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Abstract

Duangjan K., Nakkhunthod W., Pumas C., 2019: Photoautotrophic production of hydrogen in Carteria cruci-
fera AARL G045 co-cultured with bacterial flora. — Botanica, 25(2): 145-155.

This study reports on high potential of photoautotrophic biohydrogen production in co-culture of the novel
hydrogen producing microalga Carteria crucifera AARL G045 with its bacterial flora. Hydrogen production
from immobilised and free cells were compared under photoautotrophic and photofermentation conditions.
Two bacterial floras of Carteria crucifera AARL G045 cultures were isolated and identified by 16S rDNA
sequence analysis as Agrobacterium tumefaciens G045-01 and Aeromicrobium kwangyangensis G045-02. As a
result, co-culture of Carteria crucifera AARL G045 and 4. kwangyangensis G045-02 generated higher level of
hydrogen gas than that of the mono algal culture by about 1.32 times. In addition, co-culture of both free cells
of the microalga and the bacterium produced higher hydrogen than both co-immobilisation in calcium alginate

by about 2.04 times.
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INTRODUCTION

Several microorganisms can produce photo cata-
lytic hydrogen such as algae, cyanobacteria and some
photosynthetic bacteria (Das & VEziroGLu, 2001).
Since microorganisms use only sunlight as an energy
source to split water in the production of H,and O,
so they have the ability to reduce cost and the envi-
ronmental impact on hydrogen production (ErRoGLU
& MELis, 2011). Green microalga Scenedesmus ob-
liquus (Turpin) Kiitzing has been firstly reported for
the abilities of hydrogen production beneath anaero-
bic conditions (Garrron, 1939). Several strains of
green microalgae have been recognized for their
hydrogen production. Most of the studies focus on
hydrogen production in Chlamydomonas reinhardtii
Dangeard under mixotrophic or heterotrophic condi-
tions (MELis et al., 2000; Kosurov & SEIBERT, 2009;

FaraLont et al., 2011). However, the commercial
disadvantages of those trophic conditions are higher
cost from organic carbon source and obligate axenic
operation. Thus, autotrophic conditions have been
considered for hydrogen production of microalgal
strains (HwANG et al., 2014; DuanaiaN et al., 2017).
According to the previous study of DuaNGIaN et
al. (2017), several green algae have been described
for the capacity of hydrogen production under au-
totrophic conditions. Among these, Carteria cru-
cifera AARL G045 is a promising strain because
of its rapid growth rate, greater hydrogen produc-
tion and easy to be harvested because of large cell
size (DuanaGiaN et al., 2017). The genus Carteria
is a unicellular green microalga, which is classified
in the family Chlamydomonadaceae, the same as
Chlamydomonas, a model microorganism for bio-
hydrogen production. Carteria cells are round or al-
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most round shape with eye spot. They contain four
flagella at the top of the cell and 2—4 vacuoles near
the flagella (Fig. 1). This genus is widely distributed
in freshwater and terrestrial habitats. Furthermore,
previous study has recognized the capacity of these
strains for high lipid accumulation, potent wastewa-
ter treatment and promising hydrogen production
strain (JanTA et al., 2013; BoonkHoT et al., 2015; Du-
ANGJAN et al., 2017).

Fig. 1. Morphology of Carteria crucifera AARL G045 obser-
ved by using the light microscope (scale bar = 10 pm)

Hydrogen production in green microalgae depends
on various parameters such as light intensity, carbon
sources, nutrients, pH, temperature, atmosphere gas
composition as well as activity of hydrogenase en-
zyme (Lam & LEEg, 2013; PHoLcHAN et al., 2017).
Nevertheless, hydrogenase is extremely sensitive
to oxygen, as a suppressor of hydrogenase gene ex-
pression (SRIRANGAN et al., 2011). Thus, certain tech-
niques have been established to reduce or eliminate
the effect of oxygen such as replacing oxygen with
inert gas, cultivation under two stage photosynthe-
sis by separation of oxygen and hydrogen production
process through sulphur deprivation, photo-periods,
chemical reducing agents and co-culturing with bac-
teria (MELIs et al., 2000; SAIFUDDIN & PRIATHARSINI,
2016; Xu etal., 2017). Previous studies have revealed
that some bacteria have the capacity to enhance hy-
drogen production in algae-bacterial co-cultivation
by consuming of oxygen from algal photosynthesis.
The example for algae-bacterial co-cultivation were
such as Azotobacter chroococcum, Bacillus subti-
lis, Bradyrhizobium japonicum, Escherichia coli,

146

Escherichia coli AHypF, Microbacterium paraoxy-
dans strain 591, Pseudomonas sp. strain D, Pseu-
domonas sp. A8, Rhizobium sp., Stenotrophomonas
maltophilia strain 776 and Thuomonas intermedia
BCRC 17547 with the genera Chlamydomonas, Chlo-
rella and Scenedesmus (ERGoGLU & MELIS, 2011; Wu
etal.,2012; Lietal., 2013; WirTH et al., 2015; Xu et
al., 2016; Lakatos et al., 2017; Ban et al., 2018). Be-
sides, they often form mutualistic relationships and
secrete some useful factors for algae growth (TANABE
etal., 2015).

Moreover, immobilisation is another technique
that can enhance H, yields from microalgae (SaiFup-
DIN & PriaTHARSINI, 2016). This technique has more
advantages, i.e. immobilised cells occupy less space,
require small volume of growth medium, easier to
handle and can be reused (EroGLU & MELIs, 2011).
The enhancement of hydrogen production by immo-
bilised C. reinhardtii cells on various polymer matri-
ces have been investigated, such as Al-borosilicate
porous glass sheets, thin alginate films, Ca**-alginate
films. These immobilised conditions provide signifi-
cantly increased duration of the hydrogen produc-
tion phase; stimulate hypoxic environment and very
rapid decline of PSII activity within the alginate cells
(LAURINAVICHENE et al., 2006; KOSUROV & SEIBERT,
2009).

In this study, novel potential hydrogen produc-
ing green microalga Carteria crucifera AARL G045
was introduced. The hydrogen production of this
strain under phototrophic and photo-fermentation
was evaluated. In addition, the bacterial floras were
isolated and co-cultured individually with the micro-
alga. Photoautotrophic hydrogen production in free
microalgae or bacteria-cultured cells was compared
to those under immobilisation conditions.

MATERIALS AND METHODS

Algae and bacterial strains

Algal strain, Carteria crucifera AARL G045, was
obtained from Algal Culture Collection ofthe Applied
Algal Research Laboratory, Department of Biology,
Faculty of Science, Chiang Mai University, Thailand.
Algal cells were maintained under phototrophic con-
ditions containing Jaworski’s medium (consisting of
Ca(NO,),.4H,0, KH,PO,, MgSO,.7H,0, NaHCO,,
EDTA Fe Na, EDTA Na, H,BO,, MnCl,.4H,0,
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(NH,)6Mo.0,,.4H,0, Cyanocobalamin, Thiamine
HCI, Biotin, NaNO,, Na,HPO,.12H,0) (SCHLOSSER,
1982) at 25 + 2°C continuous shaking under illumi-
nation of a white fluorescent lamp (50 umol m=s™).

Bacterial flora strains in the algal culture were
isolated according to the following procedure: bacte-
rial flora in the algal culture was obtained by spread-
ing on mixed Luria Bertani (ATLas, 2010) and Jawor-
ski’s medium (1:1) agar plate after a serial dilution
and incubated at 37°C in the dark for 24-48 hours;
bacterial colonies with clearly different phenotypes
were picked and restreaked on fresh agar plate for
pure strains (L1 et al., 2013). These strains were co-
cultured with Carteria crucifera AARL G045 to pro-
mote hydrogen production.

Identification of bacterial flora in algal culture
The complete genomic DNA of bacterial iso-
lates was manually extracted and purified (Evans
et al.,, 2013). Bacterial 16S rDNA was obtained
by PCR amplification using universal primer pair
27F/1492R  (27F: 5’-AGAGTTTGATCCTGGCT-
CAG-3’; 1492R: 5>-TACCTTGTTACGACTT -3°)
(Bio Basic Canada Inc.). The PCR products were pu-
rified using a GF-1 AmbiClean (PCR&Gel), ViVan-
tis (Nucleic Acid Extraction Kit Hand Book) and se-
quenced on an ABI3730x1 DNA analyser. Taxonomic
classification of bacterial 16s TDNA gene was ana-
lysed using the nucleotide-nucleotide BLAST data-
base. A phylogenetic tree was constructed by MEGA
programme using the Neighbor joining method.

Hydrogen production in Carteria crucifera AARL
G045 under photoautotrophic and photo-fermen-
tation conditions

Green microalga Carteria crucifera AARL G045
cells were harvested by centrifugation at 4500 rpm
for five minutes and washed three times in sulphur-
deprived medium. Carteria cells were transferred to
a 1 litre experimental bottle containing 800 ml me-
dium consisted with two trials: sulphur-deprived Ja-
worski’s medium (JM-S) and sulphur-deprived Tris
Acetate Phosphate medium (TAP-S) (Harris, 1986).
Photo-fermentation is the fermentative conversion
of organic substrate to biohydrogen production by a
diverse group of photosynthesis bacteria. TAP me-
dium contains acetate compound, which represent
photo-fermentation mode (ATir et al., 2005). How-

ever, Jaworski’s medium does not contain organic
substrate, microalgae use carbon dioxide as a carbon
source, thus, Jaworski’s medium is defined as a pho-
toautotrophic condition. Initial optical density of al-
gae cells was defined to OD,, of 0.5 (chlorophyll a
about 442.82 mg L!). Oxygen gas in the system was
eliminated by flushing with argon gas. The experi-
mental bottles were sealed and incubated at 25 + 2°C
under illumination of a white fluorescent lamp (27 +
2 umol m s™') on magnetic stirrer.

Hydrogen production was measured by replac-
ing water in cylinder. Hydrogen concentration in the
headspace of cylinder was determined using a gas
chromatography device (Agilent HP 6890 gas chro-
matograph, thermal conductivity detector (TCD),
HP-PLOT molecular sieve SA (30 m)). The oven
temperature was maintained at 40°C. The injector
was kept at 180°C, whereas the detector was kept at
220°C. Helium gas was used as the carrier gas dur-
ing hydrogen analysis. Besides, oxygen levels in the
culture medium on the first and last days of the ex-
periments were determined using Dissolved Oxygen
Meters (HORIBA — LAQUAact OM-71-02). More-
over, algal growth was measured by chlorophyll
measurement (Sano, 1975).

Co-culture of Carteria crucifera AARL G045 and
its isolated bacterial flora for H, production

Bacterial flora cells in agar plate were maintained
with Luria Bertani (LB) broth in the dark under con-
tinuous shaking at 125 rpm 37°C for 18-24 hours
until exponential bacterial growth. Then, cells were
harvested by the centrifugation at 12000 rpm for 10
minutes. Green microalga Carteria crucifera AARL
G045 in Jaworski’s medium was harvested by cen-
trifugation at 4500 rpm for five minutes. Algal cell
palates were washed three times in sulphur-deprived
Jaworski’s medium (JM-S) before inoculation. Both
alga and bacterial flora palates were transformed to
a 1 litre experimental bottle containing 800 ml of
JM-S culture medium. Initial optical density of the
alga and bacterial cells were defined to OD,, of 0.5
(chlorophyll a about 442.82 mg L") and OD_, of 0.5,
respectively (LakaTos et al., 2017). The condition of
hydrogen production was the same as in the above
methods. Hydrogen production in the headspace of
cylinder, and oxygen levels in the culture medium
were determined.

147



Duanaian K., Nakknuntaop W., Pumas C.

Co-culture of Carteria crucifera AARL G045 and
the selected bacterial flora with immobilised and
free cells for H, production

The selected bacterial flora and microalga were
co-cultured in JM-S culture medium under immobi-
lised and free cell condition. Four treatments, con-
sisting of free cell of alga and free cell of bacterium,
immobilised alga and immobilised bacterium, free
cell of alga and immobilised bacterium, immobilised
alga and free cell of bacterium, were cultivated in a 1
litre experimental bottle containing 800 ml of JM-S
culture medium. The condition of hydrogen produc-
tion was the same as in the above methods (Fig. 2).

For immobilisation, the initial microalgal cell was
about 1 x 10%cells mL"'. The cells were centrifuged
at 4500 rpm for 10 minutes. Then, microalgal pellets
were mixed with 2% sodium alginate before forming
in 0.1 M calcium citrate. Finally, the calcium algi-
nate (about 3 mm diameters) was soaked in calcium
chloride and kept at 4°C for two hours (Fig. 3) (DE
Basnan & BasHan, 2010; BoonkHoT et al., 2015).

-

Retort stand
and clamp |

Replacing of
water in
cylinder

Experiment bottle

Rubber stopper
and aluminum
crimp seal

Magnetic stirrer

Fig. 2. Diagram of hydrogen production system in Carteria
crucifera AARL G045 and the selected bacterial flora with
immobilised and free cells for H2 production

Fig. 3. Immobilised Carteria crucifera AARL G045 cells in
calcium alginate (scale bar = 3 mm)
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Measurements of algal and bacterial growth

On the first and last day of the experiments, bac-
terial density was determined on LB-JM plates using
serial dilutions, while algal growth was determined
by chlorophyll a content (Sauo, 1975). Briefly, al-
gal cells from co-culture were filtered through GF/C
glass microfiber filters; re-suspended in 90% (v/v)
methanol and incubated at 70°C for 20 minutes; the
supernatants were collected by centrifugation (MSE
Sanyo Harrier 18/80) at 6000 rpm for five minutes.
Chlorophyll a was calculated according to the fol-
lowing equation (1):

[11.6(A665-A750)-1.31(A645-A750)

—0.14(A630-A750) x methanol (mL)]
Chlorophyll a (mg.L") = (1)

[Sample (L) x 1/path of cuvette]

For immobilised cells, Ca*" alginates were dis-
solved in 7% sodium bicarbonate.

GenBank accession number

A GenBank accession number for nucleotide se-
quence of green microalga Carteria crucifera AARL
G045 is MN223983, and its bacterial flora Agro-
bacterium tumefaciens G045-01 and Aeromicro-
bium kwangyangensis G045-02 are MN220636 and
MN220637, respectively.

RESULTS AND DISCUSSION

Identification of Carteria crucifera AARL G045
bacterial flora in the algal culture

After serial dilution and purification, two bacte-
rial flora strains were isolated from Carteria culture
by LB-JM medium agar. Those strains were named
G045-01 and G045-02. From phenotype observation,
bacterial flora strain G045-01 is a rod gram-negative
bacterium, which form small white colony, convex,
circular with an entire edge. Second strain, G045-02
is a rod gram-positive bacterium, which form big
yellow colony, flat, circular with an entire edge. Two
isolated bacterial floras were identified by sequencing
of their 16S rDNA gene and phylogenetic tree, re-
spectively. The results exposed that G045-01 showed
high similarity up to 99% with that of Agrobacteri-
um tumefaciens and G045-02 was closely related to
Aeromicrobium kwangyagenesis with 99% similar-
ity, based on the GenBank data (Fig. 4). Typically,
Agrobacterium tumefaciens (Rhizobium radiobacter)
is a widespread naturally occurring soil bacterium,
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gram-negative, aerobic, rod-shaped, motile and often
associated with plants, which causes the crown gall
disease in various dicotyledonous plants (Guo et al.,
2017), whereas Aeromicrobium is a gram-positive,
aerobic, rod-shaped, non-motile actinomycete strain
(N et al., 2015).

In routine culture, mutualistic bacterium is usu-
ally observed in algal culture and its secretion has
a tendency to promote algal growth. Previously, the
studies have exposed that several bacteria have the
capacity to enhanced hydrogen production in algae-
bacterium co-cultivation (L1 et al., 2013; WIrTH et
al., 2015; Xu et al., 2016; LakaTos et al., 2017; BAN
et al., 2018). Thus, bacterial flora in Carteria cruci-
Jfera AARL G045 cultivation may assist to enhanced
hydrogen production in Carteria-bacterium co-cul-
tivation.

KJ124585.1 Agrobacterium tumefaciens strain KRM 13 a
96 | MH393214.1 Agrobacterium tumefaciens strain N1

JQ659798.1 Agrobacterium tumefaciens strain R6-330
Agrobacterium tumefaciens G045-01

AJ389904.1 Agrobacterium radiobacter

D14500.1 Agrobacterium tumefaciens
92 INR 115516.1 Agrobacterium tumefaciens strain NCPPB2437

100 | FJ042789.1 Aeromicrobium halocynthiae strain KME 001 b
NR 104488.1 Aeromicrobium halocynthiae strain KME 001
&b NR 042659.1 Aeromicrobium ponti strain HSW-1
3o | [ EF693740.1 Aeromicrobium kwangyangensis

99 | Aeromicrobium kwangyangensis G45-02

Fig. 4. Phylogenetic analysis of bacteria isolated from Carte-
ria crucifera AARL G045 culture base on 16S rDNA sequen-
ces. Phylogenetic tree was constructed by MEGA program-
me using the Neighbor joining method. a — Agrobacterium
tumefaciens G045-01, b — Aeromicrobium kwangyangensis
G045-02

Hydrogen production in Carteria crucifera AARL
G045 under photoautotrophic and photo-fermen-
tation conditions

Biohydrogen gas from microalga in headspace
of the experiment bottles was monitored every 24
hours. The gas content in the headspace was hydro-
gen, nitrogen and carbon dioxide. Hydrogen produc-
tion under photoautotrophic condition (JM-S) had
higher levels than that of photo-fermentation condi-
tion (TAP-S) during 72 hours of the cultivation. The
highest hydrogen accumulation in JM-S was 4.55 mL

L' culture (203 umol H,) (Fig. 5). Since the two-stage
bio-photosynthesis was used for temporal separation
of oxygen by sulphur-deprivation, lacking sulphur
had direct effect on two essential amino acids in D1
protein (methionine and cysteine) synthesis. After
that, D1 protein, the major protein in photosystem I1
reaction centre, was damaged, which decreased oxy-
gen production and the condition become an anaero-
bic state (MELISs et al., 2000; SRIRANGAN et al., 2011).
Then, hydrogenase enzyme could function. Some
studies have reported that hydrogenase activity may
be frequently noticeable after 3—4 hours under anaer-
obic conditions (FORESTIER et al., 2003). In this study,
higher level of hydrogen production was observed
under photoautotrophic conditions (Jaworski’s me-
dium). Since each species of microalgae is suitable
for different medium and culture conditions, they
also have a variety of biochemical mechanisms and
different physiological processes. Thus, each species
of microalgae may have different photosynthesis and
hydrogen production (CHADER et al., 2009). As a re-
sult, Carteria crucifera AARL G045 grew well in Ja-
worski’s medium under photoautotrophic conditions
and high level of hydrogen production was revealed
as well. The results are supported by several inves-
tigations suggesting that photoautotrophic condition
may promote hydrogen production in various green
microalgae. However, it is also important to note that
each microalga has a different suitable medium for
hydrogen production (Song et al., 2011; Hwang et al.,
2014; DuanGIaN et al., 2017; PHoLcHAN et al., 2017).
Concerning the economic and upscale production,
the direct biophotolysis is more advantageous as the
media does not require any organic carbon source
thereby obtaining a low-cost medium (DuaNGIaN et
al., 2017; NaGaraJaN et al., 2017). Amount of ox-
ygen in culture medium and algal growth was also
demonstrated during 72 hours of inoculation. The
results showed significantly decreasing level of oxy-
gen in TAP-S medium (p < 0.05), whereas signifi-
cantly increasing level of oxygen in JM-S medium
(» <0.05) was observed (Fig. 6). The previous study
has demonstrated that acetate substance has a direct
effect on photo-system II (PSII). The cultivation of
Chlamydomonas reinhardtii under mixotrophic con-
ditions in acetate-supplemented media (TAP medi-
um) has revealed that the O, level in thylakoids of
mixotrophic C. reinhardtii is less than that in photo-
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autotrophic cultures (RoacH et al., 2013). As a result,
acetate in TAP-S medium may have the same effect
on Carteria crucifera AARL G045, which belongs
to the same taxonomic order of Chlamydomonad-
ales. Even though a higher level of hydrogen produc-
tion was observed under photoautotrophic condition
(JM-S medium), oxygen gas could also be detected.
This result corresponds to the report by Hwang and
co-researchers, who have demonstrated that the H,ase
gene (HYDA) of some eukaryotic microalgae could
be expressed and detected even at high concentrations
of oxygen (= 21%, initially atmospheric condition)
(Hwang et al., 2014). Additionally, the reduction of
oxygen by co-culture with bacteria may enhance hy-
drogen production. Consequently, Jaworski’s medium
was designated for hydrogen production by co-culture
Carteria crucifera AARL G045 with bacterial flora in
the next step.

w

—

T T , time (hour)
48 72

——TAP-S |

Acumulated Hy (mL.L"! culture)

---]M-S

Fig. 5. Accumulated hydrogen production from the cultiva-
tion of Carteria crucifera AARL G045 in sulphur-deprived
Jaworski’s medium (JM-S) and sulphur-deprived Tris acetate
phosphate medium (TAP-S)
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Co-culture of Carteria crucifera AARL G045 and
isolated bacterial flora for H, production

The microalga Carteria crucifera AARL G045
was co-cultured with its isolated bacterial flora, Agro-
bacterium tumefaciens G045-01 and Aeromicrobium
kwangyangensis G045-02 in JM-S culture medium
and investigated for potential H, production. It was
found that hydrogen production start producing at the
first 24 hours and the highest accumulated H, was rec-
ognized as 6.58 mL L' (293.75 umol H,) in the co-
culture with A. kwangyangensis G045-02, which was
higher level of H, than that of the single algal culture
by about 1.32 times (Fig. 7). Moreover, the results
showed significantly decreasing level of oxygen in
the co-culture with 4. kwangyangensis G045-02 (p <
0.05), whereas significantly increasing level of oxy-
gen in single microalga (p < 0.05) (Fig. 7). Aeromi-
crobium is an aerobic bacterium that is commonly iso-
lated from the environment, including soil and water
(MiLLER et al., 1991; Lee & LEE, 2008). Earlier studies
have noted that increased respiration rate or O, con-
sumption of co-cultured bacterial strains is the main
reason for enhancement of H, yield. It is correspond-
ing with our study, in which we found that the lowest
of dissolved oxygen was observed in co-culture algae
with A. kwangyangensis G045-02 (Fig. 7). This result
is in accordance with several other studies. According
to Li and co-researchers, co-culturing of C. reinhardtii
strain with Stenotrophomonas maltophilia strain 776
and Pseudomonas sp. A8 also provides higher hydro-
gen production by about four times more than single al-
gal culture together with the lowest oxygen content (Lt

M-S TAP-S

IM-S TAP-S

Fig. 6. Measurement of dissolved oxygen and algae growth in cultivation of Carteria crucifera AARL G045 for hydrogen
production in sulphur-deprived Jaworski’s (JM-S) and sulphur-deprived (TAP-S) Tris acetate phosphate medium. a — dissolved
oxygen in culture medium, b — chlorophyll a, * — significant difference by the Paired Samples Test
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et al., 2013). Moreover, several bacterial strains have
been considered to co-culture with algae to enhance
H, yield, including Bradyrhizobium japonicum. This
strain is known to improve the H, yield by increasing
the biomass, respiration rates, hydrogenase activity
and starch content of pure algae cultures. Co-cultur-
ing with this bacterium provides maximum hydrogen
production by about 17-fold of the pure algal culture
(Xu et al., 2017). Although algal strain is the most im-
portant for hydrogen production, gas-to-liquid phase
ratio, algal optical density and algal size are crucial
factors that influence hydrogen production (LakATOS
etal., 2017). Moreover, optimized condition of micro-
alga and bacterium co-cultivation may enhance more
H, production as well as immobilisation. An immobi-
lised technique has been reported for greater hydrogen
production in microalgae (SAIFUDDIN & PRIATHARSINI,
2016). Thus, in our study, this technique was reported
to help produce higher hydrogen gas.

Co-culture of Carteria crucifera AARL G045 and
the selected bacterial flora with immobilised and
free cells for H, production

In this study, immobilised and free cell cultivation
was used for high levels of H, production, and Aero-
microbium kwangyangensis G045-02 was selected to
co-culture with the microalga. Although other studies
have reported that the immobilisation technique has an
ability to support high producing H, yields, which is
easier to handle, such as transferring to new medium,
repeated for generated products, and protecting cells
from outer environment (MORENO-GARRIDO, 2008), our
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result was in contrast. The highest involved H, was
recognized from both free cells of algae and bacterial
flora as 6.01 mL L culture (268.30 pmol H.) (Fig. 8).
However, both immobilised algae and bacterial flora
cells, free algae cells and immobilised bacterial flora
cells, immobilised algae and free bacterial flora cells
demonstrated lower involved hydrogen gas as 2.94,
2.10, and 0.66 mL L' culture, respectively (Fig. 8).
The hydrogen gas was produced within first 24 hours
in the treatments with inoculated free cell of alga and
free cell of bacterium, immobilised alga and immobi-
lised bacterium and free cell of alga and immobilised
bacterium. However, H, production was detected only
after 72 hours in the treatment with immobilised alga
and free cell of bacterium.

In this study, initial dissolved oxygen in the cul-
ture medium was defined between 1.37—-1.47 mL L.
However, after 72 hours of inoculation, only oxygen
content in both free cells of alga and bacterial flora
treatment significantly decreased to 0.37 mL L'!(p <
0.05) (Fig. 8), while the oxygen content of the other
treatments significantly increased (p < 0.05), espe-
cially in the immobilised algal cells. Possibly due to
the fundamental changes in the cellular metabolism,
the increase of oxygen from the immobilised state
has been reported by HAMEED & EBrRAHIM (2007).
Since hydrogen production in both alga and bacterial
flora in free cells were greatly developed, it may be
the synergic effect from bacterial growth and did not
appear to be affected. The growths of microalga were
not significantly different in most treatments, except
in free cell of alga and immobilised bacterium. How-

4

£ on 72h b

w

Carteria Carteria + G045-01  Carteria + G045-02

Fig. 7. Gas composition derived from inoculation of Carteria crucifera AARL G045 and bacterial flora in sulphur-deprived
Jaworski’s medium. a —accumulated hydrogen production, b — dissolved oxygen in culture medium, G045-01 — Agrobacterium
tumefaciens G045-01, G045-02 — Aeromicrobium kwangyangensis G045-02, * — significant difference by the Paired Samples

Test
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Fig. 8. Gas composition derived from inoculation of Carteria crucifera AARL G045 with Aeromicrobium kwangyangensis
G045-02 in sulphur-deprived Jaworski’s medium compared to algal and bacterial growth. a — accumulated hydrogen pro-
duction, b — dissolved oxygen in culture medium, ¢ — chlorophyll a, d — bacterial cells, Im — immobilised cell, F — free cell,

* — significant difference by the Paired Samples Test

ever, it seems that bacterium 4. kwangyangensis
G045-02 did not prefer the immobilised condition,
which was noticeable from decreasing cell number
of bacterial cells (Fig. 8). According to the results,
appropriate conditions of free microalga-bacterium
co-cultivation may be considered to enhance hydro-
gen production.

CONCLUSIONS

Co-culture of microalga Carteria crucifera AARL
G045 and its aerobic bacterial flora Aeromicrobium
kwangyangensis AARL G045-02 generated higher
level of hydrogen gas than that of a single algal cul-
ture by about 1.32 times. As a result, photoautotrophic
condition was considered to be an alternative method
to enhance hydrogen production from green micro-
alga. Co-culture of both free cells of the microalga
and the bacterium produced higher hydrogen than
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co-immobilisation. However, optimized condition of
Carteria and bacterium flora co-cultivation may as-
sist high hydrogen production.
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KULTIVUOJAMU SU BAKTERIJOMIS MIKRODUMBLIU CARTERIA CRUCIFERA AARL
G045 FOTOAUTOTROFINE VANDENILIO PRODUKCIJA

Kritsana Duancian, Watsamon NakkHUNTHOD, Chayakorn Pumas

Santrauka

Pirmg karta buvo nustatyta, kad Carteria cruci-
fera AARL G045 mikrodumblis, kultivuojamas su
bakterijomis, turi didelj potencialg fotoautotrofiné-
mis sglygomis gaminti bio-vandenilj. Tyrimai at-
likti su imobilizuotomis kalcio alginato granulémis
ir laisvomis mikrodumbliy ir bakterijy lgstelémis,
o vandenilio produkcija tirta fotoautotrofinémis ir
anaerobinés foto-fermentacijos sglygomis. Dvi su
Carteria crucifera AARL G045 kultiira asocijuotos
bakterijos buvo isskirtos ir, atlikus 16S rDNR seky

analize, identifikuotos kaip Agrobacterium tumefa-
ciens G045-01 ir Aeromicrobium kwangyangensis
G045-02. Rezultatai atskleidé, kad mikrodumblis
Carteria crucifera AARL G045 ir bakterija 4. kwan-
gyangensis G045-02 auginami kartu vienoje kultiiro-
je apie 1,32 karto padidino vandenilio dujy gamyba.
Taip pat, abiejy neimobilizuoty bakterijy ir mikro-
dumblio Igsteliy kultiiros iSskiriamo vandenilio kiekj
padvigubino, lyginant su ko-kultivuojamomis imobi-
lizuotomis lgstelémis.
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