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5'-Phosphodiesterase hyperproductive mutants of Aspergillus niger.

Funsuima, T., R.

Yamane, T. Kivanacy, K. Ucnina, and H. Yosuwo (Research Laboratory of
Yamasa Shoyu Co., Ltd., Choshi 288) Hakkokogaku 57:187 —194. 1979.
A strain of black koji-mold, which hyperproduced 5'-phosphodiesterase, was isolated

from soil.
istics.

This strain was identified as Aspergillus niger by its taxonomical character-

An 8-azaadenine and 5-fluorocytosine resistant mutant FS-44 was successfully

obtained from the above
N-methyl-N"nitro-N-nitrosoguanidine .

treatments
The resistant strain showed 5.5 times higher

strain by

with  ultraviolet light and

activity of 5'-phosphodiesterase than the parent strain, though it resembled the parent

strain in appearance.

Phosphomonoesterase in the resistant strain was inactivated by heat treatment at

80C, pH 4.8 for 12 to 24 sec in 0.5 %

sodium laurylsulfate solution.

5'-phosphodi-

esterase solution from which phosphomonoesterase activity had been eliminated by this

treatment was applied to an RNA digest prepared by nuclease P, digestion.

The 5'-

phosphodiesterase treatment diminished the dinucleotide fraction and gave 4% increase

of the 5'-mononucleotide fraction.

B 51tk > TL¥A Candida BEEREERITIE,
35’ FAF T T ZF AKESOMICES—E L FD
2" 5 R RFC T RTF VIEESHELEL, TD2 —5’
RRAFC T RAFIKERIEIR 2 L7 —+ P, [CiEHE S
RU, -T2V 7—% P, it 2BRY ¥EED
SEEIRPITE, 25U I LAFEVBRET AL E
pEsnTVa Y S5, BED S Y AR
BHEKTHHN T 28, BB T pH DEVWEHAFIR L,
35 KR RFC T RAF RN 5 R R KT
FMEBITERBL T, LrCnEBo LTS
I B OREHBERL T 5 C LA S D - 12
EXLIL, D2 25 FRAKRU T RAFNVKERRY
BT 5-F 2Kk 22575 —+ (BT
5-PDase LBEFRT %) % RIRBE208KICO>WTEE
R PITOEE R HIE L 12458, 5 PDase BAEEEHK
XEMEICREIN, CThOEED D b Aspergillus
miger AHU 7117 DHEET % 5 -FPDase DEEFHIME
CONTHIE s U7z SE X 512 5 PDase (&

PEBAICEEL, HETAFZAFE/ ZZAF T —F
(LLF PMase &BERRT %) OHEEROEVEHE Y
L BRRICGRRL 12688, TERDRIIETO 8 X
DEEL T M471-2 3, CORBICER T A2EKT
HHTEHMHBELT.. T MA4712 EIKE L THE
EERNE2T, 5-PDase HAEZRKOKREIC
BBBEERMIETME CHAERE7F oD 8- 7
7RI 5Toe s b U HEEOREB ST
PERALIZE A, BREKE LT FS4 218, C
OEEDOEFEST S 5 PDase itk 5% 2—5U 5 L%
F FORFEEHCHONWTRE 2MNMA 2O THRET 5.

B 5 %

THIVRBEOSRKE  SHiL D EELI-LE
g 2BWEL, THicEK 10ml 2in4A28TC, 3047
REE 5%, LBEK 0.2ml 2 Vv3—-X - TS |
BIHhOD L » — LICHEEE L, 28°C, 4 HRGESREL 2. 8%
BIRTH, BREOAZ VI —R « T b EXE

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

188 BE #ELS

BEETE $57%

Hic 9B L 12,

SMRAEY Sra-25%, KYFh0.05
%, V_B1HYT7L0.05%, VBE2HY D AO0.5
%, At v D £0.04%, W~ 22D £0.04%
WDOEMAI NI~ « TN e TRER S S U
1.
MREEEYSIUVHREORMN 578k
200ml BA=MA7 523 cBFEL, K S5ml2AFKD
I LT A, BEHEEL, 28C, 3 HREELI:.
CoE&EBIC 80ml pkR2INAZ, 28T, 1BMIRE
SHHEARL, AHPEERKE LI,

5'-PDase & & O B & 12.5mM 75 =9
(2'>5) 75/ v 5% (pH 4.8) 0.2ml |CBEFEK
0.2ml 2inZ, 70C, 309rFERIGH, RIGHK 0.05ml
PERIE UT 3 BEBBKR 2BHE L U TAEERKE
2175, BRRLIZ7F /vy, 5-7F A BB
EAD7F= IV (2>5)7F/ voDREy N2y
bikx, O.INiEEE6ml! THIHL 2. EXXy bD
ODy, %2 HIEH, ZOBAEL D 757 =Y 2 (2—5)
TFEUUDRREREHU . BEEHOERRIL,
FREHTTClI4 70 0% 1 HETHRT AEEE
B 186 LT.

PMase ZEHORITE 25mM 5'-> F U VEESF R Y
v (pH 4.8) 1ml, 0.028M ~uw — ViEE K (pH
4.8) 2ml |ZEEFEK Iml 2104, 60C, 304 RIS
T5. RIG0DHL P0G 1ml 2& b, &
R 1Y LB R 7 LD CRIE L . RISHIC
ERUIZER) 8L, 1RICI <47 0800
AE» BRI ABERR2 1 BALE LT,

ATIZEREDER

1) $ARES B U TEREE M471-2 &%
2F0.85% BtEKICKT 2 BE (10°~10"faF/ml)
L, 10W o v 5 7% B T30emDEERED> 5 908D
e LTz, T OB killing ratio 1399.12% Td - 1.

2) N-Methyl-N'-nitro-N-nitrosoguanidine (NTG) &L
i 7B 20ml 12 2mg/ml » NTG Bk
20ml 2hnA, TET2REAMER, BO078ICL -
THRT2%£Y, BE/KT?2 A5ES L ERICEEKTE
HICRUTz. 2o NTG iz X % killing ratio (&,
34% TH 1.

FREmEMA  HEL - REEERI B AR
DHLDOT, B+ RE@MERRIELTIHFF P
BIXFHF A F2.50, B4 A+ RFEREHERIE LT
Za—Ly 2R «X—2 MW, HEREERTHIE LT

7/ BFE 8XO7 /v LG, 34 # L RAEELEE
LT/ =42 HS210 8L/ =+ NS260 T
»5.

X B E R

EWMRMMBE(CL D 5 -PDase & EREOD#H L
733/kfA & b 3,556 B KD BB 2 7REL, 5 -PDase
KEEERENE {, ZD L3t T 2 PMase FHDEVE
BB U kB % Table 1 (o)L 2. B8 CH#
REfRE UTEELT A. niger AHU 7117 i3, Table
1 XhBELIc L SiC, #FET 2 PMase iFHELE
{, Ttz PMase DERFICEME ISIERNESE L
1z, BB OB IZEBMED > b Table 1
DOREM 7 EBKEIZ, WTH & 5 PDase 7E#:Z
A.niger AHU 7117 X b 2 ~ 4 [EE . 1T 5 -PDase
7ERE 16,008 {i7/ml, PMase & 0.92B{A7/ml %R L
TrERME MA71-2 P EREKE L TEEL, UK
DERNEEDOEE L.
5-PDase £ EREOBMWATTREOER F
BEREBNRINETOLEBL b oL - EHE
M-471-2 28k & U, FIEDHE CENERS 217
S>t. TOENBEHK S 4amM 8- 7 ¥ 7 5= 8
& OF 0.01% a-naphthyl-5'-adenylate &% " )L 2 —
R e RFNOBEHICHEE L., ZOHE 8775
= Ui OHERIZ0.028% Th -1, DL
LTCEI 87757 = 8§ 2,700 ¥kd> 5 -PDase

Table 1. Distribution of 5’-PDase and PMase
activity in black koji-molds.

Enzyme activity (units/ml)

Strain
5'-PDase®  PMase"
A. niger AHU 7117 4.080 5.947
M-10-4 9.523 6.324
M-33-4 9.727 4.323
M-121-8 9.942 0.640
M-123-3 9.918 0.915
M-244-1 16.317 1.500
M-471-2 16,367 0.920
M-593-3 16.947 3.950

) 5'.phosphodiesterase activity was based on
measurement of the amount of adenosine and
5-AMP formed by hydrolysis of adenylyl
(2'— 5’) adenosine at 70C, pH 4.8, for 30min.

b) Phosphomonoesterase activity toward 5'-CMP
was assayed by measuring the amount of in-
organic phosphate liberated at 60°C, pH 4.8, for
30 min.
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Table 2. 5'-PDase production by mutants derived
from A. niger M-471-2.
Activity (units/ml)
Strain Mutagen Characteristic

5’-PDase PMase
s Wild 16.367 0.920

uv
R-1227 8-aAde” 23.000 1.130

uv
FC-978 8-aAde”, 5-FC* 29.972 1.240

NTG
FS-44 8-aAde’, 5-FC" 89.837 1.720

EHERE L IASE, R1227 BOSEMD LABORE 7 9ibF LY 9 &% 284 Ko s nLs )

MTh 17, RICT D R-1227 iz X & 18BN B4
2, 2pg/ml O 5-7uov by LF L~
A« TR AEHICH S ATHBEEOR 7Y —=0 0%
Bz, 2 57wy by UREEOHBRRIINL
HITEO 4.5%x10° THho7l. TH 5 7v0 vk
Ui EERY 1,500 ¥k,  5'-PDase FHEDR L &HW
BEkkix, Table 2 JZ/RL 12X 9 i FC-978 THBED
#91.8 f%ic 5'-PDase {EHEDIE®RINIZ. T 87
FFzLEIL ST oY by OBHEEO
FC-978 |z NTG Ml %7\, £EBIFoEk % BIR
L, 5-PDase £EEREDLERAL EHKRIC OV THIEBTF
DI bhEKOMILET . ZOKE,
5'-PDase AEBEREASEIBEOD 5.49 {SiCi8i% 3 h FS-44
218tz —7F, FS44 o 5-PDase it %7 5
PMase jE#I%, 1.72B07/ml CHED 1.87 5 Th -
rZ. 5y, PEFELRETCEBATH 5 EKH
M-471.2 1%, Black Aspergillus 04335 7 1z 5 214,
B2 2 B TRETIRER S5um LT THRETNIEE
LWINRER2BT AT L XY, Aspergillus niger |
BI2EEEAREL. BEBIUOATERK FS-4
DOEEBNRY, FEREEEL L pH iidiz t A
E%%‘iﬁc)ﬂfif)") 1z,

%18 PMase JHEX| ORI BHEOLEET 3
5'-PDase %E¢f RNA DX % L7 —+ P, 3BHKIC
BRL, 25 F2F82 227 VEERTRL
TS5 LAFRFONER LI BE4, 5 -PDase
LTI A PMase 1EHELE, 5 -PDase 0#90.05 %L1
T, ¥72b b5 5-PDase iE#:AI 100 BAL/ ml/s 51
PMase I 0.05 AL/ mlLA FICETF w5 & 45
WWRARHTH 5T L 2EEGITEBRINICES»icLT
%, EEtE PMase OREEHIE LTid, BED LT A

)T UBBIT L S RF y@fo'”) ¥35 40
— v BHE TV B, ERE FS-44 OBEEN
{L W T EEC PMase HERIOER 2B LIz C
%, PMase CHEFHZRT & 0k, AKIC
5 -PDase (3t U CHEBEBDEEEAMBR O NI, F
tz, 7oy ‘/@13) BIONIToszxsr 43
F (NBS)™Y 13, [GIBEIZHE VT PMase & b §
5-PDase #J hi{BHEL. 372H 5 NBS 0if
&, PMase {3 250¢M BN TII2KER2Z T 2h
Stzoiet LT, 5-PDase 13# 99 %FHE s 1,
PMase free ¢ 5'-PDase BT 2 LIITxgd»
7.

BMAE(CL D PMase D%KFE KT BEFR O i
BMMEDZE L, 5-PDase |C#ET A PMase D%
MEEED E S b RRELIZ. $75bb, FS44 L b
FAB L I-BEFE W (5 -PDase 135.858if7/ml, PMase
4.15B407/ml) % pH 5.0 |cIHRHE, 60~90C, 1 ~
307 MORILER, MBROBREEH 2RIEL 108
RB2RUIzDH Table 3 T, 5-PDase L b
PMase O HHE#EDTFTC & HHBELIZ. L L
Zhe DB CE 5 -PDase |23 %4 PMase i
#i30.27%THhHbh, XPEME L120.05 %L TiTE
L7, FS-44 BRpATEHE hBERLL
BRI P BRER T £ b o 2RINL T S s R Es
BFEW % DEAE £ )vu - 285 ATHELIZET 5,
PMase /&3 4 BEcnplah, CORBEOERE
‘5‘6%{2&9{- PMase |3 multiform Ta 2 T & H5¥|85
U, T 45D PMase %»[EIFICKTE X & 2 0H
ERRWIZTERBE TRV EFRaAT.

REEURFAETICK(TS PMase D#LTE
EEZELIE, Li5OHRDEIR T > 2 —¥OWFEH,
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Table3. Thermostability of 5’~PDase and PMase.

Heat treatment 5'-PDase PMase
Temp(T) Time (min) Units/ml R.A{(%)* Units/ml R.A(%)*
60 30 42.97 31.63 1.07 43.67
70 5 109.91 80.31 0.69 28.16
80 3 111.80 82.30 0.34 13.88
90 1 112.27 82.64 0.30 12.24
Control 135.85 100.00 2.45 100.00

Enzyme solutions were incubated at temperatures from 60 to 90°C, for from 1 to
30min at pH 5.0, and residual activities were assayed and expressed as a percent-
age of the original activities.

2 R.A: Relative activity.

Table4. Effect of surfactants on 5’-PDase L &I WOAKANERCREEERZ2HBMT 22410k
and PMase in heat treatment. D, T2 7 74 —CDARBEREMICEEIRTAC &
Surt Remaining activity(%) ffﬁk‘ffl/f:@f‘,m ABEFICOWT b REEERIO
urfactant 5 PDase  PMase TRIVSRIC SN TRE U Te. RERE SR ORINE
Cation P 74.46 6.66 20.1% &L, pH 4.8, 70C, 1593 0ONE % [T
Cation F2-50 83.71 7.65 - 124§ H5 Table 4 T, PMase OKRERDEF
Newlex Paste-W 88.55 2.61 DX, BAA L RTIEHIFF P, #F4 L F2.50,
Anon BF . 80.08 27.20 BAACRTIE=a—L oy 2R+ R=2 W, FHER
SM?L%S ;&“' 6.89 mEEMHEITIAT/ L LG T, T bEA A LRR
onfon -210 9.18 24.97 BB 2 —L v 7 R » <=2 WA § o
Nonion NS-260 78.25 26.95 PM sy B o . .
None 81.38 94 36 ase KIERPRUIZ. COBRA F > RATEES

: : Za—ly PR e R=2 MWOERIMNE, FFox
Surfactants were added at final concentration of . . l ) .
0.19%. After heat treatment at 70°C, for 15min. CHLRANERF L) LEDT, FEAK
pH 4.8, remaining activities were determined with Bl UOMEBILEYOEIEIC L 5 PMase LiEOIRR
aliquots of the incubation mixtures and expressed as PEDEIC SN THRET L 72458, Table 5 1CRL T2 X

a percentage of the original activity. Surfactants N e X
were purchased from Nippon Qil & Fat Co. Ltd. N, FFUNMRUE U ZNVK S Y DA LERE

Table5. Effect of sulfonate and sulfate compounds
on 5'-PDase and PMase in heat treatment.

Remaining activity

5’-PDase PMase

Sulfonate & sulfate compound

None 93.73 45.78
Newlex Paste-W 98.71 1.26
Sodium sulfate 98.35 42.17
Sodium thiosulfate 69.89 39.75
Sodium dodecylbenzenesulfate 89.84 0.96
Sodium laurylsulfate 100.03 1.17
Sodium chondroitinsulfate 104.51 42.76
Sodium p-toluenesulfate 105.21 57.24
Sodium m-sulfobenzoate 97.46 52.23
1-Amino-2-naphthol-4-sulfonate 16.25 ~  50.95

Sulfonate & sulfate compound concentration: 0.1%
Heating conditions: pH 4.8, 70C, 10 min.
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Table6. Effect of sodium laurylsulfate on 5’-PDase
and PMase in heat treatment.

Heat treatment 5'-PDase PMase
Temp. Time Activity Relative Activity Relative
(c) (sec) (units/ml) activity (units/ml) activity
12 61.89 53.56 0.051 2.25
90 24 41.84 36.21 0.028 1.23
48 32.71 28.31 0.025 1.01
12 87.29 75.53 0.032 1.41
85 24 88.16 76.30 0.024 1.06
48 65.98 57.10 0.012 0.53
12 113.93 98.60 0.030 1.32
80 24 112.60 97.45 0.033 1.45
48 103.27 89.37 0.023 1.01
Control 115.55 100.00 2.270 100.00

Sodium laurylsulfate concentration: 0.5%

B> PMase LEXR2RLUE 5 -PDase DEFZEE S
RUTALEMNE, 59 Y AHiEEF M) T L Th - 1.
I DT Y VKBRS b Y U ARG T, B, G

0.14~0.20M (pH 7.6) OMEIEANE (2BH
11) %f7-124%, BHA% 0.5 NKBE{ELF ~Y D A
bz, AV IR vAFRERBHLIZ. BT A

BOMIIE 21T, PMase DKEREZRF LD OBHEFICHD, X7LA LR, 58/ 251 F
h5 Table 6 TH%. ZDRER, 72 Y VEfiEEF b Y Lo p—
9 4 0.5 BHEET CREER % 80°C, 12 ~24 FRIRUL g | -EL"”’]
HTACiickh, 0.05Mfl/ml LIFD PMase i & o5 o
s, 5-PDase OFERGFEBFEEMIL 98 BIEE T, ; P 1oooj'\‘1\z—:o—
HEYE Utz 5 -PDase D 0.05 %L FD PMase i & Lo T
0D C L ICGEAT B BIFIRERAE bt O I O O I U

BB RNA OXIL7—H P, 3RE~AD s 1 o
5'-PDase 2F L FS-44 @A?i%iﬁ%%?&m5 [ 200 400 600 800 1ooc/VU12:o
T Y HEEF N Y Y AR 0.5 %5, 80T, pH Fraction (ml)
4.8, 12 FRYEMLEEL 72 PMase free (D 5'-PDase %, Fig. 1. DEAE-Sephadex A-25 7M Urea column

B RNA oo L7 —+ P, BBRICEML, pH
4.8, 70C, 3WFEIMELT. 235, B8 RNA 1g £
D 25 DRIV EAFRESBRT HDIC,
5 -PDase %#970 EAIZRNINT 2 L B ETH 3. T
DEBEERIZ, 25 X I LA F KRBT 2100
BEoHRBEREL Hh HHES 8- T03, Thid
RNA DR L7 —+ P, itk 3 08ick - TERL
tz 5- 2 LA F KhH 5 -PDase e L CHEEYAE
2LTWBIZDTHA. 5-PDase {[G¥ % DEAE-
€7y F o7 A A2 D IMIREHLT LUEZTW,
DRERMONN 272 bbb, TMRE
23{r0.02M b ) 2EEHK (pH 7.6) TEELL -
DEAE- £ 7 > 5 v 7 2 A-25 (#20mm, £ X400mm)
hTLLRREPREL, TMREZETFCTARE

chromatography of nuclease p, digest of
technical grade RNA (A) and the digest
treated further with A. niger FS-44 5'-PDase
(B). Each digest was applied to a
2x40cm column of DEAE Sephadex A-25
equilibrated with the urea Tris buffer system
containing 7 M urea, 0.02M Tris HCl buffer
(pH 7.6) and 0.14M NaCl. The column
was them connected to a 1,000-ml linear
gradient of 0.14-0.20M NaCl! in the urea
Tris buffer. After the linear gradient, elu-
tion continued with 0.5 N NaOH.
Ten-ml fractions were collected at a flow
rate of 2ml/min. The peaks 1, 2, 3 and 4
were confirmed to be nucleoside, mono-
nucleotide, dinucleotide and oligonucleotide
fractions, respectively.

was
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KRB 5

BB mo7%

FR, OXHILFFBERA VIR LAF FICOE
ah, RN (260nm) ITHTE/ 757 v 5
COFEERPEH L. Fg 1l wwRLIZE ST,
RNA O 7 L7 —+ P, BRBEAICEELIZ2—5
FRARUIZRFUEEGREL U X I LA F KA,
ZEMME D 5 -PDase 2EAIWACLICLHIFEAL
HEUIZ. 92bb, 5-PDase YEFIH T L 124%
R, 5" F/XILAFFBIFR I LAY KBRA
3.81 %L1 0.64 BWEML, —HCRXILAFKE
A VTR L AF PR AX 4.28%L00.22%
WAL, 5-F/X2LvAF FOREHELEL VS BN
IIITBET A EMTET.

x »®

B RNA L h 5-x 2 L4 F FE»ET 2 5%
LTI, BB RNA OBEESRIE S LEE (B
RNA 2{t¥Micx s v~ RETHRL, 6129
TZD5 K% »Bit) D2 >0KFEMH Y, 2h
ZhIE/LshTWA. FIEOES, BR L H Bk
HETHBL 72 RNA diid, 3~5%M 2'—>5 &
XIUAF RDELEL, 5Lt F FNERETF
XErEREL TS, LL, TDLES5
2’5 FAFUD T AFIIEESPE T LVELSYE RNA
OB L H ORBE L EREI AT o
255 UR I LA FRENERTIBROEHNEE
B EMBEICOARET 5 & 2RIBICHEO TRV
L, SENIBERAL b 3 5 IcEBAEEEO B 2R
HIZOTTH3. RREUNOHMEYICONT
5 -PDase OAEERESPRELIZE TS, BlAIIHEHE
Tdh B Streptomyces tanashiensis 1AM 0016 D ¥K{kLL
BTIX, B4 0.033 Bifir/ml, BE{AP 0.035 Bf7/ml
(k2 ML, EEHBRBREECTRE, kEL, L
BB E L VR 2 BOOEEBRRICERLUIZ D) &
WERTHYH, o272y (2>5) 75, oo %
EEELTHR#FLIZET A, 2 -former (O PDase T
 HBTEHYIBAL T, 1 Pichia farinosa TFO 0193
Tix, 0.016 Bifif/ml, Candida polymorpha IFO
0836 Tit 0.019 Bfi7/ml, Rhodotorula glutinis IFO
0559 Tl 0.043 BRI/ ml DIEHEHSDH - 12535, LWIFh b
2'former (D PDase CTEiEAABE TH-12. 3561
Bacillus subtilis 1AM 1033 T3 0.066 B L/ ml,
Bacillus cereus 1AM 1110 TiZ 0.041 Bf/ml o> 2'-
former > PDase fE#EDSH - 12403, BRI OB E & A%
iz, WTFhBEERILOAGE BRH Sh . ko

L1, RRELNOHMEY, T2bbBURE, &
B, MEOSXBEKICOVWTRE LI LTS, 2T
DOHEABERICMGID 2°—5 O X 7 Lt F K%
DN, BEME LIZE g 2 -former D
PDase DAVFEELZOVREAITH -1z,

5-PDase HAERMELREKOERICHIZh, &
BEOW 8 7HT7TF=oBLIT 5 von Yy Ui
BORBR2ZAY ) —= 7OFRELTH . Th
ORBBEBETME TH AEE 7 F v ViTnd 3
MEE2EET A Lick b, SEREAYOBEENE
BE»mELizciv@EIhTHS. FlZiL,
Bacillus subtilis D7 57 = R T, o7 7+ —+
RIEHEL DEBED 8-7H 77 = ikt 2 HH L,
BEL b1, v U EEBEMS0~T0 B LR LIZE NS
KRS 0)%%,21) Brevibacterium ammoniagenes KY
13102 ¥k L H (KB 6- 2 v h L+ ¥ 7 = Uit D 4
U EERERBLEZE L 8EP o G
rynebacterium glutamicum KY 10260 | 2- 7,04 a7
Fo UGS TAC LItk h, exFU LI
77 = h 0.5~2.0mg/ml R EH 17K 6 DH
= s 3. AWICH) 3 BMEO 5 -PDase LR
EREOERIL, UTOZEAFICLI>TIT-12. T4
bLEMEIZ, 4mM O 8- 7 ¥ 7 F = U BMEET
TIXEEFE Tx /5. UL a-naphthyl-5-adenylate
HETFT T, 5-PDase OAEMOE VEHKOBE
a-naphthyl-5'-adenylate 23 s iz R HE$ 2
5-AMP 5 8 7H¥ 7= s EHT A EiITL b,
B7HT7F= i AEBHESEBRINS.
phthyl-5'-adenylate X h 5-AMP OAEREBDOZ WV H
B, 97205 5 -PDase HFEREDOE OEKD AL, B
REMICEBT L TL 3. COFBEIRE > TEIERSE
R-1227 @ 5'-PDase {&, 8D 1.4/5ThH->12. 5
Joay X, @i AUERER 2R 5
B TERIN—E#DEZ 7 RV I o D—ET
dbh, REICHL CTRVEER 27T PGS
nTtzs® o s5oo0y hr L OREICHT B
BRENIZ, HEMRIC 55700 Y kL UAELDA
Fhas, FT 570095 M7 27 AN 5.
LD 5 7vev5 vnidEEHEA T FAUMP (22 # X
f, dUMP ¢ $55L C DNA SROBHEKIGETH %
thymidylate synthetase %Bﬂ%zs'm@‘ ArantTwna
A, 5-7vwav5 0 RNA RADOBR HAAITE
% lethal synthesis & Zx6nT 22 Y wEwa
Bt U THHEER 27RY 570w v b v Ot

a-na-
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5" F 2%k 2F 5 -YEERE Aspergillus niger ¥

193

BEIET AT LILL D, HAHEE T 5 PDase A
ELREEVPHBET AL 2HBFLUTREL IR,
5'-PDase H3EIRkDKI 1.8 f5ICHE T - 12 FC-978 %»1§
7z.
PMase % &% /51> 5 -PDase 2FEBIT 5 HHEE LT
X, PMase [HEFIORN, BUEZEIC L 5 PMase
DYIE, X 5i2id PMase DOAEEMOEWEKEOER
NEZ 6hH 2 PMase [HERNIC OV TRE L IR,
PMase 1zt U THS/sBEZEIZREEC 5 -PDase % ¢ fH
ET A ALz, REmEHERIRIEEICL b
5'-PDase (D875 LT PMase %FgrFEd % C & HSEJRE
Esh, 5/ XRILFAFFONKREHLICERTS
A& Hitis-1z. {& PMase £EREICEAL Tid, BE
REAHPTH 5.

B #

1,255 ®F 2KV 2257 VES2PNBRT S
5'-PDase jEMDE & > HOH7FET 5 PMase OEERD
ECRBE YL DREL, Aspergllus niger b
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