded vebs 5-OMPe) Al ze 304
ZAE S8 AUBAAAG FAER 5§ Ao F
=d|, 5'-GMP2] J4tell = POESAZE B aldlel z1o8
BIEI (17 B APl POISAE S22
Aelelgied, o B smg/mt FRA AF oA
P48 ¥ g} (Table 7).

16.2 95

DES ZAS] AR

TAE TAS FELE AR a2
wlabd §-GMP AARE wA] 20miS §FSRY 500mie
Eohazmol AR FA 2mi& Fheked 32°ColA] 724)
7k gk wiekal & w8 wAE 8] Sele) 0.9% P
Aoz 23 A o *§f‘¥-§~ vl A off AFated ZF
= FAl el A 53 ubE A RS slyl 2w 7 A 3E Table
goff viebaigdet. o] = 33 *}%/‘? PER) ez 3-GMP A4t
e A2 A v R sl o] 58 ojab A4t
Galed S AAbekel = L 8t gt

73v) A zpolek,
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Table 7. Effect of POESA" on dry cell weight (DCW) and the
relating productivity 5'-GMP by the immobilized
cells of fusant RC102 fermentation at 32°C

Cycloserine addition 4-day broth

Timethr)  Conc.(unit/ml]  DCW(mg/mi) 5 -GMP (%)

none 22,5 52

18 1 16.9 65

5 15.3 67

24 1 17.5 95

5 16.2 100

30 1 225 90

5 21.7 95

"POESA : polyoxyethylene stearylamine
Average value for n is about 15

Table 8. Reuse test of 5'-GMP production by immobilized fusant

RC102 o
No, of reuse 5 -GiMP produced mg/ mi)

1 712

2 729

3 708

4 683

5 642
OHE fusant RC102E 0lE8 5-GMP A

%}.’/ﬁ SAER FA F-OMP A 2REE e
A g 5 A AT BoTES ZVIV/M reac-
tor workmo volume 100m!, 274 &) -Tr_?‘ A o 10mle s
oH 7.8, 32°Coll 4] &4 e 2 V-CMPE Alatstelct,
2 A Fig. 2004 Bz vlel el 1243k &A1 5] A
1 E 59 237 5'-GMP AJAFEES: steady stateel] =
Stom, o ol FAs AS WD +EY ANFE
] stk

5 -GP produced (g/L)

Reaction time {day}

Fig, 2. Pattern of continuous production of 5-GMP using 3%
k-carrageenan immobilized fusant RC102,

S¥E RC1022] oA 3hel] 2131 5-0mP &AL 783

f=] =13
-+ |

5 -GMP (5" -Cuanylic acid) A4t -3 fusant RC
1028 34 &b 5-CMPE |22 2 Algbslzaal
shggoh A 24 8hg A 24 k-carrageenan, polyacry-
lamide, Ca-alginate % agar 5 47}] wHaol m 8lsd
A M= A 2R 3% k-carrageenand AR gt e
o, o)Al ell ZHHE FAE ol 4-8le] 5-GMP A
2 o2 A4akstaicl A8 Falo) o3 5 -GMP A4k
2 HA Lx g pHE 32°C, pH 8.0, FlEUYARA
Mtk Znt* 2] piis 2bzh 30ug/L, 1 %107 %] gk,
Mnito] F-4-gl1 gh4l CSL(Corn Steep Liquorrg vl =]
24 A28 g8 penicillin G2} D-cycloserine B
POESA (polyoxyethylene stearylamine} 5% #3 FE=
Z2FzF 0.8unit/ml, 0.8unit/ml, 28] 2 Smg/ml.2 2 e
oo, AAEA Bol AdB3A 5 oA e git). o]
AFe) A el 54 3 fusant RC102% 15947 <F
A5 §-GMPE A5,
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