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ENHANCING EFFECT OF MANNITOL ON NITROGEN FIXATION
ACTIVITY IN ANABAENA UNDER OSMOTIC STRESS

Chen Yin Fang Dawei
(Shanghai Institute of Plant Physiology, Academia Sinica, Shanghai 200032)

Abstract The experiments showed that the osmotic stress-induced inhibition of nitrogen
fixation activity was mitigated to some extent by the introduction of mannitol into culture
solution in Anabaena sp. strain 7120. It was shown that under dark condition or in the
presence of photosynthetic inhibitors, such as DNP or CCCP, the beneficial effect of
mannitol on nitrogen fixation activity was weakened or diminished in Anabaena. Higher
nitrogen fixation activity was observed in experiments with mannitol by adding O, together
with H, but the activity was depressed by adding O, alonme. When Anabaena cells
submitted to osmotic stress were incubated in aerobic conidition (in air) the beneficial effect
of mannitol was higher than that in anaerobic condition (in Ar or Ny). Beneficial effect of
mannitol on nitrogen fixation activity of Anabaena was obviously strengthened by
preincubation with 5% CO, or with 5% CO, plus 40% N,, but it was abated by adding N,
only. The mannitol-supported nitrogen fixation activity in Anabaena was less evident in the
presence of exogenous sucrose.

Key words Anabaena; Mannitol; Osmotic stress; Nitrogen-fixation activity

1996—06—07 WcHi; 1996—11—18 &=



132 Rty WA 248 5 6%

THTARBANIA SR SEEERE(NEMKE, NaClLHMBERE) SHEXER (B %W
M) WRRAG LW RE Y, XEFNER, FRAEEEEEHEERRAN T SMNERER
WA R, (H2F 0 IR 3 B AT LA AL M2 AL, X5 Bhagwat 25 ATER
RS HZERE T ERARERANEFERIAEOESWEROAHEITR, HREN, &
BEEX A ERE R IEEHESWA BT LR-HMATL RN, BT H— LSRR
BT AR RE R ARG, SRESHEYNSE AR P RAIR, ) Bk
WIS R WS R EYBEE W SHENBRR MY R EEGENEE; (2) —R5H
MEBEEHEERRAETURPEY RZVEEGE, EXFHHEEETHERT, RINMEW
3, SR NEEEERNGHBRETE—ERE LN NaCl S aEREZNMEY. ET385
AT HEENAEEREAREA R, HAEANAHEEMMBET I WM Mk DBE. X
U, BATFERAE TAEZERE b xd o A B4 T — S84,

1 MR 55

£ 2 3% B 1 IR W5 41 B8 ( cyanobacterium) Anabaena sp. 7120 LBt B4 Allen-Arnon TR 5
T 4000 Ix ZIATHI 30 C #3% 57 d, REHRTCHED Mgk, £/ 5 pmol/L WBER
FobW (pHT.2) Yk, BOPOK, BEVIRBUR—MERBESE. R—#BASRmELH, —
HIA 100 pmol/L MH R, H—HRMHBEEA R, R BT R GE 54 T kst
24 hJs, SRIFHE 8—10 ml I8 A LLE WL LR 9 25% # R Z Z 8 (PEG6000)
MM, ARELRTRMAE PEG HFREMA— Y Tk T T A8 (BIALHET S 0 E
X). PR PEG A, SMMENEE IR, BEEREE, MK A BFH 91 W
BEHEA Ar fl CH,, #8(F) 30 C AW B HRE, KL IR DS AH G500 & B 8
. HERRIRNE IR AT % AT,

2 SLIGER
2.1 HEERH#SEWMETEEENES

EBEBRKF PEG MW T, AMERMEAEEAR TR, FMAMETERE, PEG
HIEE AW Y B, FIURE PEG MHAMANHT, FinHSReE 2% LA R AR
HA28MB(FD). XERMNEUEINHZER

£1 HEEX$ZEWMETAERESEENHR M
T 28 i NaCl £ [ 86 [ 0 b3 0 25 5209 2 — 3¢ '

Table 1 Effect of mannitol on nitrogen-ixing activity

%o JXE/?‘ T NaCl iﬁ]é}ﬁﬂj}iﬁ% Dﬂﬁﬂ&ﬁ E'j ﬁ of Anabaena under osmotic stress
ARt 5% BESE A Wi %o [ /U9 Bbvad ZE DLk B A AR Fro— .
eIt Mannitol PEG Nitrogen-fixing activity
(100 gmol/L) (25%) pmol CyH, h™ ml o
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Table 2 Effect of mannitol on nitrogen- s §100
fixing activity of Anabaena under g & 5
osmotic stress in light or dark rZ < 50
gego
HIEE Mannitol PEG  HIXIERIEH 3 I—I ] H |_| |_| . l—l M
(100 pmol/L) (25%) Relative N fixing a T B ey AN
activity (%) 4h3 Treatment
% Light B 1 SEA MR RAAER H BB 2 i T fa MR K 2005 o ) R
h - 1000 Fig. 1 Effect of mannitol on nitrogen-ixing activity of Anabaena
- + 321 under osmotic stress in the presence of inhibitors
+ - 1351 1: Control (—mannitol~PEG —inhibitor);
+ + 98.1 2: —mannitol—PEG +DNP; 3: —mannitol +PEG +DNP;
W Dark 4: +mannitol —PEG +DNP; 5: +mannitol +PEG +DNP;
- - 6.1 6: —mannitol-PEG +CCCP; 7: —mannitol +PEG +CCCP;
- + 21 8: +mannitol—PEG +CCCP; 9: +mannitol +PEG +CCCP.
+ - 6.8 DNP: 100 zmol/L; CCCP: 100 # mol/L; PEG: 25%;
+ + 22 Mannitol: 100 gmol/L.
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Fig. 2 Effect of mannitol on nitrogen-fixing activity of Fig. 3 Effect of mannitol on nitrogenfixing activity
Anabaena under osmotic stress in the addition of Anabaena under osmotic stress and
of H, together with O, anaerobic condition
1: Control (—mannitol ~PEG ~0,~H,); 1:In air—mannitol—PEG; 2: In air—mannitol+PEG;
2: —mannitol ~PEG +0y; 3: —mannitol +PEG +0;; 3: In air+mannitol—PEG; 4: In air +mannitol +PEG;
4: +mannitol—PEG +0;; 5. +mannitol +PEG +0; 5:In Ar—mannitol—PEG; 6: In Ar—mannitol + PEG;
6: —mannitol -PEG +0,+Hy; 7: —mannitol +PEG+0,+H,; 7:In Ar+mannitol—PEG; 8: In Ar+mannitol +PEG.
8. +mannitol —PEG +0,+Hj; 9:+mannitol +PEG +0,+H,. PEG: 25%; Mannitol: 100 £mol/L

H,: 20%; O,: 20%; PEG: 25%; Mannitol; 100 umol/L

%3 CO, = CO, 5N, MA R EMAFER H MBS T & EREMEHHTM
Table 3 Effect of mannitol on nitrogenfixing activity of Anabaena under osmotic stress
in the addition of CO, or CO,+N, and in the presence of sucrose

HEm PEG Co, N, . EHE HI B B
Mannitol (25%) (20%) (40%) Sucrose Relative N fixing
(100 zmol/L) (0.5%) activity (%)
_ - - - - 100.0
_ + - - - 33.3
+ - - - - 136.4
+ + — - - 87.3
_ - + - - 500.0
_ + + - - 350.0
+ — + - - 682.0 ,
+ + + -~ - 481.1
_ - - + - 24.7
_ + - + - 12.2
+ - - + - 26.0
+ + — + - 14.6
_ - + + - 412.3
_ + + + - 264.3
+ - + + - 546.6
+ + + + - 345.2
_ — - - + 1514
— + - + 94.0
+ _ - - + 156.6
+ + - - + 95.6
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