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S} A, SRRk 204 SRS B R S NG TR HE(COGAT ™), 5 S R -2 IR 17k Bl SR BRI, FRIKC
SMZRERE RN ERRE, Hh, 226k 204 RREEL M AR B4 K, Alin: &, R
U0 EE . 25 E SRR, RRUERRE LSRR, NSEEMSFE
F RS HR R A A SEE T, B REE R ALY 2107 BE FE AT oS
P B A, AR EFFRERN ERERARGET . MRS ERETITR
B, 2 RS B8 S BEFRKN 16 L ANRE BRI A SRR E A, ML
shE HiEip, WEESRE A E AR BT EEERORIARSLE, SRR G
5 1., Fa P A S RE AL A B R TR R 15 e AR T RO SR B AR 60

E@iE HHEBTRE S ERARE

YRR B FIE (Rhodopsendomonas sphaero-
idesy B— R AEFRECHE. XREOKS
% A N, FE R PR AR
AR EVE AT, M R TR S [ P A
AR EESERENC™, G ERARN hE
ETMIEM. {8 GOGAT XE &M A B
HAFEE.

E 4% TE AL HRERERTRN
RERES, ROTBIFELH,HBHEET
TR L TR GOGAT™ ZE ik, T GOGAT
Shoe, EIFALAY, fapy Gl B, GOGAT™ 5%
5 BREE R AL E A R AL e S R, EEER
R AHBA KM AEN GOGAT 18

RS HE OURIE T 1B R o
S
(—) ww

BT EE A (R sphaeroides) HHER 601
M ARIE ). M. Pemberton (1§,

(=) BEEERIIMEMA

RCVBN Bt fh Weaver™, FHEEHEEE
I, Y RABEE £y 3000 I, ISR FRBESRER &
B b TN, T 25C REDPHERFo

(=) #TELE

TP 4 %I Bk 601 7E RCVEN Hespsb it R
i, LEN MM AL, 4 100pg/ml NTG §)
FEs bk (pH6.8),28CHRE 30 . HER
At BRI, FREFHRESEH
CCERBOEMBEFAERGBER= X, EEL
TURESEE 6 N LREMAETEREW, FR%E
RS 100pe/ml, EHEREFE 18/, HLFL
T 10 5 3 X TR T I, TR AL Olu BRPETS

(m) BEENERE

LA AEER e REFERRE: ALRE
ExmieBEEE; /A 100 BSHEERNSTR
SFEHE, 2FRIR T REN T .

2.Gs FEMAE. HEKENBERER, I
At As R = R ER, RAKE D 100ug/m,
HRAIRGTE 5000 bx TN 5 48k, H 1% KOl
pomRmk, EAT H7.5BRREMEN, &
walit*? 9 5E

3. mpERdR K GOGAT EHEE: BAR
BERCEE R 3 434,45 140,0008/mia B 90 433,

AXTF 1982 %9 A9 BULE,

AXRABUTHG: NTG: N-FR-N-T i #-
N -RYRAL; GS: BEMBEANE: GOGAT: HHEKES
el Naase: EFEE: Gln; BERME; Clu; BEER .,
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150 m £ B ZF R

24 3%

B LB, B Johonsson® T Meerst'®) 3o,
EENARZENMA 0.2ml Bk,

1 EEHSREWE: & Lowry!" 3, M4
kg 4=k {2 b k=

(A) BABRRERERORNIH

BT &S T K 28 e, AR AR
. RHEEOKSEREE, BREORSRANN
Smg, F 0°C10 mM BELAFRE (pH6.8) BRIRES
k=%, EET 0C, 0.25M GHEEN, 4C HE
10 4360, BB FEEERMER, REHRE
SR, EHBERN 5ml, B Tempestt' 1 1k,
FALKB @B R (L RT o

¢k &

(—) Glu RERNHFES

ERIESEEFALT0LEENTG
GRETNETEERERER, 9F 7% 1
EERSELBRRER, HRE—8oE
Glu kR, EIESENEREREE
RER,NES GuEmEFE LEK.
L Glu BeBEfS 204 BWHEOOH, B BER 7S
mM HBRENEMEFREREEN, B
g e £ BT H N Gl pUIRE (LHE
1),3%% Glu 0] 204 2R, T ER

1 W 601 RIIH 204 MR B 1E

Tabie | Doubling times of strain 6C1
and mutant 204*

TR [RIC/I )
& om Doubling time ¢h)
Nitrogen source® 501 204
oo
Glutamate 8.2 8.2
mE e g
(NF,),50, and 3.4 8.2
glutamate
(NH,),50, 4.3 —=

* —R&K ne growth

a. BEMRTELIEREEAMAMERENRE FER
28°Ce

Strains were grown photosynthetically at 28°C
in minimal medium containing malate as carbon
source.

b, BEEREN0.1%,MEASEREN 7.5mM,
(.19 glutamate and 7.5 mM(NH,),;S0, .

BB Assgom )

0 20 40 G0 g0 v, 120
Btie) (h)

Al EROBOMAREH I ERRREESR
BEnEdnERER

Fig. 1 Growth of R. sphacreides mutant 204
as a function of glutamate concentration
ENMAREESEENE SR EL YEMY
B, E& 7.5mM B
Glutamate added te minimal medium containing
malate as carbon source and 7.5 mM{NH,);50,

O — 0 BH#k 601 Strain 601

e — & ZEIFEE 204 Mutant 204 -
1,3 MABEE SmM Added SmM glutamate
2,1 MABEE ImM Added ImM glutamate

5 RS EE Without glutamate

Bk BONES Gl EE T X,

AR AR RA, HL Gl Ak~
FIRET, BFEA 601 JeEArfk 204 AGHE(R
B A% 8.2 /N (L3R 1) M7 Glu a1
i NH] R, 601 B RS RISE &0 3.4
AN, BB NHY 29ME—Z 3R N & 2D 1/
WA T 204 MO E2Y 8.2 i,

(=) Glu SR NEEERE

R AE 204 REF LT 601 1
GOGAT, GS MEARBLEFE THRR
AR 204 THREXEREZFF TERRSE
ERELHFETERBTAIRMNK GOGAT
TEHE, T¥FAR 601 EXWHIBRNTHE
HEEEHE, XTI Glu BrpER 204 MR
GOGAT™ BEHILE 2)o

ABEMBESH GS S (r-BBtE
HWEOI), BREF, 4R 601 £
& Glu ERREFEPERN,H GS iFE
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Booeds ik 204 1Y 6.2 4 R R E R AL GS #Y
Bb FE 2 A 2 A KRR 29 (S M AR 601 £
S E MRS E D & KN, K GS i
REARE SRER 204 AL
e GOGAT Y73y ki JLE 3 A
R EE I B A TE A A T RAL
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Fig. 2 Kinetics of acetylenc reduction and
hydrogen production of R. sphacroides 601 and
the glu~ mutant 204
FHES RCVBN 3%, 1% 0.1% B EE -
RE 28°C $3% R AR 2200 1x
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[ SRS IR TRy Xy
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HZ Pl F R E E .

(=) GOGAT ZEX/RNTEHERD
A

ES & FEFAEEERE LRARE
EROBFERE, MEBIBEY 601 f5
PR AEEE AR, FEY, RS
MER, HEERRDE. HERAEMk 204

BEFPRGREEE Gl B baR, KA
KEESHERERS ARERTR,R
Ak 204 FERRE M KA EE . Clu TIRE
BoomME— R R E R E K 4
il 2B, SER, {ERJRER VK
EfmERE IR - RENERE ENEE
Repd, mEERM ELRATHENS
ki (& 3)o

(H) HACERERE

SEEEK 204 WRIET, RARE
Glu E@EE&%?‘?E@ N, E‘Z%%ﬁ NH:—O
XA IR b, dEwk 204 AR, ME
o Jaty 4=V.-d D =E 5 Fadde o JEIh-Re gl
B A AR 3 00 2.0—2.1 X 1077,
X BEBASEAE R 204 iR GOGAT BHT R
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EREMEE EAERNED (&3, B
160 [E (s EL FE A1 GS b iR AnEF £ 601
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Fig. 3 Effect of glutamine on activity of

nitrogenase
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H2 REH 204 FMK I VAN TFH GOGAT. GS QLR E MWLy E

Table 2 GOGAT, GS and nitrugenase activities of mutant 204, its pareatal strain 60] and revertants.

W oE e
ik - KR Enzyme aciivities
Nitrogen
Serain Phenotype GOGAT Gs N,ase
source aolb 4 +Mgtt/
Mg +Mg —-Mg"‘(_%)
BEE - =
Glutamate 1.10 967 574 39.4 18-6
601 GOGAT*
(NH, )50, 3.45 189 24.5 12.8 0.00
204 GOGAT- C"f‘ﬁ& 0.00 155 20.0 12.9 6.00
slutamate
R407° GOGAT+ | BN 1.83 938 354 56.1 26.7
Utamate
R408 | GOGAT*+ C‘ﬁﬁﬁ 1.41 841 568 67.5 24.7
xiutamate

2. GOGAT 7E{ELl o mole NADPH HiL/4 - BEBEAXRR; GSEEELL o mole v~ RMEE IR/ - &
REARTEEMEFEEL o wole Z /4 - BEEAET
GOGAT activitics are expressed as n mole NADPH oxidized min™ (mg protein), GS activities as o mole »-
glutainyl hydroxainate formed min™" {mg protein), and mnitrogenase activities as o mole C,H, formed min™*
(mg protein),

b. RA07 1 R408 Rz & 204 MEIE THEMMA S EREFBERANELRHF THAEKS.

R407 and R408 were the revertants of mutant 204 selected for azbility ta grown on malate-N, .

B3 TN 601, MWK 204 W 204 WENFEFA NAHME L0 EMA-

Table. 3 Growth of Rps. sphaeroides 601 (wild type), mutant 204, and the revertants of rmutant

204 on waricus compounds at sele nitrogen source®

T
\ =<1 3 L RE B & & F
.. Strain ) (revertant) R407 or

ﬂﬁthgcn mum;\ {wild type) 601 ( mutant)204 R408
B8R Pro + - +
YAEM His + - +
HHEE Glu + -+ +
BHEMM Gln + - +
LM B Ser + - +
REE Ala + — +
e Arg + - +
HHEmR Gly + - +
REZE Asp + - +
REE S Adenine + - +
REE Urea + - +
HiEEEE Ammonium sulfate + -_— +
BZEQ Catein

K#EY hyrolysate + + +

+34 ¥ Growth: —,FEP No growth
a. ZELH RCVEN SR diy) S 400 pg/mil KB .

The medium was RCVBN lacking ammonium salts supplemented 400 pg/ml of nitrogen source.

b. 7E 30°C H53% 4 R N2 £ K M%.

Growth was estimated similarly after 4 day incubation at 307G,
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X4 RERIPRATIBERHHITRAEFED 601 BH-

Table 4 The comparison ol the cuntent and compesition of {rec amino acid between

mutant 204 znd wild wpe 601

R FREEENEE (o mole /meBikR )

Intraccilular free amine acid concentration
(n molc/mg of cell protein)

EER Amine acid ot 204 Wid e 601
HERE Glulamine 12.23 0.77
& & & Glulamarc 31.53 33.48
H B # Glycinc 1.07 1.50
N & B Alanine 0.75 0.96
Bt & F Cystine 4.48 0.88
5 B A Valine 3.64 0.49
HREE Isolcucine 0.36 -
% & & Leucine 0.48 0.5¢
#i & B Lysine 1.44 4.18
= Ammonivm 6.36 19.72
¥ & B Arginine 0.58 —
BEEEEEE Toal free 63.22 62.52
aming acid and ammoaium pool

S SEREAMERIASANESENFERGERTHN

Table 5 Glutamine as the fecdback inhibitor of nitrogenase system in Rps. spheeroides

WA S R B4 ) LIRFERT, Ethylene formation

Glutamine added® {mM) EREST/4 - BEBAH (%)
n mole/min per mg protein e

0.0 28.8 100

0.1 6.14 21

1.0 0.614 2

5.0 0.656 2

16 0.55% 2

* HEFELI B E-ERNERE LB REE K MO E A, A - s % i (pHb. 8 E MK,
Vet W E GRS TEHEA LR R N AR R RECHT 2 S8t 8 ARG R = E B iE it

Cells were grown anacrobically in the light on minimal medium with glutamate as sole N source. Culture
was harvesicd by ceptrifugation and washed twice with basal salts-phosphate buffer (pH 6.8), The washed
cells were resuspeaded im the buffer, starved for half an hour, and then various concentrations of glutamine

were added,

() REXKBEBREBRERGHE
1t

GOGAT RTEH I RFH A K ER
T SEERNFRERELER, RIFE
A5 BE 204 FIEF 4R 601 IR KB
ERBETHE, 2REZH (X4, &
AN Gl IEEEFER 12—23 nmole/mg B

HEE, TREFERN 16 ff. XFIEKE
M Glu FRESFEME—H, 2HAEF
HEABTESEREN 0% £,

(7)) Gln PR ®/EY

HE 601 BHESARKE Gn /Y
s (RIEER RCVBN Hisf)
th, 2 ¥k, 250z E R GS
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FEAk AR B, EEE Gl RENE, BRE
Fafl GS FEHETHE, METHRIES -
(& 3). 4h, FME Gl AHEROBEBET
e b AARRAY CBRE RS b A IR
H, Y& RCVBN R & Glo K
B4 0.1mM B}, ZREBRFEERE FRSN
1/5,% Glo {RERAT ImM B, LB FEE
MILEAE(FE S) FH Gln FER—REH
ER,EEEX GsH KR Ee I 5
HivEH. EERFRXFER#-FWR
it ®

B 1970 ££ Meers™ %8l GOGAT Ll
¥, BESHEENEZNILE, AITFER
B, BRI g B £ GOGAT, 25
B B R AT IR ARk,

AESETEREFENDRE AR
BifJ GOGAT EFEZZ /M, [HEX X
B RBEY NN RERE, Bk
FEA, ERABETE COGAT  RIFHE,
BT GOGAT fhk , EIR LA sy, g
BHEELEBER G REREHRS .51
ERT GS iGHERARE THE, B m s E Tk,
W HNR Glo ZRE SR ,GS i SR A
EH TR BE % HUERIERAR
B GOGAT™ #EZrpkBEE B HREMIAT
HEEL G5 RAEBEER~MEER
Mo

& ANEMBHE, YERIGRRRE
AR ESENERET AR, H GS
T, M GS LENREAREE S
GOGAT™ S &#MNE—H . RE BN
R ETeEmERE H—8IAY. 8
FE 38 B BT & B L GS ArhAray ot

# Gl % Gs REHEBHERSEN B
R AR, XA~ E R R IR
SR BR R AT TR M &R

1981 4E Brown™ B ST E
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GLUTAMATE SYNTHETASE MUTANT LACKING NITROGE-
NASE ACTIVITY IN RHODOPSEUDOMONAS SPHAEROIDES

Song Hongyu Wu Yonggiang Yu Baolin

(Institute of Plant Physiology, Academia Sinica, Shanghai)

A glutamate auxotrophy strain 204 was
isolated from photosynthetic bacterium Rko-
dopseudomonas sphaeroides strain 601 after
mutagenesis with NTG (N-mety}l-N-nitro-N-
nitrosoquanidine). Biochemical analysis re-
vealed that the mutant 204 was deficient in
glutamate synthetase activity (asm~). In
comparison with parent strain the mutant
had a low activity of glutamine synthetase
and no nitrogenase activity as measured by
hydrogen production and acetylene reduction.
Furthermore, the mutant 204 was unable
to gtow on various sources of nitrogen such
as ammonia, urea, histidine, serine, arginine,
olycine, and adenine. This might reflect a de-
fective pleiotrophic phenotype in nitrogen
metabolism. With the frequency 2X10-°
spontaneous revertants of mutant 204 were
selected on NH,*-solid basal medium or mi-
nimal medium under nitrogen atmosphere. It
was shown that both nitrogenase and gluta-

mine synthetase activities were restored to
the levels of the parent strain. In addition,
the revertants regained their abilities to uti-
lize various nitrogen compounds as sole ni-
trogen source. Measurements of intracellular
amino acid pool showed that the glutamine
content in the mutant was higher than in
the parent strain by 16 times. The introduc-
tion of extracellular glutamine to the medium
caused markedly inhibits the nitrogenase ac-
tivity. From above-mentioned results we con-
clude that Rps. sphaeroides possesses 2 high-
ly responsive feedback system for the modu-
lation of the function of nitrogenase in res-
ponse to changes in pools of metabolic inter-
mediates; and the intracellular level of
glutamine is the key to the feedback modula-
tion of nitrogenase activity.
Key words

Rhodopseudomonas sphaeroides; gluta-

mate synthetase
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