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Abstract: [Objective] To clarify the promotion effects of different organic compounds on the
formation of magnetosomes in Acidithiobacillus ferrooxidans BYM, so as to provide a new
idea for safely and effectively improving the magnetosome yield. [Methods] Single-factor
experiments were conducted to measure the effects of ten organic compounds on the ferrous
oxidation of A. ferrooxidans BYM, and the organic compounds promoting the synthesis of
magnetosomes were further screened by a 4 L fermentation system. The classical kinetic
models (Logistic, Luedeking-Piret, and substrate consumption kinetic equations) were
employed to build the kinetic models for the growth, magnetosome synthesis, and ferrous
consumption of A. ferrooxidans BYM by batch fermentation experiments. [Results] The
maximum magnetosome yield (2.00x107° g/L) was achieved with the addition of 10 mmol/L
gluconic acid, in the presence of which the bacterial cells were oval and had a smooth surface.
With the addition of gluconic acid, the fermentation kinetics of A. ferrooxidans BYM was in
accordance with Logistic, Luedeking-Piret, and substrate consumption kinetic equations.
[Conclusion] The addition of 10 mmol/L gluconic acid increases the magnetosome yield of A.
ferrooxidans BYM by eight times. Gluconic acid changes the cell morphology and surface of A.
ferrooxidans BYM. The kinetics models of cell growth, product formation, and substrate
consumption can illustrate the batch fermentation of A. ferrooxidans BYM in the presence of
gluconic acid.

Keywords: Acidithiobacillus ferrooxidans, magnetosome; gluconic acid; fermentation kinetics;
ferrous oxidation
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B, BRoGE DGR E R ALY R RETRNY, B
SR B A W 5T i Ak B DR ER ORI e 0 T O g R
A ferrooxidans y” i M R RESR A T T 00K, 7
KA T BFERR, A 0012 mg/(L-h), {HAE
TN R W RE/IMAT= 2. 0.036-0.154 mg/(L-h),
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pH 2.0 fHi HoSO, WV , T2 M 3R 2 i R C
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=1 AEBVIRERFMKE
Table 1

Different organic compounds and their added concentrations

Organic compounds Concentration groups

1 2 3 4 5
Citric acid (mmol/L) 0.0 5.0 30.0 60.0 120.0
Tartaric acid (mmol/L) 0.0 5.0 20.0 40.0 50.0
L-ascorbic acid (mmol/L) 0.0 2.0 6.0 8.0 10.0
Malic acid (mmol/L) 0.0 5.0 10.0 20.0 30.0
Glycine (mmol/L) 0.0 5.0 10.0 20.0 30.0
Gluconic acid (mmol/L) 0.0 5.0 20.0 30.0 40.0
Tween 80 (mmol/L) 0.0 0.1 0.5 4.0 8.0
TritonX-100 (mmol/L) 0.0 5.0 10.0 30.0 40.0
SDS (mmol/L) 0.0 1.0 5.0 10.0 20.0
EDTA-2Na (mmol/L) 0.0 2.0 4.0 6.0 10.0

1.5 A [E A4 5 Acidithiobacillus
ferrooxidans BYM % /MK & AR HI 520

SR PR AR 7 5K, 8 RIS B
TS BRI T/ MASR B, KR 2 0.5 g iR
B AT 20 mL Tris-HC ZE v, Hodb 4o 45
DNA Jif 50 ng/mL, RNA fiff 100 pg/mL, MgCl,
5 mmol/L, 1% (FTiERR 80 wNE, <A
TEESRLAL Y 0.1 mmol/L, 37 °C/KIA 1 h, SRIGTE
VKI5, 382.5 W DR S [ B0 FE 1 h
(817 3's, [MIBK 5 s)o Killrs Jo AL R AF-
JICBEpR, B T RES: S B F#FE 1 ho A 10 mmol/L
A-F2 VR VR TR (pH. 7.4) 5% Mg S S Rk 28
BETE LRI 1) B /N A SR LA 2 o3 g b WO A 11
5 o FFUERAT B R/ IMARR R, A AR BER 7K
F 4 CIRAF P,
1.6 EZEFEREXT Acidithiobacillus ferrooxidans
BYM & K 5#i/ME & B HYF N

PL 10% (IRFL B0 W3R, K s A e b 2
A 10 mmol/L F AR 4 L B B Ay 9K W14
BRI ep TR R L PR 1.3 TR i s R
BONM AR, FREIRE, DR HEREERRT A
ferrooxidans BYM A= 1 520 o il Je 5 e A5 31
(AT IR 1.5 BT (4 T A T/ IMAER B, IF
FREE, DIRITH %IRRT A, ferrooxidans BYM
fl/IMAG B R
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AR A T 25 1 T WS B TR AA 3 SR W R 4, 4
I TR 5 0 280 W IR 0 2 T 1) R VRO N /)
B R o IO AR 2.5% (AR50
& EEERE 12 h, 4 pH 7.4 0.1 mmol/L f*) PBS
BEUER R, TEMGEIR 4 °C. 10 000 r/min .0
5min, EE 4 W5, AERPE 30%. 50%.
70%.90%7F1 100%] ZWE53 S A T AL BE, 1 4 °C |
10 000 r/min .0 5 min, B A5 E T IK S
fiErp, SR FHF4 HEL % (scanning electron microscope,
SEM) tr m AR IAIE R, RATESE 7 B
(transmission electron microscope, TEM)WL%Z43
P/ IMARCRE 3 AT 0 AR T A Tl
AR e 21 b % G (Fourier transform infrared
spectrometer, FTIR)I, 47 A% 1H B fE
FRAIE
1.7 H#EHEEKRFALET Acdithiobacillus
ferrooxidans BYM & B HZF 5

HAfE E B A9 5C T A. ferrooxidans i A4 ¥ 4=
Koo IRPIIHHE LA A i sh Sy Ao 2T | ik
FEEM B 127 S A, ferrooxidans BYM
AR | BRI FE L SR/ MALE I L o B
W2 WA B 24 36, 42, 48, 54, 60, 66,
72 h JEAT 4 LARREEFR . T 00 I ) 45 7Rk ek
FTEE SRR A, ME R SRR A Feo i .
iAW AR, JEHI AR A e | e b
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R . 2SR DL K A 2 BE IR i WS e AR oE A
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BT A%, 2 mmol/L L-Hi Ik M BR A hn2H 5
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FRBMAVLA, FH 2 mmol/L L-Prik MR
5 5 mmol/L 3R XF A ferrooxidans BYM W.4%
AL R A IEER . & HARRE 10)
Ve JBE AR, JELIY R AR A R S B TS R R
Fy#a%, 5 mmol/L A1 20 mmol/L % FEER A8 I
LR IAT =R AT S TR =i o SN ISR IR 7/E
ZB 5 mmol/L #1 20 mmol/L 54 BERE Xt A.
ferrooxidans BYM P2k (L sR AL IHE
Her, 2. 8. 10 mmol/L #Y L-dR M FR A N AH
BT ARAINA WL AN B 3 22 57 (P<0.01),
5. 10, 20, 30 mmol/L KRB N ARE: T
AU A WL ALAF AR B 2 22 5(P<0.01), 5.
20, 30. 40 mmol/L F# % W U AL AR TR
SN P A AR S 3 25 R(P<0.01),

W 2 fes , WA R BEAT IR I A TR
TritonX-100, HtE-80 F1 SDS, BfidE AT WL Mk
H I, A, ferrooxidans BYM 3V 4 48 4k, i 2% 449
R TGS FrERBMANE 24). WA
FRASINZH( 2B). TritonX-100 ZSANZH (& 2C)F1
SDS WA (E] 2BEWHES T RIS IA DU A A
W B & 22 5(P<0.01), 0.5, 4. 8 mmol/L itjf-80
IINZL(E 2DYHEEF AR BSINA MU A IAAAER
F2EF(P<0.01). BIIFFER AR | TritonX-100
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Ferrous ions oxidation rate (x10-

1 AEEREARREN S FABVELX Acidithiobacillus ferrooxidans BYM TP Sk S LR ZE &M A L-Hidk

MAR. B: SRR C: #AEMR. ** £ P<0.01
Figure 1

Effect of different concentrations of different small molecular organic acids on the ferrous oxidation

rate of Acidithiobacillus ferrooxidans BYM. A: L-ascorbic acid. B: Malic acid. C: Gluconic acid.** represents

significant differences of P<0.01.

WKl 2 Fos, M4 H 2B EDTA-2Na i
BRI, A H 2R R 3G, H A S Lk
REWE FIHE TREABE(E 2F). B
EDTA-2Na ¥, HO 2k A A0 3 36 L B PR IR AR
JEH TR RS ((E 26). HRERB A S
EDTA-2Na ¥ fiHA AR TR i A ML 4 1417
PN B 22 5(P<0.01), HBEHEH, FiRATHL
VI I 253 A. ferrooxidans BYM 1437 4%
A fLRg

ZEErR, PR IR A 2 mmol/L | 3
IR N 5 mmol/L . #ZBER A 5 mmol/L F
20 mmol/L Bt Y2t #F A. ferrooxidans BYM [ .
BAAAHESE, Al ik E] 1.55%107°, 1.70x107°,
1.42x10°° 1 1.47x10°° mol/h, #RT, At A HLY
RIS %t A, ferrooxidans BYM W8k E 4k 4
MIFEA . R, B8 L-PURmeR . SERRM
HIE R T T — 258

Shy itk — A i e R /MA G B AR 7 3
L-HL3RMAR((0. 0.5, 1.0, 1.5, 2.0 mmol/L), 3¢
RERO. 0.5, 1.0, 3.0, 5.0 mmol/L)HIHZ Bz
(0. 5. 10, 15, 20 mmol/L)FEATik5:, LI A
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ferrooxidans BYM i 31 % B00] 49 WV 42k S A ki %
AP 2 RN /A = SV R T AR TE (BT 3)

WK 3 fin, 1.0 mmol/L L-4idh MAR* A,
ferrooxidans BYM [ {4 A= < P42 1 F e f 2
(K1 3A), HARE LHEZAT K 2.17x107° mol/h.
1.0 mmol/L HJSEHE X} A. ferrooxidans BYM
PR AR AR A PR e B S, S0 Ak AR A o s T
L-PUR AR , 7] 3k 2.40x10°° mol/h (K 3B)., %
BERRMC /7 20 mmol/L B}, X} A. ferrooxidans
BYM B KR AR e, g4 1L
BRI, Ak 2.42x107° mol/h (] 3C). 0.5,
1.0.1.5 mmol/L L-HLIR I R 8 AL AR T AR s
AL BN 25 25 5:(P<0.01), 0.5 mmol/L
1 1.0 mmol/L SR FRES ML AN E T RIS A HL
Wy 20 389 47 7% B 2 22 5 (P<0.01), 10, 15,
20 mmol/L i %5 B R VS N 4L AR 38 T AR US A #HL
YL B FEAER i 2 22 5:(P<0.01),
2.1.2 BEAEEKAELE

WE 4 Fros, L-PUIR LR LA 1.5 mmol/L &3
i, LR AR EE = AR INAL, vTEk 0.160 g/L (&
4A), BT ARSI AN 2% 25 57(P<0.01),
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B2 AFREKEREBHIXT Acidithiobacillus ferrooxidans BYM TS LIRZE &M A: IR B:
WAMR. C: TritonX-100. D: ii-80. E: SDS. F: H4#. G: EDTA-2Na. **% /5 P<0.01

Figure 2 Effect of different concentrations of different organic substance on the ferrous oxidation rate of
Acidithiobacillus ferrooxidans BYM. A: Citric acid. B: Tartaric acid. C: TritonX-100. D: Tween 80. E:
SDS. F: Glycine. G: EDTA-2Na. ** represents significant differences of P<0.01.
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Figure 3 Effect of different organic acids on the ferrous oxidation rate of Acidithiobacillus ferrooxidans
BYM. A: L-ascorbic acid. B: Malic acid. C: Gluconic acid. ** represents significant differences of P<0.01.
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P<0.01, * represents significant differences of P<0.05.
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6 Acidithiobacillus ferrooxidans BYM FI3 s IREI R IESTEERE A 500 nm Fr R T B9 4 BEIR

AR AR EFEE. B: 500 nm A3 T AT IR EE . C: 500 nm B R (14975 285 bl R Ab PR A 75 5
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Figure 6 The SEM and BYM of Acidithiobacillus ferrooxidans BYM. A: Gluconic acid-treated group at 500
nm scale. B: Control group at 500 nm scale and the TEM. C: Gluconic acid-treated group at 500 nm scale. D:
Control group at 500 nm scale of Acidithiobacillus ferrooxidans BYM. The arrow pointed to the black

magnetosome particles.
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Figure 7 FTIR of Acidithiobacillus ferrooxidans
BYM with and without gluconic acid treatment.
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