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%1 EWMENBDERNTFLER Anabaena spp. CA B Wk
HEeTi: 18A fu NSA pyRERIE
Tab. 1 Characteristics of parent strain Anagbaena spp. strain CA and its
mutants, 18A and N9A, grown under nitrogen-fixing conditions.

L= iE & & Strains
Characters CA 18A NYA
gaLyt iGN 4.6 5.0 5.2
Generation time " ’ :
HEFa(FTFEEIH)
Chlorophyll a (per cent of dry weight) 0.85 0.80 0.82
CHERB(ERGEL) 3 2 -
C,H, Formed (pl/mg dry weight - h)
Y e (BEEE D 220 204 209
Photosynthesis (O,, pl/mg dry weight)
RHE + Ni#+(100nM) 0 30 30
H, photoproduction - Niz¥ 30 29 30
(¢l H,/mg dry weight) -+ h
e +Ni*(1000M) 10 0 0
H, uptake —Niz+ 1 0 0
(in the dark)
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fUINts Hik, EMEREFREPEENRE TN EREEENZME LA, TR
EALEZEVREEEREB(IEATERERRGN—TEEF B FIkkREHM
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Fig. la, b. Net aerobic hydrogen production in the light(a)and hydrogen
uptake in the dark (b) in Arabaena strain CA and two of its mutants as
a function of the light intensity used for growth, The cultures were grown
without added Nitt, The growth bath was illuminated by F48T12/CW/
1500 lamps and the intensity controlled by screens inserted between the
lamps and the growth tubes. Cells, 0.15mg dry wt/ml,were removed from
the growth tubes and immediately placed in the hydrogen electrode chamber
and gassed with 195 CO,-in-air for 2 min to eliminate the background
level of hydrogen always present in cultures. Symbols represent: wildtype
CA (A—A), mutant 18A (O0—0), mutant N9A (@ —@). Rates were
calculated from the slopes of the first three minutes of the recordings.
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Fig. 2 Net hydrogen production in the light in
liquid cultures in closed flasks.Cells,20ml at 0.08
to 0.10 mg dry wt/ml initial cell density, grown
under F48 T12/CW/1500 fluorescent lamps were
transferred from the growth tubes to screw cap
flasks of 255 ml capacity and incubated at 39°C
with shaking. The shaking bath was lighted from
below by six F 48 T 12/CW/[HO lamps, 350 uE
m~%~!, The screw cap contained a lmm hole
through which samples were removed for estima-
tion of H,. Carbon dioxide was periodically
added via a syringe to maintain the gas phase
in the flask at 0.5 to 1.09. Symbols represent:
wildtype CA grown without 100sM Nitt(a—a)
or with 100nM Nitt(a---a),mutant 18A grown
with or without 100 nM Nitt (0—0), mutant
N9A grown with or without 100 oM Nitt (@ —
®). The total increase in O, level in the flasks
was approximately 195 of air oxygen. The cell
density after 10h in the closed flasks was 0.30
to 0.34 mg dry wt/ml.
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Fig. 3 Net hydrogen production in the light by
cells immobilized in agar. The growth and incu-
bation conditions were the same as given in Fig.
2. Ten ml of liquid culture at a cell density of
0.149mg dry wt/ml was mixed with 10 ml of
growth medium containing 3% water washed
agar held at 42°C and the mixture immediately
added to a 255 ml screw cap flask and allowed
to solidify. The gas phase in flask was mainta-
ined at 0.5 to 1.09 CO,. Symbols represent:
wildtype CA (A—A), mutant 18A (e —e),
mutant N9A (0—0). The 50h point on the
curve for mutant 18A represented 1.89% H, in
the gas phase, The increase in O, level in the
flasks was approximately 29% of air oxygen level.
The generation times, calculated from the increase
in chlorophyll a per unit area, were 12h for CA,
11h for 18A and 13h for NOA.
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THE PHENOTYPIC HUP-MUTANTS OF THE NITROGEN-
FIXING BLUE-GREEN ALGA (CYANOBACTERIUM),
ANABAENA SPP. STRAIN CA

ZHANG XTANKONG”, F.R. TABITA® AND [C. VAN BAALEN}»

Abstract

‘We have previously reported that a significant rate, 10 toq 15% as that of photo-
synthetic oxygen evolution, of aerobic hydrogen production had been observed in seve-
ral rapidly-growing nitrogen-fixing strains of blue-algae (Cyanobacteria) under flow
system. The contineously high aerobic hydrogen photoproduction mutants (Designated
N9A and 18A, meaning the mutagenesis being performed on Nov. 9 and 18, at Am. 1982)
of Anabaena spp. Strain CA was induced by using mutagen N-methyl-N-nitro-N-nitroso-
guanidine (NTG) in ASP-2 medium containing 100 nM Ni**, 1% water-washed agar
and minus nitrogen source. The mutants were incubated in closed flack for 50 hs
with the cells immobilized in agar During the incubation, the mutants accumulated H,
at a quantity of 2 times (mutant N9A) and 6 times (mutant 18A) as much as that of
the wildtype, and for mutant 18A, it was equal to 1.8% H, in the gas phase (1% CO,
in air). Under the saturated light intensity of growing, the capacity of net aerobic
hydrogen production for the wildtype was found to increase with the increasing light
intensity, the reason was that H, uptake was reduced as growth light intensity increa-
sed. However, there was no detectable H, uptake in the mutants even they were grown
under low light intensity. It suggests that the high light intensity may inhibit the ac-
tivity of uptake hydrogenase, and this enzyme or the relevant electron transport may
have been lost or damaged in the mutants.

The mutants are not significantly different from the wildtype in growth rate in li-
quid medium, in chlorophyll @ concentration and in the rates of C,H, reduction and
photosynthetic oxygen evolution. In wildtype, the addition of 50 to 100 nM Nit® to
growth medium abolished net H, photoproduction and increased the rate of dark H,
uptake to about 10 times, while in both mutants, H, evolution was independent of Ni+*
in growth medium,

The results suggest that these mutants, N9A and 18A, are the phenotypic Hup~ mu-
tants of nitrogen-fixing Cyancbacterium, Anabaena spp. strain CA.

Key words Cyanobacteria, hydrogen photoproduction, H, uptake, mutants,
light intensity, immobilization
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