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Fermentative Production of 5'-GMP from 5'-XMP by XMP aminase
and ATP-generation System of Saccharomyces cerevisiae

Jung-11 Cho*
Department of Agricultural Chemistry, Korea University Seoul 136-701, Kovea

ABSTRACT: For the enzymatic conversion of 5'-XMP to 5'-GMP, partially purified XMP aminase
from Escherichia coli was ccupled with the yeast, Saccharomyces cerevisiae, capable of ATP regenera-
tion through glycolytic pathway. In order to elevate the level of XMP aminase in E. coli, guaB™ (IMP
dehydrogenase-less) mutant were introduced, and the yeast used as ATP supplier was treated by
some method to increase its membrane permeability. The optimum conditions for efficient conversion
reaction by energy-coupled system were investigated. As the results, a CH 41, guaB~ mutant of
E. coli K-12, showed 2.75 fold increase in the level of XMP aminase, compared with its parent
cell. And the lyophylized yeast was the most effective as the ATP supplier. The optimum temperature
and pH of conversion reaction were 40°C and pH 7.4, and the highest conversion ratio was shown
under the reaction condition of 100 mM glucose, 100 mM inorganic phosphate and 6 mM AMP.
When 36 units/m/ XMP aminase used under the above conditions, the amount of 60 mg/m/ yeast
was sufficient to be used. Under the optimum condition, 71% of 1.8 mM(65.6 mg/100 m/) 5'-XMP
was converted to 5'-GMP within 8 hr.

KEYWORDS: Saccharomyces cerevisiae, XMP aminase, ATP-generation system, 5'-GMP produc-
tion
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Fig. 1. Schematic representation of coupled reaction
system.
(1) glycolytic enzymes
(2) adenylate kinase
(3) XMP aminase
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S. cerevisiae NoFg 3+ vlx) &= glucose 10%,
yeast extract 0.2%, KH,PO, 0.1%, NaCl 0.1%,
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XMP, 240 ymoles (NH4),50,, 120 umoles tris-ma-
leate buffer(pH 8.0), 7.5 umoles AMP, 83.5 umoles
glucose, 166.5 pmoles potassium phosphate buffer
(pHSO)iH b 24 Bo] 0.5 ml e FIHLE
A z3te] W cap tube(70X 120 mm)ell 932 40T
ol 4] 7}-23F t}-&- XMP aminase .49 0.2 ml/(35~
38 units)a} ATP #jAAS] &4 e 2 9] gy 7}
25mg *3d AR dgd 02miS 7}&"4 &
sk Imel SRS @ sl AY e
aalglc) ©S 3.5% perchloric acid 4ml——°—
etel whee FAA F AR stel A

mo o

HPLC(high performance liquid chromatography)=.
5-XMP2} 5-GMPs] cjste] 44 2 GFEAle
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BR A E®

Xanthine @13 £

E coli K-12-& MNNG #]&]3}o] IMP dehydroge-
nase’} 29 % Wo)F(guaB-mutant) 455 A3}
dom] zbzt B coli CH 41~44% 3 ol &
Agt=el oFe] xanthineg iﬂﬁl»‘: XMP aminase
A8 wlzlol| A wjekgt 3 XMP aminase<} IMP
dehydrogenase?] #4-& FARE ZAF} ®o]5F CH
410] ZF E. coli K-122.t} XMP aminase H]&4do]
2.75W) 7} Sick(Table 1).

Table 1. XMP aminase and IMP dehydrogenase le-
vels in xanthine-starved guaB~ mutants.

Relative specific activities*

Strains
XMP aminase IMP dehydrogenase
E. coli K-12 1.00 1.00
CH 41 2.75 0.46
CH 42 1.33 0.64
CH 43 1.75 0.46
CH 44 144 047

*Relative to specific activities for strain E. coli K-12.

XMP aminase2| £& HA|

Streptomycin sulfate A3 ammonium sulfate
3 #Ag FyYsied of 51w AAE aide
& glgden 1 g3 wsdE Table 240

2 r-\r:

tlo o

Table 2. Purification of XMP aminase from E. coli CH 41.

Volume Total Total Specific Recovery
Fraction activity protein activity™
(ml) (units) (mg) (units/mg) (%)
Crude extract dialyzed 36.4 6969.8 1463.3 4.8 100
Streptomycin sulfate precipitation 39.7 6579.9 706.7 9.3 94.7
dialyzed
Ammonium sulfate fractionation 13.8 2682.1 106.3 24.3 374

(46~63%) dialyzed

* Specific activity is the number of enzyme units per miiligram of protein.
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Table 3. Conversion of 5-XMP to 5-GMP by va-
rious yeast preparation used for coupled

reaction.
Sources of Conversion? Relative conversion”
ATP ratio(%) ratio(%)

Acetone-dried 14.6 98

yeast

Lyophilized 14.9 100

yeast

Toluene-treated 11.0 74

yeast

Fresh yeast 5.0 34

wt of 5-GMP produced
wt of 5-XMP added
b Relative to conversion ratio of lyophilized yeast

@ Conversion ratio= X100

100

—~
ISR
=

=]

=

5]

[+

= B0
2 ——
wr

=

o

>

S a0
=]

&)

]

2

E 20b
]

o

a 2 4 6 8

Incubation Time(hour)

Fig. 2. Effect of glucose concentration on conversion
of 5-XMP to 5-GMP by coupled reaction.
The reaction mixture was contained 1.8 umo-
les 5-XMP, 240 pmoles (NH,),SOs;, 120 umo-
les tris-maleate buffer(pH 8.0), 7.5 umoles
AMP, 166.5 umoles potassium phosphate buf-

fer(pH 8.0).
-0-:00M, -A-:005M, -O-:01M, -W-:
0.15M, -A-:02M

el glel olefzte] it AAX A4S A

st

XMP aminase2} ATP X{+87AH|2| 2 viZ0|| 9
&t 5'-XMP2Q 5-GMP=Z9| XMzl
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A3} Table 3
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Fig. 3. Effect of phosphate buffer concentration on
conversion of 5-XMP to 5-GMP by coupled
reaction. The reaction mixture was contained
1.8 ymoles 5-XMP, 240 uymoles (NH,),SO.,
120 umoles tris-maleate buffer(pH 8.0), 7.5
umoles AMP, 83.5 umoles glucose.
-A-:00M, -B-:005M, -(J-: 0.1 M, -A-
0.2M
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T A cHFig.
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ATP®R <431 Z1vH(Tochikura ef al., 1961). ©] u)
7] 9like] Fme AMP thAbe] <daks v A=
AMP+= Frel F7] <labellA
t}2 purine nucleosidett nucleotide & -3 = 51
H3gh el F7] ol4bel A ADP9 ATPR 14l
3= Ao ghsl vl ofgba] o] A kg
PlAE F7] QA s

1:}:04 .S:L L,}- %‘:—9‘

G 2obe 43t 01

Mol A A3 e AEg2 BarhFig 3).
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Fig. 4. Effect of AMP concentration on conversion XMP aminase S5 A&t ¥ A gl
of 5-XMP to 5-GMP by coupled reaction. )%= XMP aminase 59 °38FS ZAPSH] ¢
The reaction mixture was contained 1.8 umo- _ o satel o . e
les 5'-XMP, 240 umoles (NH),80,, 120 ymo-  *o1 W& Fatel i<l XMP aminase] g% 0
les tris-maleate buffer(pH 8.0), 83.5 umoles unit/m/el| 4] 108 unit/mi7}x] HIA|A ¥H-EE 5
ﬁluéos(e,Hlﬁéif umoles potassium phosphate 43 A3} Fig. 69 a)ol| 4 & 5 9l wpolzto] XMP
uffer(pH 8.0). oFO. oo o
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d#) HrHTochikura ef al., 1961). whabd F-o 3+ mg/mlZ H3AA S-S g 27 Fig 69 b)
HEg-of| l?l# AMP w2l oJ3kg A7l 918lo] oA o 4+ 9l%eo] AR F=E 20 mg/mielA 60
AMP Fie & WH3pA7IHA A3bgs 248 23 mg/mi7bA] F7HAAS Wi AR R Sl
6 mM AMP°4W HAE epligon 1 oojakel  ule} HFHgo] FrbEtg ot AR FxE 80 mg/m/

Q
gl
ok
114
1]
2
a
A
rir
o
Z
o
oIr
oL
lo
02

[

FEA M #HEEo] 7hAslolti(Fig 4). ALS-8-g wET) FEgo] Frhsla] eksuth
100 100
% sof Z 8of
: :
o =
.% 60 - »% 601
5 3
g 2
o =
o 2
© 4ot © 4ot
E £
3 =
irs) L
& 20k X 20+
4 1 1 i3 1. 1 1 i L
0 6.6 7.0 7.4 7.8 8.2 86 0 31 35 37 40 43

pH Temp(T)

Fig. 5. Effect of pH and temperature on conversion of 5-XMP to 5-GMP by coupled reaction. The reaction
mixture was contained 1.8 ymoles 5'-XMP, 240 ymoles (NH,),SQ,, 120 umoles tris-maleate buffer(pH 8.0),
7.5 ymoles AMP, 83.5 umoles glucose, 166.5 umoles potassium phosphate buffer(pH 8.0).
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Fig. 6. Effect of concentration of XMP aminase and yeast cells on conversion of 5-XMP to 5-GMP by coupled
reaction. The reaction mixture was contained 100 mM glucose, 1.8 mM 5 -XMP, 17 mM MgCl,, 240 mM
(NH,):50,, 120 mM tris-maleate buffer(pH 7.4), 6 mM AMP, 100 mM potassium phosphate buffer(pH 7.4).
(A) The concentration of yeast cells was fixed at 60 mg/m/ and the concentration of XMP aminase

was changed as follows.
-A- - Ounit/ml, -W-: 36 unit/mi, -O-

172 unit/ml,

-73- ¢ 108 unit/m/

(B) The concentration of XMP aminase was fixed at 36 unit/m/ and the concentration of yeast cells

was changed as follows.
-A- 1 20mg/md, -W- . 40 mg/m!, -C-
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Fig. 7. Conversion of 5-XMP to 5-GMP by coup-
led reaction. The reaction mixture was con-
tained 1.8 mM 5-XMP, 17 mM MgCl,, 240
mM (NH,):S0,, 120 mM tris-maleate buffer
(pH74), 6 mM AMP, 100 mM potassium
phosphate buffer(pH 7.4) and 36 unit/m/ XMP
aminase. As the source of ATP, 60 mg/m/
veast cells and 6 mM ATP was used, respec-
tively.

Glucose concentration: -M-
Conversion ratio(%): -@- (yeast cells) -A-
(ATP)

1 60 mg/mi, -[]-

: 80 mg/m/

XMP aminase 36 unit/m/¢} 54 7z &% 60
mg/ml-% 7}3ked 5-XMP9] 5'-GMP=29] %138} uh-5-
S =883 A3} Fig. 7ol 4 o+ 9%l 1.8 mM(65.6
mg/100 m/)) 5-XMP2) oFf 71%~7F 5-GMP=Z %igt
Hojok kb ATPozA 54 Hx a7 A
R ATP{% 6 mM 7Hal-& 79 521 7bake] 89%9]
HE-E-S B}

m =

ofuiz] @7~ uhgel 5-XMP2] 5'-GMP&e] &4
A A58 918l Escherichia coli CH 41(guaB  mu-
tant) ZHE] 2 A 4§ XMP aminasel| Saccharo-

myces cerevisiae? glycolysisS %3+ ATP A &

woistedct. AHE ukgo] ATPlo2: 574 7%
2R P g Ae)glon, st whe-o] A &10
w pHE F2b 40T, pH 7493t} =8 100 mM glu

cose, 100 mM inorganic phosphate % 6mM
AMPell A 7H4F =& #sbgs 2ok Ariel &
A 4] 36 unit/m/&} XMP aminase?} o) 88 73-¢-
AR Erl= 60 mg/miE F¥-slgdon, HA 7]

o 2] 6A17F whg-A]
XMPe] °F 71%7} 5

1.8 mM(65.6 mg/100 m/) 5'-
GMP® AztE gt
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