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T E: (8] A A@ARAREN A, KR EATETomREZL,ITENAERE K
HRE, FRATUEBEAMALTRAETRGUMRAFDHED SO TATHE, [FE] KgHF
@l pH T #ife i€ ge 2Rt 69 A 2, T B B AR AL e 1 3k AN AF B (Halothiobacillus) DCM-3 .
T 7 BR 3k B AL 48 B AHALAT B (Nitrobacter) N1 B 2 A AY 48 H I A5 A4 3 I8 1 (Nitrosomonas) SCUT-1 £,
oAl B R M 5 A 6 BT R A B 0o 5 CO, B9 mARILH), FFAMBEHAKRAT R, 2 HEKEREF
89 0,5 HCO;™ (COy)E RE WA AT M AR 69 & F 4 B ik ) S AT 433 R IGE, A BT &%
I o A AE MR A Ao R R, RARRRA RN mieEE . [4 3R] DCM-3. NI #= SCUT-1
B AR89 AR o B B ) 5 A 4 0.733:0.267. 0.867:0.133 A2 0.6:0.4, # & F JAL & T 45 Bk 6g %
#, DCM-3. NI #= SCUT-1 # #k & 3| 7T 4 A% 3.967 ATP/S,05>". 0.433 ATP/NO, #= 1.35 ATP/NH;.
BB LR, EAERORRIZALLRM BN T AR ATP 5, B2 RiE L4
BB ARERANALIE EWRAK. 4FHRIEIEF, DCM-3 BARERKIG T2 E S
6.5x10" CFU/mL, & 4z H|ts] 6T BBLA 4 2245, N1 HARERML G T a9 £ 42 4 7x10° CFU/mL,
S BALRE EF, [ERM P 4 HCO; IR E (0.4 mmol/L) B AKX T AT B&28(2.5 mmol/L), ZH
PREILE MG TR & A A st CO, & RIKMY A K45, S AFA MRt/ 4. SCUT-1 B
MAEFEH 0y F2 CO, 4 E I8+ 69 £ 45 NH, R E A4 &R R A 1.3x10° CFU/(mL- (mmol/L)) vA
E, AR 0,8 CO, TEMM G 25%-40%. [4] AT o Fommeiiit A Rmd ik,
BATPRAF]) O, F2 CO, BE R EFH T R — Z BN FRF B F B eyt indth, A TRHIR—EYD
EMHTHEMERR, ANEKARDRA OB ARE— T HRBASL,

A LEb A ARmE; T om; Rl s
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Culture strategy of chemoautotrophic bacteria based on electron
distribution

HE Xiaomin, LIN Weitie, LUO Jianfei’

School of Biology and Biological Engineering, South China University of Technology, Guangzhou, Guangdong, China

Abstract: [Objective] In view of the difficulty in the culture of chemoautotrophic bacteria, this
study analyzed the reasons for the difficulty based on the theory of electron distribution and
explored the feasibility of using the electron distribution strategy for increasing the biomass of
chemoautotrophic bacteria based on pure culture. [Methods] From the perspective of maintaining
intracellular pH balance and optimal energy metabolism, we calculated the optimal distribution
ratios of electrons produced by the sulfur-oxidizing bacterial strain Halothiobacillus sp. DCM-3,
nitrite-oxidizing bacterial strain Nitrobacter sp. NI, and ammonia-oxidizing bacterial strain
Nitrosomonas sp. SCUT-1 to O, and CO; by oxidizing corresponding substrates. Furthermore,
different molar ratios of O, to HCO; (CO,) were set respectively to form different electron
distribution ratios for pure culture verification of the strains. Substrate and product concentrations
were measured by ion chromatography and ultraviolet spectrophotometry, and cell density was
measured by the dilution coating method. [Results] The optimal electron distribution ratios of
strains DCM-3, N1, and SCUT-1 were 0.733:0.267, 0.867:0.133, and 0.6:0.4, respectively. Based
on the optimal electron distribution ratios, strains DCM-3, N1, and SCUT-1 could synthesize 3.967
ATP/S,05>" , 0.433 ATP/NO, , and 1.35 ATP/NHj;, respectively. According to the calculation
results, the main reasons for the difficulty in culture were the small amount of ATP synthesized
with the energy provided by per unit substrate and the need to control a low oxygen concentration
and supplement an appropriate amount of inorganic carbon. The results of pure culture verification
showed that the biomass of DCM-3 under the optimal ratio was 6.5x10" CFU/mL, which was
2.2 times that of the control group. The biomass of N1 under the optimal ratio was 7x10° CFU/mL,
which was not significantly different from that of the control group. However, the HCOj
concentration (0.4 mmol/L) of the optimal ratio of strain N1 was significantly lower than that
(2.5 mmol/L) of the control group, which meant that the strain showed a growth characteristic of
tending to higher oxygen concentration but lower CO, demand, which was consistent with the
calculated optimal ratio. The biomass accumulation per unit NH,;" concentration of SCUT-1 strain
in the group with controlled O, and CO, was more than 1.3x10° CFU/(mL-(mmol/L)), which was
25%—40% higher than that obtained under sufficient O, and CO,. [Conclusion] The culture strategy
of chemoautotrophic bacteria based on electron distribution restricts the culture conditions of
electron distribution by limiting the molar amounts and forming a certain ratio of O, and CO»,
which helps to improve the biomass accumulation under the same substrate condition and provides
certain strategic reference for the culture of chemoautotrophic bacteria.

Keywords: chemoautotrophic bacteria; electron distribution; energy metabolism; pure culture
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fLEE H AN 2 Co, T A FRAK, &
(Wi A OR T 2R AN = K= | AN R ] L7 = R e
IO E J 7K Ak B e #E T R R VR AU, SR
fLRE A SR E AR K G218 | A s Bk, XA
B U, SRR R K . Nowka
AU 1 3 S T AL AT T (Vitrobacter vulgaris) . 4k
[CHYALAT B (Nitrobacter winogradskyi) . R3iRHi
AL MR B (Nitrospira moscoviensis) %5 Al IR £ A4k
4l B (nitrite-oxidizing bacteria, NOB) [/ iff 5% 1 ,
e A RARE A 13-44 h, fLEE A FRFRLEA
AL 4 A (sulfur-oxidizing bacteria, SOB), L/ NFT
# & (Halothiobacillus sp.) LS2, 7E 20% AHE T
PL 1 mmol/L fAUHRIREL NIV, K AEY =
0 1.4x107 40 fg/mLB Wu 00T 4385 15 31 11
%4484k 41 14 (ammonia-oxidizing bacteria, AOB) V.
fili AL 5B 1 i (Vitrosomonas) W AR AT HE 57, 7E
1.5 mmol/L WM EE T, Hige KA YR ALGEIA
) 10°40f/mL. 5355, FhAE A I 40 R PR AR
A S U, RV | OB JREE . pH
. A, &EErETs, wu EOR g,
B R LT A4S | AU EE X 5 8k Nitrosomonas 4
KA BEM, Zhang SFHF50 AL, 1big A FR=40
BB/ N A DR (AN AR . A HLIR) 2
T AR IR SCHEFR ) DG A B - 1, 5- B R
AL T/ N %8 i (ribulose-1,5-bisphosphate carboxylase/
oxygenase, RuBisCO)J& K %) s A5k 0 il 41 7
1) CO, [flxE , S 4w nl 15 B iHAE X LA ALY
FEBRIDEIDT, FLRE [ 3% 40 B PR BT AR 1b 1 e UK
PE R 75 20 T I B 5 PR 5 5 AR e
PR s 15 SR AOMERE . ¢ TR BE H SR 40T
G IR R AT T — 2D W5

HEAFMT, fie A FRd i Sy A4
MY ARPIREE S, — 3RV IE (i 45 4%
i AR S O, [R] I T JC 52 57 66 £ (proton
motive force, PMF), 1 ATP & Wil F|FH PMF &

P4 actamicro@im.ac.cn, 7% 010-64807516

J ATP; 53—l T e b 45 1 Gk 1 &
Ji NADH 2318 J5UH [R] I #E PMF, i J5UH) iR 2%
FETREE COp mINN, fLHE A IR0 A
AR 7 B L 7 3 AR IS T T ATP A
TG, Ak —E W Bc s O, #1 CO,.
PN HEF 20 ML Y pH V- A A 3 g 12 AR (G R
ATP Fl38 57 1 A1) 5 ] Bl ik A2 e s 1) — 280 1Y
AR, AR HZ BN . A 2 A N
Py ACHIXT pH Y5200, BS I AH G =AH G,
TERL T3 LS O Hl CO, it v, 5 He il Az
P Ak (T ] e 2550 5 AR T N ) 4R A T F R A8
Y RAR T TAZIE LT Oy, HMMEGRZXF ATP Flid
JE TR G K, R AH o> AH G, 5 E A
W pH 224k, BETmZ i AN A A . i, K
R O VR AR A R [ e R, B
R A AR B L A R — S L O3 T 4R
0, #11 CO,,

A FEET XA RE 57 4H P % 77 RME Y 0]
NAESF A AL N pH - F A e 1 AR Y £ 2
Bl AH'=AH o (B T2 E G iRE 3845 O,, BT
F AN -AH " (BT AGNMEH T5 15 ATP
FEIEI)=0, VAL A Ry ATP Ak s ] T
il E COp, M T It 545 SOB I Bk
Halothiobacillus sp. DCM-3, NOB B #&AE LT B
J& (Nitrobacter sp.) N1 LI } AOB @ #Fk
Nitrosomonas sp. SCUT-1 S ALAH N JEE 9 7= A= i
T, WAL 0,5 CO AR L], HR e
D FL 723 BC bE 1 B b o B O 5 57 1 AL
ARG 1A 45 R4 T 2 B AL RE B R A
TR RN, LAAHBLE MR X2, 0l BB A
[ O, 5 HCO5™ (CO,)EE IR 1t LU A7 LAJE Jli AN [F]
() EEL T4 e U g A T AL S FR G AIE , 53R A
T3 BC A SR W X 2 e AL BE A 77 40 1 AR ) AR
KRR rE, W ALRE A SRR R B IR iR —E
5
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1 ME5FE

1.1 EHRFERE
1.1.1 HELHEE

1L BE H % 1 A 1L I ¥k Halothiobacillus sp.
DCM-3 HASPREIZH 532 5k 7% .

WMAEE IR (g/L): MgCl, 0.12, CaCly-2H,0
0.01, NaCl 1.00, Widdel f# &It K" 1 mL/L,
121 °C K &# 20 min 5, fill A NayS,03-5H,0
0.248, NH4C10.027, FeCly-4H,0 0.008, s
M 10 mmol/L, NaHCO; [ES g% & 5 &AM
FL 20T b A9 71 5 45 SR R IS A 484k 7 A T e
TR, A 0.22 pm FLAR 4 S BERRLE 5
CRHEETTHE IS S50 25 A BR A AT B BRI
Kig 3t pH 6.75-7.05.

A8 55 5L (g/L): KL,HPO,4 0.40, MgSOy-
7H,0 0.12, NH4C10.10, KNO; 0.40, Zifl§ 15.00,
121 °CK A 20 min Ji7, fiIIA NayS,05-5H,0 2.48,
NaHCOj; 0.20, FeSO, 7H,0 0.02, X747t v
BRR, 5975 pH 6.5-6.8
1.1.2  IREERER S L 4hE

V. fiF iR £ S AL TR AR Nitrobacter sp. N1 A
R T ERIT A A M SOKBE S B RS, K
¥ 5 Nitrobacter winogradskyi Nb-255 10l & %
5(99.58%).,

WA G T (g/L): MgSO,47TH,0 0.25, CaCly:
2H,0 0.01, NaCl 1.00, Widdel f & 7¢ % !
I mL/L, 121°CKE 20 min &, A NaNO, 0.35,
WEMR 2% vhK 20 mmol/L, % %E & i NaHCOs, iR
FIHEA TS UEBREE, HiFR%E pH 6.9-7.0,

R B 3% 3L (g/L): MgSO47H,0 0.25,
CaCl,-2H,0 0.01, NaCl 1.00, K,HPO, 0.30,
Widdel fTZEW" 1 mL/L, BEE 15.00, 121°C
K 20 min J5, JIA NaNO, 0.69, NaHCO; 0.20,
AT ERR A, B5 R4 pH 6.6-6.9,

1.1.3 fEMLHE

2 A AL E ¥k Nitrosomonas sp. SCUT-1 i 4%
PR A 00 K A B ARAS KR bR S B R
Nitrosomonas ureae AL H¢151(95.54%)

WA K 3 3 (g/L): MgSO,7H,0 0.05,
CaCl,-2H,0 0.02, NaCl0.50, 121 °CK 5 20 min
J&, JA NH4C10.053 5, WEBRZE M 6 mmol/L,
e E 1 mL/L, R A NaHCO;, 5
HATIEUERR TR, HEFRAE pH 7.50-7.65,

K K: 3% B (g/L): MgSO047H,0 0.05,
NaCl 0.50, KH,PO,0.10, CaCO; 500, Fifig 15.00,
121 °C K @& 20 min J5 , I A NH4Cl 0.535,
NaHCO; 0.42, #auE" 2 mL/L, KF 17
S UEBRTA , HFFRHE pH 7.9-8.0. AOB [E AL ##
FER TR AR, DL 125 mL i TR
Fdn, JEEH TG e 2E 5 48 55 0 2 T A B
i ] Parafilm™3:t I R0 22 1M 15 1T .

1.2 EERF TR

FHOKBRACBR RS . EhRE L e, b
SEMRA AR R A BR A A A BRIR A
YL KBEREN . RS SRR AL K E W .
TSR EURBREN, TR TR () A PR A
WAHER AN . fif, KET AR A
SR, iR bsRRa R AR SAR,
BCAS TR 2 A BR A ]

WA, DA IRAR; R
AT, W VLAR ST 53 B A B A BR A 7
BTG, TR RIRBHE AR EAM ok
JEEETE, JUJeA (AR E BR A T
1.3 AREFRENMTSZFENHERINT
ASEHRINE

WSS FR LTS S5 &5 . B 125 mL
M 5% 50 mL ARG IR AL, Tias (KR
70 mL. I3 TG I SEFIGR 25 %5 B e Wk
20 min, FFHIGIFKNEZS ZIEZS 7 min, 7

4.
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A 0.15 MPa @< 1 min, ZJ5flE%S 4 min EA
Ar 1 min ¥ 4 K, &JGFRA 0.12-0.13 MPa Ar
2 min, T9UZS TR INAS 5L 00 251 BTt i S <l

XFHEA 50 mL AR 125 mL 1M1 52 T
S ABRERWEAEE, A —E RIS
TR ARG, AT AU A B o, i i
EHGAERBH, YAB MRS T4 H R
()i SRRV MR, WIS, IR
A7 LR T A RSN I I R s,
N 5% 1), IR R I A o 5
AT AT ZS S S iR A

T A B 37 B T A3 A0S o SR AR €815
W, {fH ECD Kzl #5 #1 Porapak-Q #1:, Ar 1
WA, PEFED . ECD A 2% A TR EE 4 B R
100, 300, 70 °C, #FA Wi~ 30 mL/min,
FEARFR 1 mL. bRl S A SURFR S B0 1%
AL C R . HAEB A S A AE R &=
MR A (DR,

N=vx0.07/24.5 (1)

x, N ARSI E@mol), v RS,
0.07 5 T2 AR 0.07 L, 24.5 4 25 °C R A,
AR BE IR H B (L/mol) .
1.4 IEF&EPIRDF~HE 2R

;057 i1 SO4™ 1 28 ARG I JFH 285 1~ i,
Dionex IonPac AS19 IC #:, WP M 18 mmol/L
KOH, %} 1 mL/min, #HIZFHET N 45 mA,
®l BEMEESSES5REESHNE
Table 1

FEIR 30°C, 5 S 4-6 us/em, YEFRE 25 ul.

NO, F iR . 2 MERHI 634—2012),
Ve FHERRRZE 2, — e i eyt A TG L

NO; & AU I IR Cawse A7 ki,
$ 100 puL FEFRM S 100 pl FifE 2050 h 2% B 4%
SEBE MRS e oS, I FE AT R
2min, FFAIA 800 pL ARFIFECH 5% 178 A TR
W, IREAET 203 nm AEEEUROEAE

NH, & 5 AR 2 B8 Hood-Nowotny 25 7
AT, RO A 8.5 g KRN, 0.6 g A
AL, 0.063 9 g WAEILERF LN — KL G
BT 50 mL Kokt BAMB: 02g &
SFIRBRANAE T 50 mL £ B F/KkH . 4 100 uL
Rifii 5 100 pL W A% A 100 uL B AW B L
K 1.7 mL K FE5HRA , 2R A T R 30 min
J5, T 660 nm A LB G
1.5 mMBFHEEEFINITERE

e A HL 40 B B9 3 AR B CO, [
ATP FRJE TR LB, DL AERF 4 Py pH -
AN, TR S R SR AL . CO, [BE ik
7 I W W R S 1 e A v B AR Ak, 2 W i
P HABAR R R BN R PR EE AR L, B
A O A B (1) e — L) S T2 AR O, 1Y
TR FETTEAR R R AR 9 B AR 43 T LB,
P AR R SE RN AT 408, BB L 22
AR AR . BRI AR B VP IR B 43, AT f

Measurement of oxygen content in liquid headspace and dissolved oxygen

Oxygen addition ~ Oxygen volume Molar quantity of Dissolved oxygen in ~ Molar quantity of  Total molar

(mL) fraction in oxygen in headspace  liquid (mg/L) oxygen in liquid quantity of oxygen
headspace (%) (x10™* mol) (x10™* mol) (x10™* mol)

0.00 0.092 0.027 1.040 0.016 0.043

0.86 1.067 0314 1.205 0.019 0.333

1.72 2.470 0.726 1.710 0.027 0.753

2.62 3.509 1.031 1.903 0.030 1.061

5.00 7.223 2.123 3.110 0.049 2.172

>4 actamicro@im.ac.cn, 7 010-64807516
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SEHL P2 . ATP R JF 7 BRI 45 . dEHF
PN pH P2 A P 3 ) o 4505 T R b
DR O 57 D B0 1) 5 ST R - 4
TR <+, WM AH'= AH ot AH japyee —
AH jypgpen:~AH 5=0

2T ) A R R R A SR, R
77 A B L AT B A% 3 4 A L B 3R ¢ B
(ubiquinone, Q), T A—&MNE EW 1 I 1f e
Jpfaish . Hrh, BTl E ek 264
I, BEW IV MGV (ATP & ) 11k
TMEHL S PMF & . 40 P R A AR T
(NDH-I fiff)fi:fk NADH 1 Q 2 [a] f) B T & 3
RN TG IR SN 2 MR TSR, 5
LR AR 1BV, TR A n
1y, PR v] DL {E QH, i) NAD 7 A
NADH, Jf{4#E PMF!" 101 JE A= Wy i) &2 A 14
I {4k QH, FIANAE A Z ¢ Z [ F1&is, &
38 2 B T-2oB MY 2H RE R B R4, HL
I QH, Ak th 2 Be ik 20 B BEAN, W B IE
K AR RS MM e s i 21T, DRk
AR R H e o 107 KA 406 & A 12
BRIV RN, RS T Bl gk
ARIZERI R AR TV, HA A4 a2 aas
LA ALBHE IS 1e %) O, ISIEEZ 1HT, JRIHFE
BN THYIE B HOM, e A 5 2 A R TV 1Y
HYe btk 1, BA AR FIHEFEM N 1H P AL
H,0. E &K V (ATP & W) 4 #& PMF & A
ATP, ZHE 51 ATP 4 B2 FoF -ATP &
B . RIFEEY FoF-ATP & &5 4 b, i
JM i Fy &85 E AR BA 3 ML A
T F B BRI AR T Fo iRy, s i F4cs
c WAEHCERAC, T ¢ I 1w B W) Fh A
], A2 H AL C RS f 40 ATP & BN ¢ T
AN 9-15 4, —DLE n A ¢ WHRFE T
WHRERE n D FRF 77 3 A4 ATPI20 R

FI RITBAL S8k 20 T8 AN AL 40 B8 1 ATP A5 i it 2L A
SER AR ARIE , EAN B I ATP A Y ¢
WA R 12, WAL 1 40 ATP 5 5 i
4H" . ARG A A ) T AR I 1 57
B, BT x B AR E L 4 R,y
ML I (s i A% 3, B BRI ), At
B2 CO,, ZIIFEG BN ATP 58 )5 7 IESF4F
G CO, [ AR AR LB . o TR 1 43
T 0, T E 4e, WA | HFIRYTE x/4 53T
0,. Fifl CO, Wi 5 HAR B ik 42 CO, 11k
ST A OC
1.6 EEBFEEAIEFEIERM S E
EE 431
1.6.1 SCIFHFIRAIHIE

A B R 55 5% 35 1 PRI 75 1) 50 mL A4 KR
FRI(W A N2 S, W 0.20 g/L NaHCO;) ',
£ 30 °C. 150 r/min M54 FHEIREEFE, SOB Al
NOB HFRTERMITEAE 80% LA L5 LA 2% $ i
A%, AOB WHRTEIIRYIINAE 50% LA I J5 Lk 4%
N AW

¥ LR (%) SOB 1 NOB /£ 72 L) 3% %
P, M 2 M52 23 S0 150 mL AR E:
FrHEr, AOB (IR FRYILL 6% $Efp i i 2
6 I 15 25 2R 25 S0 50 mL W AR R SR b, 7E
30 °C. 150 r/min A 551 FHEIRYESR, 4 SOB Al
NOB 55 FE A I W) TH FE 80% L) I . AOB ;5
W YITHFE 50% LA E, HFLAE 0.22 pm (R
TR DE B DR A R4S, P 150 mL JCRA AN
HCO; 145 ARG SR 5L A I B4, PRk
B BEAE SR AR, B ZMA L) 25 mL &5
P 45 % ik T A R O B D A, SR S 56
T
1.6.2 BEHREARRE 0,5 HCO; (COy)EER
=L TS FF

i i T AL, TS AR O, Fifi

http://journals.im.ac.cn/actamicrocn
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AR BT RN WA TR, AR
HCO; [ifi%5 CO, M/ AW 4k CO, H &
FEoC . BFhFIE LA 1% MR 2 AR 0, 5
HCO;™ (CO2)EE /Rt H 5] 1) 552 56 21 K A4 4l B 48
FA X BEZH B 97 L (T s a3, BN 0.20 g/L
NaHCOs)H', #5411k 2 MEYEAT. M )a M
Parafilm™3} 1712 AL7E R IT, 30°C. 150 r/min
FEIREE IR o 5 22 I BORE R0 25 6k 45 37 W 1Y) i
VIR B, A L — AN AR AT A
BEURAT I S AN B B A % . RRIs R AR K
BRI, 248 2 A EYEATEE T4
JfL % B E 1 R . ALY RERE R
2 AR TR AR I AR Y AL
1.7 BB S

FIH Origin 2019 #7483t 3 #r, 454
AR R 225007, 24 P<0.05 B, AR
R EES

2 BER5HM

2.1 HMBFHEEEGINITE
21.1 R S & 8 =® Halothiobacillus sp.
DCM-3 B ECEE Gt &

Xt Halothiobacillus sp. DCM-3 {3 K 41 ¢
Vo R B, HRT3E e BT b A A AL T (Sox)
RGH S,0.7 Ak R SO.5, SEHEH Sox R4
SoxXA. SoxYZ. SoxB. Sox(CD),4 #4320 i,
Hor SoxXA & ¢ Bl £ PP % kk AL
S0 TEA LT AT R ¢ (cyt o)fE it ANT
Wi, HARAL S,057 A HLF 1 B L A UL IR
S1 [l S1. &l S2 Fil&l S3 #ids B4R 2 E K ik
Bl 2 8 48 b o0 (http:/nmde. en), Gi 5K
NMDCX0001727]-

JiHh, XX SR bR, HR
W Bl AR 1) 5 AR A, H CO, [l i
RIRCAEI, #AGHE Y T8 RuBisCO, J34hik

>4 actamicro@im.ac.cn, 7 010-64807516

A R B RSEFRE Y . R IR STIRFR 0 6

R AN ()R
CO,+2NADPH+2H +3ATP—(CH,0)+2NADP "+
3ADP+3Pi+H,0 )

X, (CHO0)m M =, nI e 14 F
CO, L Wi 1 4+ F(CH0), 5% 3 4rF ATP fll
2 43F NADPH™Y, 4l % L NADPH Jyif Ji
FIERE CO,, I 7E EAZ A A R A i — 26 20
T R R — RS AW A
(transhydrogenase, TH), JH#E PMF {1k NAD(H)
5 NADP(H) Z ) . ——1 4> F NADH JE i 1
4% F NADPH %5532 1H #E A JENEY, At
A U 20 A F [ B Y NADPH Sk 8 F 78 #E
PMF 1Y% A Wik NADH # 4, i+ n=3)
FIR

x (O WL F3248) +y (CO N HLT-324K) =8
H@WAH+:AH+0ut+AH+ﬂ@quﬁ$E_AH+in:

x (BAKIV, HH1H /e )+x(0.50,+2H" +2¢” —
H,0)+0.5y (NAD"+2¢”+ H"— NADH) +

0.5y (1 CO, T ZHHFERH -y (A K1
FANIH /e \-2y EAEIRL ZEA2H e )~

0.5y (NADP*+NADH + H* , ., — NADPH +
NAD*+H";, -0.75y (ATP/NADPH = 3/2)

4 (BAEY, 5 A4H/ATP)=2x-5.5y=0

3)
AR 1 mol S,05” F k=42 ) 8 mol e 75
A 88/15 mol e t5ih 4 04, 32/15 mol e i [n] 51
T R R e 24 3 4 CO,, RIS il T4 il
te il A 0.733: 0267, R HE i B 45 R
Halothiobacillus sp. DCM-3 %4k 1 mmol/L S,05*
75 1.467 mmol/L O, (B 3.59%)#1 0.533 mmol/L
CO, (HP 1.31%)0 5 3& F e L 0 e L 481 1) 4%
4, HT DCM-3 78 J& R 4L 1 5 F S,057 77
A 10H", W) 8e™ # tb 9l 1% 3% 45 O,, Wl = A
3.967 ATP/S,05>",
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2.1.2 T HEERELSFACLAE Nitrobacter sp. N1
MM ECEE B E
NOB H| H W fiFf & £k %8 1k i& J5t il (nitrite
oxidoreductase, NXR)¥ NO, 8fk "l NO;~, NXR
AR, PTREH NxrA (o). NxrB (B)
FINxrC (y) 3 DI, TIPS A AL
NxrA W37 T Nitrobacter ) 5 )i, NxrC
- MRUMLLR AR o, ATRRME N Aaia
PR R4
XI Nitrobacter winogradskyi Nb-255 ) &
HIFHN LI, ARG nxrd . nxrB 540
M ¢ S NO, /NO; 441z 1K narK 7 [7]—F& [H
b, HED NO, & b= A F A4t 3R ¢
I Gk ANVEIR A LRI ol R Y A2 A AR A
B, H CO, Bl iR RIRSCIEI, EIAMEN 1
A RuBisCO, 73 A AG Y B 42 il 4 235 ) 1) 2 1A
55 RuBisCO J:F LR, XA L NO, =4 it
T E TR B AR MBI S2 B . TR A
FH T NADPH ¥ SR fb =4, 113
XA XA FR .
x (O HHL T 224K+ y (COL N HL T2 1K) =2
MINAH" = AH" it AH " yypgipe=AH e~
AH" \=x (BARIV, £ H1H /e ) +x (0.50, +
2H"+2¢ = H,0)+0.5y (NAD +2¢ +H" —
NADH)+ 0.5y (& CO, 75 ZIHFEHIHT -
2 (BT MINXREAALNO, A TH )~
y EARILFEAIH e -2y (E AL
HA2H /e” )-0.5y (NADP*+ NADH + H" ,, —>
NADPH +NAD* +H";, -0.75y (ATP/NADPH =
312)x 4 (B ARV, £ A4H/ATP)=-2 + 2x-5.5y=0
“4)
A 1 mol NO, E AL = A 1) 2 mol e 7%
H 26/15 mol e f£iH 45 O,, 4/15 mol el [ f£ 1
T RGE S5 T e 851 245 CO,, B HL 74 ic kb
114 0.867:0.133, MRHEIHELER, Nitrobacter sp.

N1 &4t 1 mmol/L NO,” 7 0.433 mmol/L O, (R
1.06%) F1 0.067 mmol/L CO, (Bl 0.164%). 3k
TEALH B LI 4544, 150+ NO ™A
2e FZILBIL LY O, Al 0.433 ATP/NO; .
2.1.3 RENYHE Nitrosomonas sp. SCUT-1
RS ECEE T E

AOB F| ] JIE 25 & (1) 2 0. fin % i (ammonia
monooxygenase, AMO)¥ J& iz HH i NH; %4k R 2
Je . Bl OB B R g AR L i il
(hydroxylamine oxidoreductase, HAO)$ 32 i S 4k
4 NO, {H% 1k NO JE ji NO,™ #Y [ i K B
20, AMO H 2 AL I i R T 2¢,
FEE AL R NOYT A de, Hirh HAO Sk EeMk
PR 3¢ 0 eyt cssq IR A B Y eyt cmssas
i NO Ak B e AB 4 oyt cmssa, 1M
Cyt Cmssy AT Pkt 40 Dt JlE 336 M, 00068 g Ak ™ A 1Y
4e il It eyt cmssy B 20 Q, JFRBEH T 2¢7H
QH, Al % 245 AMO B2 % Nitrosomonas
sp. SCUT-1 1y % & 41 3 45 & Nitrosomonas
europaea WFE APVt M, H CO, & &
1R RIRSCAGIR Ao B AU (R W B 2 54 T
I, 11, IV, V, PURAKE PMFE (255 5 =
fiff . Nitrosomonas sp. SCUT-1 4 & % 1L & NO,~
PR AR AR ULRT S3, A
LIVASNE) /7S
x (02 HLF3244) + (COL A HL T2 ) =2
MINAH "= AH" ou+ AH ™ jypynie=AH " in =
x (AL AR TH /o) +x ARV,
EHIH /e )+x(0.50,+2H" +2¢” — H,0)+
0.5y (NAD" +2¢” + H" — NADH) + 0.5y
(F15E COL T ZMAEIH" y-2y (B A 1AL
FA2H /e 0.5y (NADP*+ NADH + H" ,,, —»
NADPH +NAD"+H";,)-0.75y (ATP/NADPH =
32)x 4 (EAERV, HA4H /ATP)=3x-4.5y=0

(5)
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(BB Bk 1472 T 5 ) NADPH H % SR AL
PR, 1A NHs B4 A 4e I 2¢7id
i Q HFARFIEEE . THREAS Y, HE AT A Y
2 mol e A 1.2 mol e fZih 25 Oy, 0.8 mol e i
) 4% 16 I8 WE I ) B 24 45 CO,, RIS AfLH
F 4 B OEE B A 0.6: 0.4, AR HE T B 45 R
Nitrosomonas sp. SCUT-1 %84t 1 mmol/L NH; 7
0.3 mmol/L O, (Bl 0.735%)#I1 0.2 mmol/L CO, (EJ}
0.49%). #HE TERAHE R &0, mT
SCUT-1 £ J& Ffi% Ak 1 43+ NH3 77/ 3H", W
PRI BE 1) 2e74% LU il A% i 45 O, W] ™A 1.35
ATP/NH;,

2.2 KEEBFEKAIEFIIERMN S E
Et. 51

221 WS & 9 & Halothiobacillus sp.
DCM-3 )£ TR IIE

7E 50 mL WK FR 5L, SSINEY 1 mmol/L
S,0:> i AL S5 7= A R L B 4% 107 mol,
TR O, Fl CO, 73 3T 4 ANHF, NIRRT O,
1 CO, WA 13107 mol. AR FAE He il 143
45, WE AR 0, 5 HCO;™ (COy)EE K i LL 1Al
Grdl, PARCSERRIY O, 5 HCOs™ (CO,)BE /K 1 L
Bl 2 fros, 2 B R R B R
DS YEAR 22 BB R I, S AR 2 4
HEYPFAT R RE R & HE . K sl@

(0.75:0.25)5 Halothiobacillus sp. DCM-3 #J 5% f
e A4E AR

TR FR A, BiE S,0.2 A L™k SO,
FAREFEWNY pH Y BUNEEE TR, (BB
7E 6.0 LU Lo &l 1 iR, S,0:% 577 SO~
AL RO 1:2 (06 Z, HURYIINHEE )
FE A I R R B 5 AR R IE A G
2 A B IR RS W 1 B R 5 RS W 57 B T
i, (HAEYREME AN EANZIEMX,
X5 A AR i R R T O 22000, B A
i A (o i N R T Rl S DO
(Control), O5ZHXHEAFAEREZS, @B
@ T2 AR, RAEHFEIRY AT,
I Y4 O, Fl HCO5™ (CO,) I FE /R 12 e 5] 47 )
THREZFEENEY R R Hd, &I
@DHEYEHRERES TOO®, ik %
6.5x10" CFU/mL, X} B4l 2.2 5, R
FFERYI T, @ 56 O, F1 HCO5™ (COy)
(1% JBE 7% 22t H BT B 7 F) e A8 HL 7 4 T B
B S5 A B 45 2132 B 4 Ak oA R 1 B 1 AR ) o
ME,
2.2.2 T HHEREL S LAE Nitrobacter sp. N1
B4 1 7R 30 IE

7E 50 mL WSS EErh, BRINGY 5 mmol/L
NO, # b5 A B FhE R 5%107 mol, Ty

2 DCM-3E#KISFE LI A 9 4E R B AR SEFRO, S HCO; ™ (CO,)RY EE /R = EL 451

Table 2 The groups of DCM-3 strain culture experiment and the actual molar ratio of O, to HCO;™ (CO,) in

each group
Groups Oxygen addition Average oxygen Average molar Molar quantity of Actual molar ratio of
(mL) volume fraction quantity of oxygen  bicarbonate oxygen to bicarbonate
(%) (x10™* mol) (x10™* mol)

@ (0.15:0.85) 0.36 0.658 0.202+0.002 0.85 0.192:0.808

2 (0.35:0.65) 0.84 1.291 0.395+0.019 0.65 0.378:0.622

@ (0.55:0.45) 1.31 1.732 0.530+0.020 0.45 0.541:0.459

@ (0.75:0.25) 1.92 2.553 0.782+0.021 0.25 0.758:0.242

® (0.95:0.05) 2.60 3.171 0.971+0.035 0.05 0.951:0.049
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A ——( (0.15:0.85) B
125 —e—(2) (0.35:0.65) 25|
= —4—(3) (0.55:0.45) :
o 1.0r —v—@ (0.75:0.25) >
3 —+— 5 (0.95:0.05) = 207 F— ;
g 0.8 —<— Control E s — 32 i/
o 06} g }/ —=—( (0.15:0.85)
u_—“’ L 10k —— (0.35:0.65)
2 04F \ = —4—(3) (0.55:0.45)
2 = —v—@ (0.75:0.25)
£ 02f @ 05r +(0915 0.03)
—<—(Contro
0.0+ v — i 0.0 |
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
t/h t/h
C —=—1(0.15:0.85) D
——(2 (0.35:0.65) 7t
2L —4—(3) (0.55:0.45) %) T
=) —v—@ (0.75:0.25) E 6F 1
E 6} ——®) (0.95:0.05) = T
= AN —<—Control = 5 l
&4 5 Q
& {\} 1, } S 4 *
oo L R S o B
= ! /"/ ! |
E T & /E —n é ’ I f
/ T
£ 2p [ 2 2] :
S a0t B
= S 1H
U O B O 1 1 1 1 1 1
0 50 100 150 200 250 300 & & NN $ @
t/h o7 T T & & §
@. @. @. @. @.
® @ ® ® @

Ell DCM-3E#REEHEFH S0, FISO, TREEN, EMETUMEMERR. A MIHMRE; B: il
feth; C: EYEZ; D: EYERMER,
Figure 1 Changes of thiosulfate and sulfate concentrations, biomass change and biomass accumulation in pure

culture of DCM-3 strain. A: Thiosulfate; B: Sulfate; C: Biomass change; D: Biomass accumulation.

0, fil CO, I i A 1.25x107 mol, ARAEHALLL 02 NMEYTPATH AR ER 2T HE, Hfl
BB L R E AR O, 5 HCO;™ (CO)ER  #i1(3)(0.85:0.15) 5 Nitrobacter sp. N1 (54l L il
I, DACERR O, 5 HCOs™ (COp)fE HRZ AL . 159 SC R W) 4h pH AR 421 h
IR BINER 3 o, 3% 3 R A A ERE TR, N 6.9-7.00

AR LISF R ER2Z B R B, g 4G miE 2 fros, SR RT, B4RV
=3 NIEHKIEF LA E R B ERISEFRO, SHCO; (COy)HYEE/RE L

Table 3 The groups of N1 strain culture experiment and the actual molar ratio of O, to HCO;™ (CO,) in

each group
Groups Oxygen addition ~ Average oxygen Average molar Molar quantity of  Actual molar ratio of
(mL) volume fraction quantity of oxygen bicarbonate oxygen to bicarbonate
(%) (x10™* mol) (x10™* mol)
@D (0.25:0.75) 0.74 1.143 0.327+0.041 0.95 0.256:0.744
@ (0.55:0.45) 1.72 2.832 0.809+0.012 0.55 0.595:0.405
3 (0.85:0.15) 2.57 4.031 1.152+0.013 0.20 0.852:0.148
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FE L7477 HE I R SR 5 AR i A TE A
Koo AR S T e 0 Be Ho A9 BT Y
(EPFIXTREL), A=K Atese 11 5 IRPIHFESE
HEIARSE , TENCMIAETCIG 1Y 48 h INGE AT 0.
MR RAR T Lo e BT RS 1Y = RO
©Q), Wy i KRR E 5 I T 6 52 i B[]
A, o ST T 6  R R IN  E
HAERYHEFETZ i C BT 8 %
Nitrobacter T ¥ 7F 5 mmol/L NO,” 2514 F 4 K
IF, A KA TR T R A L ) A B i A B
A K IGFE 2 — e A, SRTEIZIRY R T
XA PR R . XA AL A R

5075§
55:0.45
—— (085015)

—v— Control

A g

Nitrite (mmol/L)
w

0 L
0100200 300 00 500 600 700 800 900
t/h
C
—a 0.25: 0.753

~ st (o 55:0.45
2 (0.85:0.15)
S —— Control
& 6 -
)
&
% af
B
£ 2f
(=]
S of

0 100 200 300 400 500 600 700 800 900
t/h

E2 NIFEHKAEFANO, FMINO; RETL. £¥=

AW L D: AEYIR AR

D

Tl 200, OO Z LY BAEALE
EER, OOMEY R D ZEIRT@FX
WA, RUEZIRY) FMET, & TR G
ASEAMNTHAYENHE, HILZT, @
XA YRR BAFAEREER, b
#| 7x10° CFU/mL, HH@RFEM HCO; Mk i
ﬁOMmmm,ﬁ%ﬁ?ﬁﬁﬁ%2hmmm
HCO; Wk, (BANfEIA 3 5% B4 AR T A=)
i,%%ﬁﬁﬁﬂcmﬁﬁﬁiﬁﬁoﬁ
5 mmol/L NO, 251}, 1% Nitrobacter itk 7 ¥
R ] T R R COy T sRAR I A K e
EHEAS B B A 53 e LA A

Nitrate (mmol/L)
oW s

5:0.75)
5:0.45)
:0.15)
1k —— Control
0 =
0 100 200 300 400 500 600 700 800 900
t/h
9 _
3 8t
g
] | T
: . s
5 6l |
S st
X T
= 4F =
Q
E 3t
2 Ll
31 ’—I—‘
R R R
‘:’Q('\ 5&‘ S &°
0 5 el d
\\h \\h N\
® @ ©)

TUAMENERR. A: WiHRE:; B: fiffkEh; C:

Figure 2 Changes of nitrite and nitrate concentrations, biomass change and biomass accumulation in pure

culture of N1 strain. A: Nitrite; B: Nitrate; C: Biomass change; D: Biomass accumulation.
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2.2.3 SEYE Nitrosomonas sp. SCUT-1  BUXFHRAUEY b b F KA, WS Wu 058

By £ 1% 7 B0 IE

1 50 mL ARG FREE T, B AN 1 mmol/L
NH, 8 A AL PEA DT AE A FLF-2 8 13107 mol,
JIr# O, Fl CO, Y K24 0.25%107* mol., R 48 fx
P Ee i 25 R % B B AR TR 0, 5 HCOs™ (COy)
FEJR I 4, DLRSERRIY O, 5 HCO;™ (COy)
FEIRw LB AN 4 i, #PE R AER
P LB ER 22 B R B, s
1) 2 DAEYAT R AR P, H b
#1)(0.55:0.45) 5 Nitrosomonas sp. SCUT-1 1) #¢
e LB HAR 45 SR AR I

K 3 FR, EREFEEET, LA
W pH 7E 7.0-7.5 Z[a], x4 pH b 73]
8.0, AT AE T BT IR 2H 2 S Ak F 4t i 14 5 45 1
f SRR, U R A ) A R R
SHFHIITE 600 h JEIHAETEICY, (HAEREFRHTIN
TH A AV B2 IS o i AR e 0T PR st itk A 5
T, TR A, R NH, VR E
YA ERALIE . EIRIEM AT,
Bty EER, ik 6.5x10° CFU/mL, H B
OF fe M B AL NH, W AR LR, ik
1.5x10° CFU/(mL- (mmol/L)). J5 2% 4 bt % Y ,
Q@ HAL NH, e B A= Py i FLR Z [ NFEAE
WEZES, HiKF] 1.3x10° CFU/(mL- (mmol/L))
DL Lo 7E P<0.1 BRI IACH SEER 4 4 507 NH, ik
FEA YR B T A . T AR

] — B FELE O, Al HCOs 70 2 £ T 1B NH,™
W A i LR [1.07%10° CFU/(mL- (mmol/L))] 4
o, ASBFGESE B4 i S NH, W A Yy AR
H 25%-40%. ZEEARERW], $a O, Al COL 1Y
JE R EL A B 42 1% AOB TRARXTIE W&
FIFHARLEE, AT $ i B, NH, ¥R B2 19 2F ) 2 A1
£, SRR AR H B T RN S AR AT
SRIMT, >4 O Fll CO, WA HARET, AT REASFI T
LR FR 0 TR R 2T, L RBAERR AN A
SHUE IR A M 2 0L

3 Wkb&#h

AL RE B F% 41 T 75 5 7K A B vp e B SR
EHARKZE  EYREEAL. X HRE AR E
U, PEURFRMEEECOR . ARFKMT, fLiE
I 57 20 B AR A 77 A 1 L R PRI T
ATP LRI 0L, B4 — 7€ Bl oy e 45
O, Fl COzo ARWEFTEE X AL RE F 5% 20 121 15 55 A 3
FO TRl ,  INZEFFARAE A pH P i AE A
M, THEA 1 T SOB Bk Halothiobacillus
sp. DCM-3, NOB [ Nitrobacter sp. N1 L) J&
AOB Btk Nitrosomonas sp. SCUT-1 S AL N S
Yoyt AL 4y 0, 5 CO, By Sl [
i, MRIEIFALE R, DL bRE A R 40 A A
1 mmol/L MR, X Oy BT RAR T2 YA
SR (21%), T CO, Wi = T2 < CO,

R4 SCUT-1EHRIEFFEH A AR B HMMEFRO, SHCO; (COy)RIE/RE L
Table 4 The groups of SCUT-1 strain culture experiment and the actual molar ratio of O, to HCO5™ (CO,) in

each group
Groups Oxygen addition Average oxygen Average molar Molar quantity of  Actual molar ratio of
(mL) volume fraction quantity of oxygen bicarbonate oxygen to bicarbonate
(%) (x107* mol) (x10™* mol)
@D (0.25:0.75) 0.00 0.125 0.036+0.001 0.19 0.158:0.842
@ (0.55:0.45) 0.16 0.499 0.143+0.026 0.11 0.565:0.435
3 (0.85:0.15) 0.35 0.674 0.193+0.018 0.04 0.828:0.172
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I ——@ (0.25:0.75)
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8.0p // = 1.0r —v—Control
7.5¢ i\ g 0.8+ .
— g El F——
- .ﬁl S
%- 7.0 g 0.6F H \\}/
6.5 —— (D) (0.25:0.75) E 04} % iy
6.0} ——(2) (0.55:0.45) =) AL 1 11
’ ——3 (0.85:0.15) g 02f RR IX Y
3.5k —v— Control < %
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SO5"100 200 300 400 300 600 0 100 200 300 400 500 600
t/h t/h
D
€12 @ 025075 m 1T —— (D (0.25:0.75)
Lol —Z (0.55:0.45) E 6} —e—(2) (0.55:0.45)
_ LOf () (0.85:0.15) =) ——( (0.85:0.15)
Q —— Control 5 or —v—Control
= 08t ﬁ
: 3% e 4t
B et =l
£ o4f H}ﬁ el 2 af )&!
.2 | ry—¥—9—9—% ¥ . = 1F
0.2 é :g\:-i
0.0k 8 0 —¥yv—y—v. v-v
0100 200 300 400 300 600 050 100 150 200 250 300 350 400
B t/h F 2 th
- |
.. B EZ 20
2 7t 1 EE 8¢
E i £E L
@) sl . SE 14 7 I
e . i 2512t |
X 4t ST 10¢f
1! 25 08t
g > X L
2 2r Z = 0
= 2204}
SR SEo2f
ST %) S S § 00— 3 2 N
1 N z J = 4 N N J
5.9 i 55.9 3 %5.9 4 Co‘\xi S 5.9 4 55.9 & %5.9 ; ¢ 006
O L0 L@ o @ o
® ® @) ® ® ©)

E3 SCUT-1E#R4EFApH. NH, FINO, i KET. EMETH., £MEREMBEMNHREEY
FAR. A: pH; B: #ih; C: WiHMREh; D: AWED; E: AWEMRZE; F: PNH WKEAY
HE,

Figure 3 Changes of pH, ammonium and nitrite concentrations, biomass change, biomass accumulation and

v

biomass accumulation per unit NH," concentration in pure culture of SCUT-1 strain. A: pH; B: Ammonium; C:

Nitrite; D: Biomass change; E: Biomass accumulation; F: Biomass accumulation per unit NH," concentration.

WRE(0.04%), B HMERE SR AT RE N Z —J2 MR T FIRdim . maRdm i 1 501/ h
B R P S S A AR b S SRR A TCA R HIE L CO,, BRI ™ 4E
TR . 7ok, BEMEREETRCHE FoRCt 4 4 F ATP. 10 4> F NADH. 2 43 FADH,,
B2, DL EAGRE A SR AN I RE B CR A aTIE Il 26 ATP/# 4k (115 1 73§ NADH
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EAIEI 2 43 F ATP, 1 43T FADH, AALIE K 1
g3 ATP). MHETRIrd01a, i H IR 40w iy
BN I B R BB AR, HRY AL
PR TR T SRR Ty, R B
Yk FE AR AR i LU AR

2918, NOB %5 —Z5 8 Nitrospira Wit
HL B LB 24 0.6:0.4, 2 A Ak B B e
HL, 43 Bic FE 451 SR 0.586:0.414 (BY 0.524:0.476),
TR AR A B 1 (s 4R S E R E R s
Hr0s (http:/nmdc. cn), i : NMDCX0001727],
Hro DL BTHIR S R AT B T R AL BE A SR AL L
A ITEANR AR R 28, Hink Y05 R
By, TEARRYIMEE T, AOA Rl RER I I
AOB M B UEALT, 5 AOA Hl AOB i fr
EHE BT EE RANST . AR 45 R, AOB Al
Nitrospira %} % W) 7% K ¥ K T Nitrobacter, Tfi
AOB 5 Nitrospira (AT . Sliekers ZE5 I HF 5%
W], 76 AOB 5 NOB L5t i, 4k
B Yk 7F 2.3 pmol/L (0.005 6%) B} , AOB,
Nitrospira 1 Nitrobacter 43 5| 2] (Y FL4H B 20 it fif
Y 65%. 15% #1 3%, AOB Fl Nitrospira IRFL i
Lt Nitrobacter Him WA EMT1. HHILZ T, 7
Law SRy o8 b, 534219 AOB M L,
Nitrospira %f O PRI S . HILATAE, 76
—IRAFEA T, (REWRE T AOB F Nitrospira
AT REBON D H TR, BV X SR S A
T, SiHRERYE .

A GEH G 5 0 73 T L 491 1 153 4 SR 4 o
TIHETH RO AR RE B SR AN R IR ORI, X
. 0,9 HCO;™ (COy) MY EE /R L, DI AT
B AR FC e e, L1 mmol/L S,05%
NICHWIN), Halothiobacillus sp. DCM-3 FHc Al 43
e Lo 451 S5 A B T 15 92 B bk 1 s U0 2E 1 AR
2 . SOB W # Halothiobacillus sp. LS2 LA
1 mmol/L BRACELIREL AT, 15 20% KL

T EKRAEY R 1.4x107 CFUML, 7F 5% &
VR BE R BB K AE iRy 1.7x107 CFU/mL, R W
18 M HEGIMIK O, BE /R i A B T4 57% SOB HIAR Y
Y EEGE 20% FHRER 1.2 1%), 545
TR S M A ARBF5Eh, DCM-3 B
PRTE B Mt LU A9 20 00 A 1 R SR X AR 1Y 2.2
fi5, RIS O, 1 CO, FE/R 1 I B AL L
B, XFT4EE 1% SOB WMk A R4
ROR

Ll 5 mmol/L NO, N JiE W) 15 3% Nitrobacter
sp. N1, U1 T et 3 Fe b ] e o 1) i
I, LR TENS AR FE S IS AE T A
gt AfSE ], YRR ERER TR ®EER
DL, AT RE S R I TR AR A O, TR
R AT g, AR A A YRR A
WEPEEeSS , b oRA R Nitrobacter. HENIK
AR T e L L B 465 = (R IR BEXT Nitrobacter 11
ARTEEAIEEH . Q@554 /A1 1
SRR, AT RE S B SRR B E 1Y CO, AN F]
FRBE M P B PHB SEAEZERL N, T AE R Y [ ik
AR P RN, FERIEWRE TR, AR
1% P 1E W B9 Nitrobacter % CO, 1Y 7 3K 8 11K .
Vadivelu ZFP 52, FAAE SR FEAE COL AR
235200 Nitrobacter & £E 5532 W% NO, B 26 FH
K, HIAEmaesCIRes, SARMRMSES
WM. WA 5 mmol/L JE Y W E T,
Nitrobacter fii 7] T8 S SAHXF CO, F7 SKAKIY
A AE R 5 AR B R S L4 BC LU AR Y, 7E
IR T, 4 TR O, f1 CO, BE/R AL,
FIE M EMLLE, ATRBEMERE 0, 5
HCO;™ (COy) &M FARIE I AE Y R R

PL 1 mmol/L NH, "MW % 3% Nitrosomonas
sp. SCUT-1, SEE02H iz BRTE SR SR I0t i A
foEi, (H5 Wu 5T Rl — gk 0 A B
LR (1.6x10° CFUML)A L, ABF5E I AP Y
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R R HIEFEE RN 37%, 1] e A2 2 A BR i 11
F . Mellbye 2RI & B, mm BRI A
Nitrosomonas europaea 1)) RuBisCO # ik i & I
A, T2 T AR R S R Y 37%-66%,
SSRGS 4 ) A R R S HAE P R R
FEARBI RS AMAT . J3 48, HE Nitrosomonas ureae
(55 R 2 rh ke = g B R AR A BRI, [l RaR A2
1 S B B Ol B BT 1Y 1) RuBisCO, X CO, Y
JE TR E R SR AR CO, W IE B DA
AEAPL AL NHS W E A R R, 5 Wu
SOV 5 R — B VRTE O, A HCOy 78 R 5514
7 NH, WA R R AR L, ARWFSE 5200
2B B NH, W2 A= RRUR i 25%-40%
XA RS K R BR i O, A1 CO, B R & LU 1] BR
il T RuBisCO A4 BEE PE, AL R T 2 %
LSy BN R 0 E o LTV [ I N7 =Tl 4= <)
BRRALR . X% AOB B PR e L L 43 i L A5 7
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