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N. Fixation and H, Production
by a Phototrophic Bacterium, Chromatium sp.
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Chromatium sp., densely populated on the bacterial plate of Lake Kaiike throughout the
seasons, possibly fix N, and concurrently produce H,. N, Fixation and H, production by
Chromatium sp. were performed under photoautotrophic growth condition, and of which
rates were much higher and showed exponential growth phase. Bacterial plate samples from
Lake Kaiike collected on July 27, 1994 were used to know the effect of the light or H,S
on N fixation and H; production by the bacteria. At low light intensity (250 lux), low
rates of N, fixation and H. production were detected after 18 hours. However, high rates
of the production were observed under the condition of high light intensity (1000 lux).
On the other hand, a very low rate of N, fixation was observed without an addition of H.S,
while the bacteria rapidly increased N, fixation and H, production after adding H;S and the
highest rate was observed in case of adding 20 mg H,S-S/m{ to the bacterial plates.
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KE89] Purple sulfur bacteria®l Chroma-
tium sp.t BA Lol Flel=zA)7) A9
B2 Hol] X3 B FlelolAl #k (R
WA 1015 km?’, 244 1116 mi 31° 500
N, 130° 100 E) o4 % B&EY {Eenes
A%z It Matsuyama, 1977).

ARE2RES] HAK ALY gl Fleloldl
I FHHeE 3N - WA FoE R
Hu, #F7A Fole Hitol ¥ ¢aE

v Rl A QIAed, dEuol Fol L RBEER
EAstar Qe Matsuyama, 1981). FEH: &3
HEM Ee HRA.5~55 mdE B kAR
#I8 Chromatium sp.7} ®%ro] HxA XY
AFHe 2 Wi BEsA amsta Jon, of
&% Chromatium sp.2] NATE “bacterial
plate” & F-ErH( Matsuyama, 1980). = 99
R Eolls vl AR Az EAsh=dl,
BEEB(N, P9} BZFoz Qla) I3 He A&
8L ¥ e FEeolvh et 4
EERIEY HIox EFSE £ A
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SEERIE] F8slx o, 53] bacterial
plate?] F4-3 F4o 2 Wzl BilE HEolx
itk (Matsuyama, 1978).

39 F7Addl A4si e Chroma-
tium sp.2| MATL FREAA L= S49
Biprd ¥RE ol gl §& AAR e,
ol Eul AR WAREIE e, o8 F
9 & SHIEY Ho|AEEANE EAldln
AT 5, FhololAl oAl Fo3h
#E d#d gkcl(Matsuyama, 1978).

HAATES FEQ) BT RS kA
olAe] FRAAIFe] HER el 3 8Rlo
Ha ek ol#dt A AelH B4 Fo
3Rl ERFCZA HATREE olfsle] ¢m
YolZ Al SEREEL olv] BYAAITFS]
HEHQ Ael5dez d8A i Madigan
and Gest, 1979 ; Gest et al., 1985). Chroma-
tium sp.o W o KFSE RARK
SRS HoEn], smHKoRA SRS ol
sl At ¢ Qi w=g HamAe] Al
AR 7LE A7) = Sl (Matsuyama, 1986 5
1987a). °|& A&AQ wWoilA Bopd, IE
HE5 e VRS, 53] A8 Wik
FToE QT RFNUAY ML 5] FAHlol tHal
AR7Ew HEol 3 RS dACVAR 7Y
WE ofA7 W) wfiFell KR ARk R
% 4 gl Mitsui and Kumazawa, 1977). =3
AT 2 AAEA AAZE BRET =2
HORFCnE, FEEURIE ¥ X 59 H
JYEZAE FIHMEES] 7leAe] Iy ¥
It Kobayashi and Kurata, 1978).

o| FZAAMTF Chromatium sp.= Y3 54 o)
L B4 E TRT kTR Qe 7}
o, tmuole) ififEolE HAAo 23
Y A4S 38 ¢ Aok webA gy
Aoz Aol mrel A Wil ERE ozt
Fa27MA 59 A4 55 BRI oA 7s
slejet A=,

o] A= Chromatium sp.ol| sl FA4o] =

rlo

i E SR kel RE, FEEFIE
U xjoje] Ho|WEZHY o]frteA, En
Al R 2 4] AFK7EL ] B 55 E4she
HEEE=RA, o] #9 F43A o A4L3H o0
FHbEE a4 BEHE 54, ol ghel
olAl FpollA LY EEME BRsl Y=
Chromatium sp.9] BUEEHe] SEEzE 9 &
Rl oigr Wz ssledo] pES iR
32 gk

L B F S

o] EEoN A AHE% Chromatium sp.x= 19831
59 Flolo]Al £479] bacterial platedil A 43RE=
Zolv, Pfennigiii(1965)0l 2lah MWIE 1,000
lux, 7&ifl 25T, pH 8.0~8.4, 384 130 mg
H.S-S/£9) Az oA K=ol sir)h o
o] YA BEERM (FE5, 33%)S 1asto
wxle] AR Fol| NaCl®t MgSO,: TH.0&
zHzk 25 g3t 3.5 g/lE FAAANR L, BETR
% SL 7% SL 1028 fRFEscH Matsuy-
ama, 1987b).

o] o] HREMO BRALT 1 L(FFPHT
AEE FE2A Jehllen, chga 2
NH.CI], 0.43 g KH,PO,, 425 mg ; KCl, 425
mg ; CaCl, 325 mg : MgSO, *+ 7TH,0, 3.5 g
NaCl, 25 g. Eitel wizl= 120C, 1718t sl A
oF 1417 A2 FWEslubA, N, 7HEE wlA] €]
7k Mol AAIZIH, @2 WHAch 9
Zkd wllAle 9A 147 R CO, 7HEE B
ol FYAIU) 2gjabA N, 7R F4)
sloll A 1 £¢] wiRle)] g3 22 FEE 7}
3tc}l, vlels] By, 26 ug s Na,CO;, 350 mg
NaHCO;, 1.68 g Na,S - 9H;0, 1 g; SL 10
|81 £2] FFroll B33 3ol M7k HCI
(35%, mol/£), 7 mé; FeCl, - 4H,0, 1.5 g
ZnCl;, 70 mg; MnCl, - 4H;O, 100 mg: H;
BO;, 6 mg ; CoCl; - 6H,0, 190 mg ; CuCl, "
2H,0, 2 mg: NiCl; * 6H,O, 24 mg ; NaMoO, °
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2H,0, 36 mg), 1 m¢ #|A8 pHE BF$
1 N HCI € %= 1 N NaOH £ & 82~
842 Histich

HPCEEM Eol7y Chromatium sp.t ¢
ZUolE AR Al A E o] §3to] FLorilk
(670X g, 1535 #iTsIAcH(33]). A4Eel
ol AAE Chromatium sp.) HHEE & EKgoll
ARg-sldch

Chromatium sp.2) w2 157 mé 279
fellg olgste] FrA Aol elFolxie
o, ko) AL $EsEsl 4 Thoma Hae-
macytometer® AR&sto] ol AAERch

BREE L CH, ®tik(Hardy et al., 1973)
off ok YAEe e o8 AHH A EZHEY
50 m¢E 100 m¢ 8] 4l W3, Ar 7kA
40 5 FAZ FAT F, HEHE CH,
7125 FYAAHHE FE 20%, V/V). . F
4719 Fhspell A ARG ARRAE T3 0.5
me] ZFAANBE HEGlY JtAIAEviEaE
(Sensortec. Inc. Lid.)E ZA3}%ich

teAagetEadZo 7 CH.S H9 &
e v CH.I Hy7k2=o] BHEihiRs wheol
Al Azbxele] BRol ol A 1 FEAE
ek

7t AgolAel vl 27e wiFgr]e Wi
o) 2l RES slPon, 3= ke
AAY YolRHoz z2A3gch Alx g
33kpdel BEE I e 0.5 nf §F] £
FA71E ol 8ol Na,SE&H(pH 7.00& H7t
slo} A3k

Bacterial plate Al89 £ 1994 W 79
279 359 FAFA  #l9lch.  Bacterial
plate2 A4 5 moll X3z Sllew, 2 ¢
Lo HARE olf - MR, 1 £ EF
el WA AEE 75 AME Fol Hd=
Ao 4 Hakslgim, 48 A7t o el Aok

Ag7F € S e FAY] T AERY
Ailioll oJs == MAFEIE Al F
getar, REE AAE A Al AY¥E

BAgEsHs Aoz sgich Add AHLE RES
W AZ(100 W)E ol&sigdc). Mzdela
FhaA gotel 3 w3ke s Adgdell =
wWFE 715 190l 4~53] A= 7PYA EEo]

Foleh.
AR 2 BR

Fig. 12 $#EEMA A3 Chromatium
sp.2l AEBTERGEREITh. #iue] BES
A $RkRz01 e, Al A7 A AE =7
= Zo] 3,504 8.0 pum, Zo] 5.5014 11.0
umZ Yehta gle,

Fig. 1. Scanning electron microscope photograph
of Chromatium sp. The bacterial cells are ovoid
to rod-like in shape.

ztzke) qtwol w50l ¥t Chromatium sp.
o AL Fig. 20 vehligich ssREo 24
duyols ZH7E 0, 1 2 20 mg/100 ME F
ofste] 2 A X F3E setsiang
Art. dRUolE T3l AEe wlE N,
7Ve2 Z7AZ o] #E BE Bl £2
g Uehlidch Z AAEEE gEcrirl
ofsf xelsh Ax FEXAE QR=A FAHPro.
05). 22y A£EES 0, 1, 20 mg/100 ml9)
ol FEFoR Eohor, A AYT77l
el FHERIIUEHPL0.05). 1A N, & H4&
Hog olfsle (YRl FEHF N,
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7WEE TIMUE Foildx A A4
(N— B2 38 ) o] 27] wiFoll WA
Zpol7h el 2o g AR 28y Chro-
matium sp.t BAYLTA qRUolE o] &3
R} AartEE ol 8% AR LREER
Z HolE UeNA] gk ZlollA & 749 AL
FEole] o A%E I YA YT ¢
T ow, o} et EAstolAE
Zujole] et viEo] AiuA el 3oy 2zl
7ol A&EEel Aol

Aa&doz A NHS H7bste] AA(Fig. 3a)
32 Y= Chromatium sp.8) BEIAEE
FEAAAEEE 47 Fig. 3b, coll YERAIEL
HPERN(BRE 2%04 647HA) oA A
Axe] F719F viEe sHEHE T2 BY
2 2 F7ksht, LEM(Heith 7 YRE o] Aje]
#TE 1097HD) e HolAw A EEdsFe
2A] Zasta Jrk(Fig. 3a).
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Fig. 2. Growth of Chromatium sp. at different NH,"
concentrations. ¢, 20 m2/100 m¢l, 1 m£/100
mé: @, 0 mg/100 m¢ (N: saturated).

AEIAXAEE CHE CHE AR a9t
ofujz} H*oll zHEete] H,E AAA K Yoch,
1978). BAnA a4 93 H,o A4E o] B
X 3ol wh g ¥ VY EZ A LA e
(Wilson et al., 1983). o] A¥JAE C,H.oll
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Fig. 3. Growth of Chromatium sp. on N: (a), the
N fixation (b) and H. production (c).
Numerals in the graph indicate days after inoculat-
ion.



FRA3MT Chromatium sp.8 AATART F2AP4t

A%t FAll HE AdEIged, F 7kkel
A RELLE JeRbHACh AARAE Hin
]
a2

w o

ol

SE9} FEYAEES wR, hETlolA S}
Wk, QY710 SolAmA SE7 S0l A St

0

e ¢+ Jok(Fig. 3b, ©). o] 79} FL&nA L

oo =2
A G /AL 23 e HeR 1,
o] AL AL Ao Hadk ovA 2 Eihel

SHI BHslod KA AARANA A 2
a4 #Ael Jehteletn getsich

Chromatium sp.8] A%l 7bd & AgS
A& 8L Wi} g3lrdol, o] Fof Al
3 F713Ee] d¥e o AT
vlatsted #A3) HL zleg Jelkkri(Matsuy-
ama, 1987b). o] #< JTAH WA A&
Holn glew, ALuAo ZFwidgAx olejdt
Aed B4 8 g 25 Er 9 FE9
23t ZANAE AdiHe g wE FLnH
EE(HHzANA ] AL Lxete) ) F
velllz] wiFoll FrelolAl ZpollAe] 3
SXEEEWE ARt Moon and Matsu-
yama, 1995). o] dFd|A FlojolAl 59
bacterial plate A1 &5 A4 sto] Kol 24 A
g A 3 W i) S &
Al e, Fig. 4a, b ¥ coll Yelgic) Bac-
terial plate A8+ F2 Chromatium sp.(3X
10° cells/mé) 2} Macromonas sp.(4X10° cells
/m) 2 FA= ] glgdch

8
= 1° 1000 lux
F
580
£
e |
Sy
250 lux
T
52
x
Q
0 10 20 30 40 S0

(10~%moles-1-1)
~N

10mgS-1 !

3mgS1 !
3,:: 1+
(&)

imgS 1~ SmgS1”!

$ 10 15 20 25 30
Time (hr)

Tef
3
e |
E
o
Z4r
I,
(&] 2 b
0 : |
30 35 40 50 55

75
Time (hr)

Fig. 4. Effect of light (a) and H;S concentrations
of 1, 3,5 and 10 mg S - £7" in concentrations (b)
and 20 mg S ¢! in concentration (¢) upen N;
fixation and H, production of bacterial plate samples.
Arrows indicate the time that each H;S concentration
was added into the culture vessel. In Fig. 4b, [1—(,
H: production with the additions of 3 and 10 mg
S-£27':0O—0O, H; production with the additions
of 1 and 5 mg S- ¢ '; H— W, CH, formation
with the additions of 3 and 10 mg S 27'; @— @,
C,H, formation with the additions of 1 and 5 mg
S- 27" In Fig. 4c, apparent increase of production
and formation of H, and C;Hs in all the culture
vessels at each addition of 20 mg S - £7' was shown.
Bacterial plate samples mainly consist of Chromatium
sp.(3X10° cells/m¢) and Macromonas sp.(4X 10° ce-
lis/ml). For the details, see the “Materials and Me-
thods” in the text.
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ERES 250 luxolld 18417 Foll Y &
=9 A4nAI FLP4be) QUslon), &l M
B 1000 lux? Zole We) matst FAldl
2 $58 FLaAH a4t BSH
(Fig. 4a).

ARA R F3eLE "okl 1 FEE
77+ 0, 1, 3, 5, 10, 20 mg H,S-S/¢2 ZAsko]
Age] A4 o 2484 £55 2A8
(Fig. 4b, o). #3545 A Yz 4L A8
A4 T3] AHe Fo FLnA G FiiYitol
dolsieh. Fa&wA 9 $2448 £5E 33
a9 FEF7M wel Fobd zkew, 20 mg
H,S-S/¢9] Exol4 71 & £5& 2k

Flole]Al F9) bacterial plate Alg9] &
&3 FAAALE YT Pippio] oEs=
S 7Hch olAe F2 NEFY Chroma-
tium sp.ol| 93] AT Ao] Yo Y& Ao
BEusn 9l Matsuyama, 1987a).

Chromatium sp.t= 7tololAl &9 F93%
—REEHEZ de{A % Matsuyama, 1987b).
o] To] A3l Qe FAHU~S m)S FHR
FEA LS} 3l L o] TR} FA Yot
gem, o o] BEKE U oFg FHoz
e otz IRBoe oo FEERIEC] F
data gk oo FEERIEC EAY &
= 7 £3% o2 A Chromatium sp.2He
FHE Hol A E o] EAl} 3] A4Sl
RS & = Y (Matsuyama, 1978). Ch-
romatium sp.© FAo| ¥& A4, dE o},
4 FE olf3sle] A, 1 AFRZA o]
Fol A e 49 A3He AEER
FEo] AR oHEAER AddEFEEI} F
ujFo| Ayt HEo| ¢kl 397F BrH(Matsuy-
ama, 1987b). =HI=EA 3He) o] Il
SR 2 RES] oofdel fSlol AL glon,
%xlo] &3 =lv SR\ MK Chroma-
tium sp.2| &4y BREE E&lele B
21 3+ 5(Moon and Matsuyama, 1995),
ELEo® ENsl= Chromatium sp.7b ©) %

FollA SR F33 AXE AAFHZ 9
5 ¢ 7 Uch

HA2 edrFe] v FELY ML EB
WAL PRI, AR, 22l & 59
FEhisAE AP0, o] HAolA purple sulfur
bacteria (&), Chromatium sp)t 2LQGE0)
AR 249 HFAE 4143 A7l B
BERS 1S A% s et (Kobaya-
shi, 1972). =3, tZUote] FE7F e 2
Aol M= FAAAATE == SRKEEHA o
Aol o) B3 A4LE #rse %
TPl HAeg oA 53] BT
FAL FRAAFE AAZE HEE, vk, A%
e %€ T2 i3k e mERe 4o
AEol7] Wi, TE EFZIEIU MM ol
%ol Ho|WE o) F7E 9ulsA Hrh(Koba-
yashi and Kurata, 1978).

o] 79 AT HLnAL, el BAAF
RRERN] AAEAIE G2A, Y3 P33
F4ol  9FE3H(Matsuyama, 1986 ; Moon
and Matsuyama, 1995). o] A&d|4 4345
Chromatium sp.8] AA£33-L ol2]gh 2Julej|4
Ao M 1 kol gEs= B uAEY
ARs 2A37)7F i dekg, @3le4 s
g3 dllre] At tiel, BlE HIeFe
A&l EFsd drzls AiLnAHod] s
7t £ THE HHHoZ FEso] o
o YER olg3l= A= risleElEt oA

A FY] ALYl W& AREES )
4813 #eHGest and Kamen, 1949 ; Newton
and Wilson, 1953 ; Wilson et al., 1983). ©]
A AE Chromatium sp.= Y3} B3i9|
EMsoll A 3] 4E YAk (Fig. 3c).
FHAANTY F4E Wi3le 4= 2E, 4
Zrall7l BAofuiA]e] BE3t shEste] =gl
URAE o83 £ty ARoIR ] Aol
el Be AF7t Y=o vk Mitsui and
Kumazawa, 1977). 53] #F =& P
Aol A el FHAATE o183 FaY4
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Alzrlel odf= A EE olduiR Y49
Rty R F2AAANAe HHeAE AlA
313 gIcH(Ohta et al., 1981). 9t} (& oldu)
A9Ec KR 2 HiHRe W3} 2 B
A9 FAAAFAI2E ] A HEEE 2Bl
g 3=z ¥E(Moon and Matsuyama,
1995), el {7189 E5Het ol Aol
BanAHZA ) Aehix] grolof 3}, oY
AFz7AE 1HdE Wl Chromatium sp.© 93}
Fipde] EAlez $£4E YA 97
ol HAR LAt B,

niehg EEjdl EHECANAE KRR S
BHERS} vlEo] AEE¥e] 3= Fo3n
g ¢ ik 53] mARN it FEE Mol
AR &7t glew, FAl6 Aqld-gol w
Fikel B Hx F7kx|oj7hs AF ol oleidt
Bkel BRI tigo] §3 4K, A
Al FAsE g Fh7129] ol f) o] ThsstAl
Hobd A4dH - s ez u|rt Acka ¥ 4
At} o] A¥elA Chromatium sp.t FgEA
Hog ALnAn FEAULE slo] EHHA
SN He Aibsta ek FAATY
Chromatium sp.& wioksle=vle o8 579
u|AEe] EQJo 2 kKK ojgige] Bou
2, ¥o2 olo] gt A7t Assloizol &
Rolt},

2 W

FrololAl ZollA £ RET (MBS
AAsla Q= Chromatium sp.t BREERS
7Kz glen, SREZ AR ARE HESC
o] W) EREEN AREEL FPA =ANA
8] ol FoiA|n, hRBERET HBERN(ex-
ponential growth phase)oll4 EEE7L 743
F3keh 199419 74 27 A3 FlololA] 49
bacterial plate FWHE ol8&3to] A4
FaaAs FaPL6 7Xe Yo 3kl
S FEHAC BREQS) ux)ddE 4

sp.8l AEnAH FaA4d

HAAFE oF 18A17e] AvkankAl AinA
FaAe] FAEG oY, BRE(1000 lux)al
Ae BEe BA0 e £59 Aa3AH
&AAte] BEE QI ke aE A FUA
&2 Aeole F9] %2 AauAe] Yetken,
B3fpre] FE F7 wet AEaAEET}
Fobzlen, 20 mg H,S-S/¢olA 7H FSieh

M

AR HEhEmd) T8¢ F4 AFdtam
skstoheh S4B s A ARFY
ool el £& AP

25 AR
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