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Abstract

As the first step of domestic developmint of the nucleic acid-related compounds, purine base required
auxotrophs from Brevibacterium ammoniagenes ATCC 6872 were derived by the ultraviolet irradiation
or the treatment of N-methyl-N'-nitro-N-nitroso guanidine (NTG), diethyl sulfate (DES), and ethylme-
thyl sulfate (EMS).

The optimum conditions of mutation by means of several mutagens were induced respectively. The
vield of mutants was 0.083% by the ultraviolet irradiation, 0.67% by the NTG treatment, 1.1% by
the DES treatment, and 0.45% by the EMS treatment.

Six strains among 239 auxotrophs were screened out to accumulate 5'-IMP in the culture broth. Cry-
stalline 5-IMP was isolated from the culture broth of Brevifbacterium ammoniagenes adenine-guanine
Amberlite IRA-402,

less mutant D-21530 by the use of anion exchange resin, and it was identified

physically and éhemically as 5’-inosinic acid.
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Brevibacterium ammoniagenes ATCC 6872 & &

B2 Agsgld
(2) @R

gokg FHlolsd Efo ALY WAL meat
extract 1.09%, yeast extract 0. 3%, peptone 1.0%,
NaCl 0.3% 2 agar 2.0%¢] nutrient medium &
213 49 %] (complete medium; C) 2, 8]z Misawa
ango] ALE&-¢ Minimal medium & ¥z HI
glucose 2.0%, (NH.):S0, 0.3%, KHPO, 0.1%,
KoHPO, 0.3%, MgSO4-7H0 0.3%, CaCly-2H,0
10mg/L, FeSO4-7TH,O 10mg/L, ZnSO;-7H:0 1mg
/L, MnSO4-4H-4H,O 1mg/L, L-Cysteine 20mg/
L, Ca-Djpantothenate 10mg/L, thiamine-HCl 5mg
/L, Dbiotine 30ug/ L, ueea 0.2%, casamino
acid, vit-free 0.1% & A MM) 2 Fo o
7]o] adenine, guanine & 77+ 10mg/L HA A7
3] A 7} A (suplemented medium; §;, S, S3) &
g3tk 4 Wi NaOH=Z 474 pH 7.3
oz 2AWF 120°C oA 208 7HHAESH
A-g-3tgl e},

(3) Purine 9Y27F 2alWy

FFLFF o190 Lichstein 599 MRM
% Aeyiez e Fig 14 nE shgo)
A9 Brevibacterium ammoniagenes ATCC 6872
£ Hawj A —& activation A F FAE o

‘ Mother strain ‘

I

‘ Minimal medium |

! inoubate with shaking
| for 22br at 30°C

, Cell suspenson l
| 107—108/mmi

‘ Treatwent of mutagens l
| uiv, NTG, DES, EMs*

I *P.G treatment ’

l 400u. /ml
linoubate for 30min.

l Plate on Cmediuml

l Plate on C medium l

|
i
Replioation ‘
l
, Slant l

Fig.1. Process of Auxotrophs Isolation

3 o)E SR 2~38 FFHor AP
o] 107~108 cells/ml =7 34§ FAHGIL A
B2 9

UV Bate FAd 99 20 ml £ petri dish (4120
mm)o] gol, AR 30&Fe] LEkAzl UVE
(15W, 2537A)¢) S4ubato] A2 20~60cm, =
A4 7L 30~12022 7 2AAA ZARELE dark
place o4l 147 AAske] ColAe] plating 5L
., =& NTG (N-methyl-N’-nitro-N-nitroso guani-
dine), DES (diethyl sulfate) @ EMS(ethylmethyl
sulfate) 5] Hol N E 479 5%, A7
W2 A AR FAE rox =AY
G2 2~33 FEHes FAE AZIE A9
B A3t Cul Aol plating 3} v}, 30°C <A 40
~A484) 7} ul] ok3le] A A= colony &= Lederberg u}-
W a9 mpel Yol A Sy, Sy, Sgoff replication 3o
purine 9§ & FFE £ 3tgivt. =3¢ Davis 59
g @] 2]3}e] penicillin.G (P-G) A& wwy-&-
HE&E L oo web whE Ay ot

@ A&

Hadn A B L EES paper chromato-
graphy $:@03} column chromatography g:® & AR
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2 orcinol HF-E@PEL o] L3le] HEFH oz FHal
st

o] 2 A A E -2 ultra-

R AU R
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(71) Purine BT sRikol
Brevibacterium ammoniagenes ATCC 6872 & Z F
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Growth Response

T4 AR AR A 244 7 7 gl
oFate] 3telstglon], adenine H7b A o A
A -8-8}= AL adenine @ FF, guanine 7} H4
vl A &3
guanine $AA 7 214 4 45He
guanine EA] 8 752, 2] 7 adenine ©] 1} guanine
F o= szt AU HamAAA P&
2 purineless H o] F 2 3t o}

A& guanine £ 75, adenine-

1 -¢- adenine-
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Table 1. Growth Responses of Auxotroph Mutants,

Addition growth

Genotype
MM S S S; C

Parant* + + + + +
Ad- — + — + +
Fu~ — — + + +
Ad~,Gu= — — — + +
Pur~ — + + + +
*Brevibacterium ammoniagenes ATCC 6872

$; : MM+Ad S; : MM+Gu

Ss : MM+ Ad&Gu

+ : growth — : no growth

(b 2E BREEH REERES

AR EA YATFE 2 gHez R
$18te] UV A 2 NTG, DES, EMS£& 4§
AR ZARNA A R Wl e s Auw A%
Table 29} 2& HAA2AL Faslch

Yos YAAAEL AAEFY EdE
UV, Xoray 59 @94 x4, NTG, DES %9
alkylating agents 7} go] AL&5r HFAdx

Table 2. Optimum Conditions of Mutation with
four Mutagens to obtain Auxotroph

Mutants.
Mutagens  Conditions git};h;% M;gaggm
uv 30 cm, 1 min. 99. 986 0. 083
NTG 200 pg/ml, 20min. 72.5 0.67
DES 0.32 %, 90min. 99. 44 1.1
EMS 5.0 9%, 60min. 87.32 0.45

NTG : N-methyl-N’-nitro-N-nitrosoguanidine

DFS : Diethyl sulfate

EMS : Ethyl methyl sulfate

Mutation rate : Peroentage of the number of au-
xotrophs against that of isolated
oells

DES 7} Mutation rate 1.1% 2 74 <F3sig =
NTG, EMS, UVgog gk o&fd 33
Misawa@"1} FEZ WO Ao A x B4 glor,

T B #RAEE Yz Yo =3 ERE
2] A9 UVEAlt DES A9 739 9%014 &
2 2733} A Mutation rate 7} E£gtov}, NTG

v EMS A 28] A$& 933 FEREe] ¢ 3
S e SRS wols AFL BT wd g
olg . = penicillin-G X AL AR

o] Frtste AL A2t dRAUE A
W4 deA gse,

HE5g Hol 25 WABEMY FF o o
JeTAY L5 2AE A3 Table 304 =
L ulelgto] & 239FF 69 %2l 165 7} adenine
8 FF9 3 adenine-guanine A L FFe 7FE
A 2.9 %utell k=] 9l 7] non-exacting purined] F
L25FF7} 41 52 adenine § 75 thgo & wgtr}

Table 3. Isolation of Puriniess Mutants from Brev.

ammoniagenes.

Number of mutants

Number appeared

Mutagens of colonies

tested Ad~ Cu~ Ad~, Gu™ Unknown

uv 44,578 11 2 — 24
NTG 8,358 45 7 1 3
DES 9,909 83 13 4 9
EMS 8,222 26 4 2 5

Treatment condition of mutation is same as

table 2.
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WRFEK THEE 39 UVzAY 734 non-
exacting purine 9§ F 8 FF71 o] WA wiw
718 Mutagen 52 85§ 482 i},

(2) Purine SIEE kol I3t LEMKHR
ER

Y53} purine QYL FF 12955 30ml o} 2
A g 32 500m/ A gg 347 flask o] HF3}o
4~6 A7t A e vl okFt 3 vl ¥ 9 & paper chroma-
tography ¥ 2 column chromatography o2 A3
AES I, A% A 53574 A9 FFE
A& A48 2n, adenine §F2FF % hypoxa-
nthine 7 #E-S, guanine § k2 FF = xanthine
F® HHEE, 272 adenine-guanine 5-A) 9} o F-
4+ hypoxanthine & Z-& xanthine % #8< 4
sehg ot

ol F 5-ol A AL BAYsE HolFE 650
<] 3] 2.5 (Table 4), 9 2-& Inosine ¥} hypoxanthine
& REll4:3g o1} adenine-guanine ¥ A 8. FF9] D-
215302 5ol Al 4tubg AF#F FA3A

“Table 4. Some Auxotrophs Derived from Brev.

ammoniagenes

EE'~IMP -Nay- 7H;0

Auxotrophs Genotype Mutagens g /ml)
U-458 Ad~ uv 1.7
N-346 Ad- NTG 2.2
N-653 Ad~ NTG 2.1
D-10035 Ad~ DES 2.4
D-21530 Ad-,Gu~ DES 4.8
E-367 Ad- EMS 1.3

Fermentation medium: 10%, KH,PO, 1%, K,
H:PO4 1%, MgSO4-7H20 1%, CaC12-2H20
0.01%. meat extraot 0.59%, yeast extraot
0.5%, thiamine-HCl 5mg/L, adenine 30mg/
L, guanine 30mg/L, urea 0.6%, pH 8. 3 with
NaOH

Cultivation was carried out 4 days with shaking
at 30°C.

5-ojx il 4te] P4 FFE WY adenine JoF
STF24 5-IMPA 5-AMP 2 A& @79
adenylosuccinate synthetase 7} A#) 5224 ade-
nine & g Foff 834 = 5-XMP & AH 4
A ¥ 5-GMP 7} IMP-dehydrogenase & feed back
inhibition 3224 5-IMP 7} &4 oddA

A, 281} adenine-guanine E-X} 8 73+ 5~
IMP 2} 5-XMP & o wo] 443t A$7t
Bokow oy de|F& 5-IMP S} 5-XMP & &
Adl A% AE Yotz 2x®  ugte|an,
adenine o)1} guanine THE-§F3o] v)3e] $53
d Hole AR F&dc ol g ALY
W 2lE adenine-guanine 5-A) g FA o] WolF &
4] 4 adénine 3} guanine & L. FTE AR o
2 adenine 7} xanthine & 8 F& wjo) 5-IMP
% 443 x2 adenine 7} guanine & L F¥ wd &
5-XMP =% 5-IMP 8} 5-XMP & E§A44 3
Aoz Azdd,

(3) adenine.-guanine GRS RKE D-21530
s £RPRe SRETE

Table 4 &] 5-IMP A 34752 713 F3sgd
D-21530 strain (adenine-guanine %A §FF) <
glucose 10%, KHPO, 1%, K.HPO; 1%, MgSO,
-7TH0 1%, CaCly-2H,0 0.01%, meat extract 0.
5%, yeast extract 0.5, thiamine-HCl 5mg/L,
adenine 30 mg/L, guanine 30 mg/L, urea 0.6%9)
Wi A]o] 30°ColAl 497 sty 9o LE
9Z Fig. 29 whgo] vt 5-IMPAA S 24

Culturie broth

i {
Supernatant ppt.
Absorbed to activated charcoal.

| Washed with H,0

| Eluated with NH,OH-EOHH,0(1 : 5 : 13)
Eluate ’

lConoentrated under reduced pressure
Ion exchange resin
(Amberlite IRA-402)

| Eluated with 0.02N HCI

—> Eluate
} Neutralized with NaOH
lConcentrated under reduced pressure

Concentrate

Stand at 0°C after addition of EtOH
—ML  5~IMP crystal
Fig. 2. Isolation Procedure for Obtaining 5'-IMP

o )23 & 100°C oA #gAze FFES
e F 9aEAT 23 C30.4 % H3.4 %, N14.
3%, 032.5%, P7.8%, Na 11.6 %= B#H{ES
A8 T4
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Table 5. Rf-Values of Crystalline IMP Isolated

from Brev. ammoniagenes D-21530.

Solvent 1 1 B v v
Sample 0.28 0.17 0.19 0.24 Q.55
Authentic

Ao 0.28 0.16 0.19 0.25 0.55
3E@)-IMP ~ 0.34 0.21 0.22 0.27 0.64
5-XMP - 0.24 0.14 0.15 0.21 0.43
5'-GMP 0.23 0.13 0.16 0.20 0.44
Adenosine 0.60 0.45 0.45 0.33 0.58
Adenine 0.95 0.80 0.85 0.61 0.81
Hypoxanthine 0.74 0.56 0.53 0.52 0.64

Solvent ] : Isobutyric acid-acetic aoid-1 N NH,OH

(10:1:15)

I : Isobutyric acid-EtoH-1 N NH,OH (10
:3:5)

I : Isobutryric acid-ethylacetate-1 N NH,
OH (10:2:5)

¥ : EtOH-c. NH,OH-H,0 (50 : 25 : 25)
V : MeOH-c. NH,OH-H,0 (60 : 10 : 30)

08
Sample Authentic
os} L
P PN
I / N b / \
UL AN N
c L & !
o |-/ \\\ // g \ \
=~ a3 ’// WY I_/:' b
8 FZ— \\\ t:\ ,///" \\\)\
-2 b P
WA 5\
f( azr \\ b“// \\
. X
N\
N
ol 4 S
o i L 1 1 L L 1
240 250 260 270 280 240 250 260 270 280
Wave length (mg)
Fig. 3. UV Absorption spectra of Crystalline IMP

Isolated from Culture Broth of
Brev. ammoniagenes D-21530.
Alkaline (pH 11.0)
—— Neutral (H 7.0)
—.— Acid (rH 1.0)

100

80

60

A0

Tran smittance (%)

20

Ny
- -
= g

{1\ ;{
i e 7{
4000 3500 3000 2500 2000 BOC 1600 (400 1200 1000 800 600
Wave number, Cm!

Fig. 4. IR Spectrum of Crystalline IMP Isolated from Culture Broth of Brev ammoniagenes D-21530.

—— Sample, ——— Authentics

Samdle: in KBr water,

(7F) paper chromatogram o] Rf {#&

244 dAFE FHeol Laiste 1mg/ml 9
892 ulEo] Whatman no.2 chlomatographic
paper o] spotting &t% Z+E AAAE AL A
2o Aeies AAANA ZFEER Hvng A
3 Table 5 ¢ 3}, 5'-nucleotide & 5-IMP $}

5-GMP = A= 383 #a7 e 5-IMP
Eulad MEBmRngEY i Lo 7
o] om F-IMP i} 2'-IMP s} = 58 8= 9l g oh
TG 5-nucleotide 4-& Fs & o4
FAE®g vk 4L W Aoem woh
2AAE 5-ol=A4 d& #FATF Ak
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P XM 8L HelMd F4= spectrum
2% AR ES 1%58d02 39 AgAF

< spectrum & ZAME AF A4 2 FHAE
240myp o A, 28z Gyt Ao A= 252 my o) A

AN FAAE debiglond oA E2E F5F-

spectrum 3} 2] 9349 o} (Fig. 3).
=3 Fig.4ol4 2iuke} 2ol AJAFE sp-
ectrum o] A = EEEF A8 5L F44E
B o4 sgle
(th) Hypoxanthine 9 D-Ribose 2| &

244 4HFE 2N HCl 2 100°C o4 147
FhpE-85te] A A3 hypoxanthine 82 Dowex 1

‘Table 6. Hydrolysis with 2N HCl of Crystalline
5'-IMP Isolated from Culture Broth of

Brev. ammoniagenes D-21530
Hydrolysates 'ml
Sample 2N HCI Y es/ml)
Hypoxanthine Inosine 5/~-IMP
+ — 0 0 995
+ + 302 0 0

The hydrolysates were identified by its paper
chromatograms, and measured by column ch-
romatographic method on Dowex 1Xx4 (form-
ate column),

‘Table 7. Determination of D-Ribose in Crystalline
5'-IMP by Orcinol Reaction.

Sample 1 2 3

D-Ribose, ug(A) 230 464 681
Theoretical, pg(B) 234.7 468.6 702
A/BX100 98 99 97

The content of D-ribose of serial diluents of the
sample was measured by the method of orcinol
reaction. '

X4, formate column & A}&3le] AHaksl A £
74 1mole % hypoxanthine (. 97mole o] AJ 43}
2. (Table 6), =3} orcinol ¥}-g-o]] £} D-ribose
ARHFE AFE A5} o)EA 8% A= AA4H
9t} (Table 7). »

a}etA] Brev.

ammoniagenes ATCC 6872 o) A -

%3 adenine-guanine 4] 975 D-21530 9] )
Aol A de ARe 5F-IMPE FEST 49
o}, '

Z ¥

() HEMEMYE AEEEKS 2218 8 BR
FEmel 34 Aelz4-e UV; 30 em, 1 min, NTG;
200 #g/ml, 20min, DES; 0.32 %, 90 min, EMS;
5 %, 60 min o] ] o =] o] WRAF 242} 0. 083 %,
0.67%, 1.1%, 9 0.45 %% DES7 7}4 %3
ag

(2) Purine g %o F¥lo]F 239 strain & 5'-IMP
AAFTFE BF 6 strain o] S{lé_tq °] % adenine-
guanine £} 9 5= D-2150 ¢} 4.8mg/ml 2 7}%
$astsich,

(3) D-21530 strain 9] wjoFaolA] A& AFE
paper chromatogram & Rf X, A4 2 A4
&9 spectum ¥) i, r}4=E3j o] 2& hypoxanthine
A% D orcinol yh-gol 93 D-ribose 8] AA
3¢ Aeg A7 5-IMP 2 FA= e

o) e B4 FHetd FA HFEERRY
it AEH AT, 2B 448 AFEAE 59
& F34 AdA ZA=F
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