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Tab. 1 Loss of nitrogenase activity in aerobic and anaerobic condition under darkness
PR
%B%W’EJE{SH) % activity before dark
ar
fEZsm EE SR
in air io Ar

2.5 49 105
5.0 17 78
9.0 3 69

. WRI&GX®R, 109% C,H,, &£ Ar $130°C 30 4 $,
Assay condition In light, 10% C.H, in Ar 30°C, 30min.
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FA BRI R, 30°C BEFBROL TR 30 280, HEAESERE, EACREN
TRE FE Y, 30°C A 30 i, AR 2 iR, YSHERARSER N (10%
O; + 90%Ar), (LR 30 580, EREM TH25%, DEEX 20% W, THS50%, X%
EA 40% b, T 85% , MEE Y 100% K, iEHETER 95% Ll b RATESHEN 100%
Ar I (ERPERKEEX 20 amol Ox/ml), BE4LEE 30 4 $hi T SEE AE A T, X
5% 1 ZRE—-B, TAKREFEENL D SREREREENERAEIX R &
B A B R TS SEA— 00, B R LA B REBR RS, WRHELET
20% EALEEAN R (AEFELTENWEE) BAUSHERRTE 40%, LH 30
3B (FEE R 315nmol O:/ml), KT 7 67 % FYE RIEY: , MR R EMEMEER
L 15% WG, RIESAEEREIAE] 100% (BEEX 7030mol Oy/ml), ZENETHRKH
EE S TEEPARELCEEHMANERER(GR2)
%2 EXATREFRAFAEREHLIHETHR

Tab. 2 Loss of nitrogenase activity through treatments of different oxygen concentrations
in short time under light or darkness ’

Trcalm%:bf iﬁﬁtious

B RE %oiE

5 5 % ® B nitrogeoase activity % activity _
oxygen content light or dark

100% Ar B dark 210 100
10% O, B dark 161.6 77
20% O, B dark 100 47.6
40% O, B dark 31.6 15
100 92,0, B% dark 16 7.9
20% O, ¥ light 211 100
40% O, ¥ light 141.6 67.5
100% O, ¥ light 26.7 12.7

T KBRGE 30°C, 30 S HRIGR IR,

Treatment condition Incubation at 30°C with shaking for 30 min. |

BRxE XH10% CH, £ Ar fh, 30°C, 30 538,
Assay condition in light, 109% C,H, in Ar, 30°C, 30 min.

FEHRR amoles CH,/5/mg HEHK a2,

Activity is defined as nmoles C,H,/min/mg chl a

H100% O 428 15 4y ShRYRTIG 43 BN — G ORI (EESH), UM %E
100% O, ZLFRRTRILLZE G RO BREA B BRI I(R 3)o HREH, 100% O, bFA]
W E BN REER, X5 LRERE B, W RER DRI EE D T,

RRCARERE, £XTH100% 0,43 30 454, HAEWMARERNLE HE
1o HBEBRERICEERBBAFERLE, MZEEFARNRERBA D RE,
URREHRESE T, REAEABNERNRE FEEEOREAL. ETESET
R B B0 SR T R T OB R R T, B RTE ARIE 31

IMRBHGEEAEEN TEEERHTREAMERHE AR, BAERAKE
TR 2.5 /N, EEEE AL E BT T BRANEIFEERED, BE 9 MRAR
FHER. Pl LSRR, U Sh RN, BRE LS EBERE,
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Tab. 3 Iucrease of oxygen inactivation resulting from darkness before 100% O, treatment

nEEH

Treatment conditions R RGN %t M\

Acetylene reduction % trol

1 2 activity o contro
100% O,, B3 15498 | 1009 Ar, B 30 4%k 50.9 24

1009 O,, light, 15 min. | 100% Ar, dark 30 min. .

1009 Ar, R 30404 | 1009 O,, B 15 44k 25,4 1.8
100% Ar.dark, 30 min. | 1009 O,, light 15 min . .

E: REFRHE B, 10% CH, £ Ar 1, 30°C 30 44k,
Assay conditions In light, 109 C,H, in Ar, 30°C 30 min.

{EHRR nmoles CH,[% /mg HEFR 2, HREHEY 215,

Activity is defined as nmoles C,H,/min/mg chl a Control: 215nmoles C,H,/min[mg chl a.

(=) 12/ wEfEEREERE R

212 BRI RS, 30C) 5, AR B DRERE, —BREXR, i
B RRMEET, FHRIE 5—8 /N, 5 WCE B BB AT K P

1 KEXNEW MREXEN, MAKEE (50ug/ml), MEIELRAR.LHRE
FEEWEEE N RRE EAEN, ERNEE, BANEEE—S THE 1,

2. NH,Cl (oM ZEEEn, IMA S, MEBRLE R, T2 E%R T ZHE R
EERRE(E ), SR ERELELE, B RERENERER, ERR SRR
EBRELR(THEEAHASNEFAR, XSKRER 100% O; L 12 /NG,
B RS S R S B R A L R A g B

3. BEAOEN K ERE 12 /KNSRI 38—40C/ ESAAHTHRE R

5ChlL a
s

o———o % MControl
+——a NH,C! (5minol/D
o———o REH G0ug/ml)
Chloramphenicol

300

200

(=3
t=

2 5 8
T HTIRA T ) e 30°C
Reillumination time (h} 30°C

Ke/Him vt on Piue ([y) .5"‘(/

ZR&EFinmol C,H, /%) /& xrHE%a
Acetylene reduction nmol C;H, /min/mg

B FERECSRMEEE RER RS

Fig 1 Chloramphenicol and NH, inhibited the recovery of nitrogenase activity after darkpess (h)
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< o——e Ar 38°C
A—-—4 Air 30°C
o———0 Air 38°C

onfF

ZRiEFnmol CH, /4y /% vint i Ea
Acetylene reduction nmol C,H, /min/mg Chla

_— ‘°~~~‘_°

0 P time(h)

%
T 37 B A N

Reillumination time (h)

H2 12 EEERE (38°C) e EEEEREOEMR
Fig 2 The effect of higher temperature (38°C) and oxygen on recovery of nitrogenase
activity after darkness (12h)

B, 1A WSS R R G RO o T8 MRS 7E B R A B AR L R U TR &
FERMFA B TR 55 S (E 2)0 20 HIHA 38—40°C 75 (M 0 75 , W 7E 28°C /28 Kb i
ﬁ:ﬂ’gﬁi&ﬁ%umﬁ 25, 30, 35, 40°CBRMOHAEREEM, o814 9l.6, 113, 190, 206
nmol C;H,/ 534/ ZFH 4R K 2071 I, 38—40°C IRELIFIRA (5 B IR0 B B 5750 4%,
BATHST THRRL, ¥ 38°C/ 2S5 S b ks e i 28°C/ S SR, THRBEER
AR, MAREE (25 805 /E)UESRERE, BREENKESRES
REEF & REGERKTIN),  EA MR 38—40°C 15 B2 55 B 47 B E AR A0
SR, BRIVAAESSELFET, 38C—40Cc BELTHEBTAESERBEN &
o SMi#EEFEAR, SN, BEXAER 7120 WA EAHk, ZEESE
38—40°C REE FHALWEREERMERNKE. MTFESEMNTERNENE
Bibk, RBIM4TEH, RFF R IEE BE N AR, 1 Anabaena sp CA BREHIER
BEE % 39°C,

() 100% O, &t 32 5B &\ iE MK E

fRE% 7120 ZES6 T H 100% O, b3 30 43 BhV5 » 1B RUE MEHGE T 0, FEHEHRLK 85 %
Ehe MRER 100% O, LB A ZE 12053 5, iE A #—P T, MREREERIR
BB 3), 1B ILANMEE] Pienkos™ HIE Anabaena sp CA HFTULEIHITE , B
TE 100 % O, Hi3E R AL BRI (A1 » 1 0078 M VR 52 » LU V8 MR AT D0IX R £ M B
ABMEFEMNRP—NIERE. FENERE Mullincaux % HERRELRIER—H,
a1, LK 100% 0, LEE 4 /i, BRBERBASE R, BRI CYSERE
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Fig 3 Recovery of nitrogenase activity after 10095 O, treatment

BE® 7120 F 1009 O, 75 30°C RULIRIBLLE 30 s34t REEAREENBEERETHKE, 0
A HRRELBNNELE, 30 2HARLBRENERE

Treatment of Anabaena 7120 with 1009 O, at 30°C in light and shaking for 30 min, then,
recovery under different oxygen content and temperatures 0 min being the activity before
oxygen treatment and 30 min, the activity after oxygen treatment.

Gallon 1 Hamadi I}z Pienkos ZIRTIEBHHE 100% O, B )5, —# ABKHE ,
BEREEKE . EEENKEREERT NH, i, REENRESREORNES
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R(FE 4o HREHLTE100% O, i, B EFE L AESSE B 14.8%, {EIEMKRAE
T Smmol/L HiIRINERIG, FEHEHXT A 38 %, ZEJEFH 40% O, &L ERY, hn ABLIR L
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Tab. 4 Ascorbate protects nitrogenase from high oxygen content

AR H LB RS B s

Treatment conditions Acetylene reduction activity % activity
S EESy 180 100
Control, in air
In Smmol /L GRS P
Ascorbate (3mmol /L) added in air 208.3 115
#£409% O, th
In 409% 62 133 74
% 40% O, 1,11 Smmol [L. $iiR ke 208 s
Ascorbate (5mmol /L) added in 40% O,
£ 10095 O, th
In 1009 O, 26.7 14.8
7E 1009 Q, thjn Smmol /L LK fnEe 68 38

Ascorbate (SmmolfL) added in 100% O,

I LERARAAEHE FENT 30°C RIE 30 8L HELRAT 0 109% LHRERN 30 4> e

Conditions of treatment and assay: Incubation in light at 30°C with shaking for 30 min, then added
10% C,H, and reacted for 30 min.
E#EFOR omol CH, [/} /mg MK 2

Activity is defined as nmoles C,H,/min/mg chl a

F8E AN, DI B AR R R TP S, DY B BT E KR REIR G, X
REERFIBIORAN G . ARTREN LBLER, BAER. FEERAKEEE
FHEEG I BARBARERO S CEFTEN, T LELEREED, ESEERN, 7&K
REPVLEINFEES, TLBESTERARFIHRAN T H.

B EERAREET, REAMENEER KUERNERETHREAZHE
B, 4ol S STHRBEE R ERF LG LT e REEEMEM, HEZEE. B &
B &EKGNEWN, (EEEMCPERD, AEE 7120 MRPERERF ALY R
114 2k 52 4R B R 45 i O SE B B R R P ALBIAIR Ro
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RELATIONSHIP BETWEEN OXYGEN AND NITROGEN
FIXATION OF ANABAENA 7120 IN LIGHT,
DARKNESS AND AT HIGH TEMPERATURE

(38—40°C)

Wang Yeqin, He Jiawan, Zhang Deping and Li Shanghao
(Institute of Hydrobiology, Academia Sinica, Wuhan)

Abstract

When photoautotrophically-grown Anabaena culture was transferred to darkness/air, the
reduction rate of nitrogen-fixing activity was proportional to oxygen concentration. When
dark-treated culture (in air for 12 hrs) was reilluminated, the recovery of activity was depres-
sed by chloramphenicol, NH: or by 38—40°C/air. This implies that the preformed nitroge-
nase was inactivated by atmo-spheric oxygen in darkness. When Anabaena cells were exposed
to different oxygen tensions for a short time (30 min) in light or in darkness, the decline of
activity in darkness was much greater than that in light. Ascorbate could alleviate the inacti-
vation at higher oxygen content, whereas high temperature may enhance the oxygen sensitivity
of nitrogenase. Treatment of cells with 100% Oa for up to 120 min did not result in further
inactivation, nor did it show: any recovery of the activity. Therefore, no comformational pro-
tection has been observed. Relationship between oxygen protection and environmental condi-
tions is discussed.

Key words oxygen, nitrogen fixation, Anabacna



