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Production of Nucleotide by Immobilized Cell

Jung-II CHO and Sung-Won JUNG
Department of Agricultural Chemistry, Korea University,
Seoul 136-701, Korea

The effective production of 5'~-GMP(5'-Guanylic acid) by enzymatic conversion of 5'
XMP(5'-Xanthyic acid) was investigated. The lyophilized Brevibacterium ammoniagenes
ATCC 19216 which were used as the XMP aminase source, was immobilized by entrapping
in K-carrageenan, agar, polyacrylamide or Ca-alginate. 3% K-carrageenan was selected as
the most suitable matrix.

In the production of 5'-GMP using the free cells of B. ammoniagenes ATCC 19216, the
optimum conditions were 42, pH 7.0, 100mg/m! glucose, 120mg/ml cell, 8mg/ml MgSO; *
7H:0, 5mg/ml POESA, 5mg/ml phytic acid. Under the conditions, 94.5% of 5'-GMP was
converted within 8 hours.

In the production of 5-GMP using the immobilized whole cells of B. ammoniagenes
ATCC 19216, the optimum conditions were 37T, pH 7.5, 50mg/ml glucose, Img/mi KH:PO,,
10mg/ml phytic acid, 60mg/mi cell, 8mg/ml MgSO; - TH:0, 5mg/ml POESA. Under the con-
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ditions, 64.7% of 5'-GMP was converted within 40 hours.
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BEFH {Eo], 5-GMP(5-Guan-
ylic acid) 59 #HiA ZvigE 73 2 (palatabi-
lity)S Wle 548 7130 242 AEAZEFH
RAoAX §mof wpe} GefsiA ALgE 1 gl $4
7HEEY AL 7HEWH, o]Fo] g & gk
me} HAUbgS dElsin itk dutzozm yx,
ZbA], 4 0.1~0.15% (5'-IMP71&) 9] #ak&
FetH, =71, A8}, gEole o 02~03%(5'-
IMP7I€)E g3t ojg} e 7zt o] i
s Faz 3y, 2urtFE AzAldde 5'-
GMPE 5~10%, 5 ¥ AZAE 0.003~0.01%,
AAF tEole 0.75~1.0% A=2 H7IEAE
1=

olg} e A Zu g Azde g 2

2 WY Eo] o] 853 gt} RNAE 5'-phosphodie-
sterase®} #L FAZ BIHAAH A= FLAE
314 (Kuninaka et al, 1961), RNAS A 7}4 3
AlA ribonucleoside2 #3135 ¥ 3R oz QM
3A) 7= W (Numata ef al, 1969), 2 £]o) @&
¥ = FH (Shiro, 1976), AH LA H(Abe ef al,
1966)5 At A #EP Huj4 YRoegE 5'-
IMP, 5'-GMP, 5'-XMP(5'-Xanthylic acid)7} .o
U, Au4de A=E 5-GMP7 /b4 Am, 2t
$2 2% 5-IMP, 5-XMPY &£olt}k, a8ez 7}
F E AL 2 5-GMPE 1A E S o] L8y
AgAog AAHANTIE A& P& Zug AL
§xo H|Fo] BHol 393 99 sMAYm AR
=3

2 AFdqMe 832 5-GMPS A4y
18] Brevibacterium ammoniagenesS T2 7TZRA
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A Hgg g nYgAA 5-XMPE
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2 AN A& FFE Brevibacterium am-
moniagenes ATCC 1921624, 5'-XMPE& 5'-GMP&
A¥ete FHE 7MAL 2o, adenineF listi-
dine F¥8FA ol

ALZHEX]|

TR BE WA (stock slant)d] £4-& oS3
big=3
(g/1); Polypeptone 10, Yeast extract 5, Beef extract
5, NaCl 5, Agar 15, pH 7.0

Z9) A (seed medium) 2] AL g3 #r}.
(g/1); Glucose 40, Yeast extract 10, Beef extract 5,
Polypeptone 5, KH.PO, 1, K,HPO, 1, MgSO, * 7H,0
1, MnSO;, * 6H:0 0.01, ZnSO, 0.01, FeSO, * 7H,0
0.01, CaCl; 1, Ca-pantothenate 0.015, Nicotinic acid
0.015, Thiamin - HCI 0.005, (NH,);SO; 3, Urea 2,
Biotin 1.0X107%, Adenine 5.0X 1075 Histidine 7.0X
107° pH 8.3 with KOH

& ) A (fermentation medium) ¢ ZA
2 2
(g/D); Glucose 130, Fructose 20, KH.PO, 10, K,HP
04 10, FeSO, *+ 7TH,0 0.01, ZnSOQ, 0.01, MnSO, - 6H,
O 0005, L-cysteine 0.2, Ca-pantothenate 0.02, Nico-
tinic acid 0.005, Biotin 1.5X 1075, Thiamin - HCI 0.
005, Urea 2, (NH,):SO; 6, Beef extract 2, Adenine
1.0X107¢, Histidine 1.5X107%, pH 6.8 with KOH
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raal] b2

T59 wd & vidTAY 5Hdax A 4P
2 Fig 17} 2oy, 82 AXTAE 200404 B
@3tk
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Zgtg-of AL8-¥ basal mixture?] AL &

(gM; Glucose 50, KH,PO,, 5 MgSOQ, - 7H:0 10,
Phytic acid 5, POESA 5, 5'-XMP broth, Freeze dr-
ying cells

T4 dxd A¥FF=
60mg/ml, free cell®] 7-$-ole

axstatdE A-vde
120mg/mi] & E°)

Stock slant culture
} 30C 48 h
Active slant culture
{ 30T 241
Seed culture(200m! of seed medium in U flask)
30T 24 h, 100rpm
Fermentation culture(2/ of fermentation medium
in 5/ Jar fermenter)
30& 24 h, 450rpm
aeration: 1v/v/m
pH 6.8 with KOH
Centrifugation
4 5,000rpm, 15min
Lyophilization
-75C, 75mmHg, 48 h

Fig. 1. Preparation of 5'-XMP converting strains
o, ¥H-§ A7+ 217} 50h9} 10h, WHESEE 400
5 %8 o 9] pHe NHOH(9%)E AHE3te] 1
747} HE & 24 Fo

TH DY S}

B AFPlA 2183 FA= K-carrageenan, poly-
acrylamide, Ca-alginate ¥ agar® AFE3gon &
AnAQ3 By g7 2

K-carrageenan®l 23 3173 8+ Tosa(1979) 59
wdo] mgkon, geld WEF 2X2X30mm)

azng A93td Geld s &4 F7) fdt
o 0.3M KCI&d| 4T A 22412 B2 ARG &
dQd 552 23 A8t AHE-sA T Polyacry-
lamide®] 213 FA 1% 3= Mattiasson(1983) &
o) o] Wt TARFHSW, calcum alginateSt
agarol] ¢ AR 3hE= 717 Nilsson(1983) 59 #
Yol ate} 24 3}stch

D& 2| hardening2HE

a3 gtdH 8¢ 0.088M HMDA (hexamethylene
diamine)7} %2 033M phosphate buffer(pH
7.0) 60mil ¥ 3L 0T} A gentle shakingdto] 10%
F 9kg-AlZl ¥ 125% glutaraldehyde-8 & 5ml
H74ea 1M F4 HFAAY EFFHRSE 2
3] A F3le] HAFebgol A8ttt

Glucose MZ

Glucose 3 HF2 DNSEH(1960)°) whet A HF3}
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2R3 AR 9 Ay eetol= A

Fod glucoseXF ZHo2RE AE&3HAT

27loiat oladlsel MY
wgele] o4 FEE 387 Astel

Chen(1956) 59} wol witen, nfadlge 4
22 EDTA method(1969)° w2} %3}t

5-XMP2t 5-GMPS| 24
we & Aol 345t HPLCE &3ty 5'-
XMP$} 5'-GMPE A %3t

)

IHsiAHe] AN EH

nysaAe] AndS 437 $3+9 Rheo-
meter(Sunkageku Co. LYD. Type M-1107)-& Al-&
st nBTAS 1IX1XUew®) 2712 s}
of HAYe 1 adaptor(B7 50mm)E AAF
th2 AFHAA compression forceE FH 3 go
2 FAstger B2 AL force scale 8km, chart
speed 120mm/min, table speed 3.13mm/sec, comp-
ression ratio 0.7¢1%th.

27 % D&

THIAS 2 M

HFAAY L 5284, EF A9 59 20
FEANIIE @A HAe] F4a3). Polyacrylamide
E AdE vug 98 AHEstaer, 19 K-car-
rageenan, Ca-alginate, agar= ¥ TAEHA, A
=4 59 ZHol U] AL

ol e dxE FAE FAHI AFEE
2% A= Table 13 221 3% K-carrageenan
o] 7}4 £& Ao g viEluty). Ca-alginate® ¢
phosphate 18|31 Mg'*, K" o] &&°] Mg**ol2&
| A A gelo] A, agare] A4 ¥laF 7]

Table 1. Conversion ratio by immobilized cells in va-
rious matrices

Matrices Relative conversion ratio( %)
Polyacrylamide 46.2
Agar 40.3
Ca-alginate 79.8
2% Carrageenan 63.7
3% Carrageenan 100
4% Carrageenan 838

AR AEA m, FUE Asge] WA ek
el

nHsHAel dad £F

DAFFAS AHgste] A= AHES A
7 demow AANE 4%, nRFITAHY &
gel =7} a7 AT B AFgNE TAE 4 7
Aol TAZHAA 10m’A71 2 AE3HIL Rheome-
terE £319 gl =8 43¢t ZF+= Table
20} 4] BEo] K-carrageenan®] 7H4 £30.9 agar
9} polyacrylamide®) €M 2 vegon AFEY
v 25 Ye o 3% K-carrageenan®] $F3rHch

Table 2. Comparison of gel hardness

Matrices Hardness(kg/em?)
Polyacrylamide 0.780
Agar 1.324
2% Carrageenan 4611
3% Carrageenan 5699
4% Carrageenan 6.375

TAERH 2 free celld] TEHIS =
pHel| d&t
ATE Fg 29 2ol BAFFAE 75 free
celle] Agole 700 & pHAT
eco| st
Fig. 3014 B ulgl o], 1QspAAE 37¢,
free cell® 420914 & ATLL BAch A
oz ARG & FHNL LEE FF EobA
AU §AS Aoz dAAR YA, £ A
A% nASFA/ nAHHA Fe FARDL W

100

~
®
Nl
o -1
=
<
-
o 60
=1
w
= a
Q>J 40 \.
=
8
20 w—a Free cell
o 20}
2 *—* Immo. cell
<
< o N , . .
o~ 6.5 .0 1.5 8,0
pH

Fig. 2. Effect of pH on the 5'-GMP production by
immobilized cell and free cell
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ig. 3. Effect of temperature on the production of
5'-GMP by immobilized cell and free cell
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Fig. 4. Effect of glucose concentration on 5'-GMP
production

wj ko) 0, 25, 50, 75, 100(mgmD ) T2 #
sbatel A@nkeg ¢ AR AR STA T 50mg/ml,
free cell® 100mg/mid] TEAA w& APES
2o

otad &l gt

XMP aminase®] cofactor24] &3t Mg’ ¥
wo s AHBUTh wFde] 02%9 Mg'"
o] ¥35]e] 9131, phytic acid= Smg/mlZ 35T
Free celld}t TAFA ZF 8mg/miel =14

Mol Img/ml, free cell
H7tdw) & A% %,—% By vtsdogs 0.74
% 2] phosphate”} X &€ wl A& AT
Polyoxyethylenestearylamine(POESA) 2| &t
dutr oz AEUr HHdE 5-GMPE AlX
vto g wA e gech wetA 5'-GMPY Al
2 234 SE s AWEAAY FAEAE

52 Ao FEd, 5-GMPY A
POESA”F &%l Ao 2 Husi ch(Takashi
el al, 1969). ¥ A F M+ POESAE TEEE A

gA=d, 2 éﬂr Smg/ml TEANM BF T
HAEES 2 Fig 5.
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Fig. 5. Effect of POESA concentration on 5-GMP
production
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Fig. 6. 5'-GMP production under the optimum condi-
tion of conversion reaction using immobilized
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Fig. 7. 5-GMP production under the optimum condi-
tion of conversion reaction using free cell
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GMP A2-S 98t &4 J=E Bevibacterium
ammoniagenes ATCC 192162 K-carrageenan, poly-
acrylamide, Ca-alginate 2 agars 47bA ®Aol 1
A& A XMP aminase AAUOE ARR3HHTh
HAGA A HAE 3% K-carrageenan®] 3743}
& @A o] &3t 5-GMPE AT

nASE A e ABFF 9§ 5-GMPY
RN 2702 42T, pH 7.0, 100mg/mi9) glucose, 8
mg/ml® MgSO; - TH;0, 5mg/mi<] POESA, 120mg/
mi2) cell, 5mg/ml® phytic acide 2 JERZOH,
ojuj Mg 945%°]Art

nASTFA N 98 5-GMPY AREAL =R
37, pH 75, 50mg/mi®) glucose, lmg/mis] KH.P
0., 10mg/mi2) phytic acid, 60mg/mil L33 A,
8mg/mie} MgSO, * TH:0, 5mg/ml] POESA®|™ ©
o ATEL 64.7% AT
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