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Fig.1 Chemical structure of bacteriochrolophyll d, e (a); chlorobactene (b); and isorenieratene (c) (from Sinninghe Damsté et al, 2006)
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) 1.1
( Kurian, 2012) , Chlorobium phaeovibrioides
, (DSM269) , Prosthecochloris vibrioformis
, (DSM260) (Gloe et al, 1975; Borrego et al,
6000 1994) 29 (
(Repeta, 1993) , Chen  (2001) 40 29 , 40
NaCl 1%,
e , A 45min;
e, ) CO; (30min)
, 1 B C(5mL) D(5mL)
e , E F@BOmL), s
, HCl  Na,CO, ( 2mol/L)
, pH 6.8 , Img/mL
(Gooday, 2009) (ImL/L )

(Hungate, 1969)

Hungate

5 ] 5

(Wang, 2009) , 1/3
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Tab.l1 Composition and concentration of culture medium No.29 for green sulfur bacteria
A CaCl,2H,0 1.25g 45min;
KH,PO, 1.70g CO,
NH,4C1 1.70g
KCl 1.70g
MgSO047H,0 15g
NaCl 100g
4000mL
B 860mL N
C VB, (0.002%) SmL
D HCI (25%) 7.7mL 121°C 15min
FeSO,-7H,0 1.50g
ZnCl, 70mg
MnCl,-4H,0O 100mg
H,BO; 300mg
CoCl,'6H,0 190mg
CuCl,2H,0 2.0mg
NiCl,-6H,0 24.0mg
Na,MoO4-2H,0 36.0mg
1000mL
E NaHCO; 7.5¢ CO, ,
100mL
F Na,S-9H,0 10g N,
100mL
Na,S-9H,0 1.5g N,
100mL
1.2 (20:60:20, V/VIV) Kong
(2012), ImL/min 4°C,
(Kong et al, 2012) 100uL e DAD
Smin, 470nm, d
, 1.5mL 1500uL R DAD 425nm,
Smin 0.22pm PTFE 300—750nm
, 700uL , 140pL , d e
Zapata (Zapata 1.3
et al, 2000), Waters €2695 2011 5 ,
R Waters Symmetry C8 2 ,
(4.6x150mm, 3.5um) R 27°C (1—3cm)
R A / / )
(50:25:25, VIVIV), 2% —20°C 1.2 ,
, pH 5.0; B / /
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1
E 123°

Fig.2 The sampling deployment in the sea area
adjacent to the Changjiang River mouth

( DHI ) ,
, (http://lipidbank.jp)
2
2.1 Chlorobium phaeovibrioides (DSM269)
DSM269 5—7d
3 24—
41min )

(Gloe et al, 1975,
Hurley et al, 1991; Repeta, 1993; Borrego et al, 1994,
Takaichi, 2000),

20, b, 20 , DSM269
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, 100 ( 4a),
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3mL 100% , 100pL (8'- -By- 29_35min ,
), Smin, ,
12h (5000r/min, 5Smin, 4°C), ( 2), e
3mL 5min, ( 4b) 37—42min,
, 0.22pum ,
PTFE s s ImL ( 4c)
700uL , 140uL 2.2 Prosthecochloris vibrioformis (DSM260)
1.2 , DSM260 3—5d
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5 26—
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Fig.3 Chromatogram of pigments extracted from Chlorobium phaeovibrioides (DSM269) (detection wave length: 470nm)
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Tab.2 List of pigments extracted from Chlorobium
phaeovibrioides (DSM269)

(min) (nm)
e
I
1 24.22 470.0, 605.5, 649.6
2 25.65 470.0, 606.7, 649.6
3 25.90 470.0, 606.7, 649.6
4 27.02 470.0, 605.5, 649.6
e
I

5 29.04 468.8, 600.6, 649.6
6 29.42 468.8, 604.3, 649.6
7 29.84 468.8, 605.5, 649.6
8 30.18 468.8, 605.5, 649.6
9 30.64 468.8, 603.0, 649.6
10 30.93 468.8, 604.3, 649.6
11 31.81 468.8, 603.0, 649.6
12 32.58 468.8, 605.5, 649.6
13 33.22 467.6, 605.5, 649.6
14 33.96 468.8, 603.0, 649.6
15 34.84 468.8, 603.0, 649.6

1 37.39 453.1,479.8

2 41.66 453.1, 478.6

35min 6 3 , DSM260
) d

2.3
C 7, €2,

3.1

11

>

700.00 400.00

9;c:

Chen

E
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e 11
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d e ,
(
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e 4 11
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1994; Airs et al, 2001)
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Fig.5 Chromatogram of pigments extracted from Prosthecochloris vibrioformis (DSM260) (detection wave length: 425nm)
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Fig.6  Absorption spectrum of a pigment extracted from
Prosthecochloris vibrioformis (DSM260)

%3 B ¥k Prosthecochloris vibrioformis (DSM260)Ff 7= & ’
E-DPIE S 1959
Tab.3 List of pigments extracted from Chlorobium , (DO)
phaeovibrioides (DSM269)
_ 2.57mg/L( , 1980) 20 ,
(min) (nm)
4 1999 8
2
1 25.991 427.6, 611.6, 649.6 ’ 13700km
2 26.604 433.7, 666.8, 633.0 (DO<2mg/L)(Li et al, 2002) 2003 ,
3 27.420 427.6, 610.4, 649.6 R 12000km’
4 30.410 410.7, 611.6, 649.6 (Chen et al, 2007) 2006 ,
20000km*(Wei et al, 2007)
Airs  (2002) C. ,
phaeobacteroides e 32°N (1974—1995)
[ | I | I , 1974 1995,
> ] e ) Img/L
, (Ning et al, 2011)

Li (2011)
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Fig.7 Chromatogram of pigments extracted from a surface sediment sample collected from the sea area adjacent to the Changjiang River mouth

Damsté et al, 2006),

(detection wave length: 440nm)

(Sinninghe



1008

46

e >
e(Meyer et al, 2011)
e (Chen
et al, 2001) e

, 1980. 4 , 2(2):

70—79

Airs R L, Atkinson J E, Keely B J, 2001. Development and
application of a high resolution liquid chromatographic
method for the analysis of complex pigment distributions.
Journal of Chromatography A, 917(1—2): 167—177

Airs R L, Keely B J, 2002. Atmospheric pressure chemical
ionisation liquid chromatography/mass spectrometry of
bacteriochlorophylls from Chlorobiaceae: characteristic
fragmentations. Rapid Communications in Mass Spectrometry,
16(5): 453—461

Borrego C M, Garcia-Gil L J, 1994. Separation of
bacteriochlorophyll homologues from green photosynthetic
sulfur bacteria by reversed-phase HPLC. Photosynthesis
Research, 41(1): 157—164

Chen C C, Gong G C, Shiah F K, 2007. Hypoxia in the East
China Sea: one of the largest coastal low-oxygen areas in the
world. Marine Environmental Research, 64(4): 399—408

Chen N H, Bianchi T S, McKee B A et al, 2001. Historical trends
of hypoxia on the Louisiana shelf: application of pigments
as biomarkers. Organic Geochemistry, 32(4): 543—561

Glaeser J, Baneras L, Riitters H et al, 2002. Novel
bacteriochlorophyll e sturctures and species variability of
pigment composition in green sulfur bacteria. Archives of
Microbiology, 177(6): 475—485

Gloe A, Pfennig N, Brockmann H Jr et al, 1975. A new

bacteriochlorophyll from brown-colored chlorobiaceae.
Archives of Microbiology, 102(1): 103—109

Gooday A J, Jorissen F, Levin L A et al, 2009. Historical records
of coastal eutrophication-induced hypoxia. Biogeosciences,
6(8): 1707—1745

Hodgson D A, Wright S W, Tyler P A et al, 1998. Analysis of
fossil pigments from algae and bacteria in meromictic Lake
Fidler, Tasmania, and its application to lake management.
Journal of Paleolimnology, 19(1): 1—22

Hungate R E, 1969. A roll tube method for cultivation of strict
anaerobes. In: Norris J R, Ribbons D W eds. Methods in
Microbiology. New York: Academic Press, 3B: 117—132

Hurley J P, Watras C J, 1991. Identification of
bacteriochlorophylls in lakes via reverse-phase HPLC.
Limnology and Oceanography, 36(2): 307—315

Itoh N, Tani Y, Nagatani T et al, 2003. Phototrophic activity and
redox condition in Lake Hamana, Japan, indicated by
sedimentary photosynthetic pigments and molybdenum over
the last 250 years. Journal of Paleolimnology, 29(4):
403—422

Kong F Z, Yu R C, Zhang Q C et al, 2012. Pigment
characterization for the 2011 bloom in Qinhuangdao
implicated “brown tide” events in China. Chinese Journal of
Oceanology and Limnology, 30(3): 361—370

Kurian S, Roy R, Repeta D J ef al, 2012, Seasonal occurrence of
anoxygenic photosynthesis in Tillari and Selaulim reservoirs,
Western India. Biogeosciences, 9(7): 2485—2495

Li D J, Zhang J, Huang D J ef al, 2002. Oxygen depletion off the
Changjiang (Yangtze River) Estuary. Science in China Series
D: Earth Sciences, 45(12): 1137—1146

Li X X, Bianchi T S, Yang Z S et al, 2011. Historical trends of
hypoxia in Changjiang River estuary: Applications of
chemical biomarkers and microfossils. Journal of Marine
Systems, 86(3—4): 57—68

Meyer K M, Macalady J L, Fulton ] M et al, 2011. Carotenoid
biomarkers as an imperfect reflection of the anoxygenic
phototrophic community in meromictic Fayetteville Green
Lake. Geobiology, 9(4): 321—329

Ning X, Lin C, Su J et al, 2011. Long-term changes of dissolved
oxygen, hypoxia, and the responses of the ecosystems in the
East China Sea from 1975 to 1995. Journal of Oceanography,
67(1): 59—75

Nishimori R, Mizoguchi T, Tamiaki H ez al, 2011. Biosynthesis
of unnatural bacteriochlorophyll ¢ derivatives esterified with
a, o-diols in the green sulfur photosynthetic bacterium
Chlorobaculum tepidum. Biochemistry, 50(36): 7756—7764

Overmann J, 2001. Green sulfur bacteria. In: Boone D R,
Castenholz R W, Garrity G M eds. Bergey’s Manual of
Systematic Bacteriology. 2nd ed. New York: Springer,
601—623

Overmann J, 2008. Ecology of phototrophic sulfur bacteria. In:
Hell R. Dahl C, Knaff D et al eds. Sulfur metabolism in
phototrophic organisms. Advance in Photosynthesis and
Respiration. New York: Springer, 27: 375—396

Repeta D J, 1993. A high resolution historical record of Holocene
anoxygenic primary production in the Black Sea.
Geochimica et Cosmochimica Acta, 57(17): 4337—4342

Richoz S, Van De Schootbrugge B, Pross J et al, 2012. Hydrogen
sulphide poisoning of shallow seas following the
end-Triassic extinction. Nature Geoscience, 5(9): 662—667

Sakurai H, Ogawa T, Shiga M et al, 2010. Inorganic sulfur
oxidizing system in green sulfur bacteria. Photosynthesis



1009

Research, 104(2—3): 163—176

Sinninghe Damsté J S, Schouten S, 2006. Biological markers for
anoxia in the photic zone of the water column. In: Volkman J
K ed. Marine Organic Matter: Biomarkers, Isotopes and
DNA. The Handbook of Environmental Chemistry. Berlin:
Springer, 2N: 127—163

Takaichi S, 2000. Characterization of carotenes in a combination
of a C18 HPLC column with isocratic elution and absorption
spectra with a photodiode-array detector. Photosynthesis

and Respiration. Dordercht: Kluwer Academic Publishers, 2:
49—85

Wang B D, 2009. Hydromorphological mechanisms leading to
hypoxia off the Changjiang Estuary. Marine Environmental
Research, 67(1): 53—58

Wei H, He Y C, Li Q J et al, 2007. Summer hypoxia adjacent to
the Changjiang Estuary. Journal of Marine Systems,
67(3—4): 292—303

Zapata M, Rodriguez F, Garrido J L, 2000. Separation of

chlorophylls and carotenoids from marine phytoplankton: a
new HPLC method using a reversed phase Cg column and
pyridine-containing mobile phases. Marine Ecology-
Progress Series, 195: 29—45

Research, 65(1): 93—99

Van Gemerden H, Mas J, 1995. Ecology of phototrophic sulfur
bacteria. In: Blankenship R E, Madigan M T, Bauer C E eds.
Anoxygenic Photosynthetic Bacteria. Advances in Photosynthesis

ANALYSIS ON PIGMENTS IN GREEN SULFUR BACTERIA WITH HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY AND THE APPLICATION

GUO Wei"*? YU Ren-Cheng', KANG Zhen-Jun"*? ~KONG Fan-Zhou', ZHOU Ming-Jiang'

(1. Key laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao
266071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Qinzhou University, Qinzhou 535000, China)

Abstract
chlorobactene, isorenieratene, etc, can be used as biomarkers to study anoxic events in a euphotic zone and changes of

Diagnostic pigments of green sulfur bacteria (GSB), such as bacterialchrolophyll d, bacterialchrolophyll e,

aquatic ecosystems under anoxic condition. In this study, two representative GSB species, Chlorobium phaeovibrioides
(DSM269, brown-colored strain) and Prosthecochloris vibrioformis (DSM260, green-colored strain) were cultured, and
their pigments were analyzed in high performance liquid chromatography. Bacterialchrolophyll d was detected from strain
DSM 260, and bacterialchrolophyll e and isorenieratene were detected from DSM 269. The retention time and
characteristic adsorption spectra were recorded for these pigments. For application, surface sediment samples collected
from the sea area south of the Changjiang River mouth, where seasonal hypoxia in the last decade was reported, were
analyzed. However, no GSB pigments could be detected. Considering the deteriorating trend of seasonal hypoxia in the
sampling region, GSB pigments can be applied as an index to the hypoxia in this region.

bacteriochlorophyll; isorenieratene; high performance liquid chromatography;

Key words green sulfur bacteria;

anoxia; hypoxia



