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o- (ax-proteobacteria)
(Magnetospirillum),
( , 2007) AMB-1
, AMB-1
: 1.51x10°
cells/ml, 53% (Yang et al,
2001); 100%
(Schiiler et al, 1995; Zhao et al, 2007),
4.24><108 cells/ml ( , 2007)
AMB-1 ,
, AMB-1

1.1
Magnetospirillum sp. AMB-1
(Matsunaga et al, 1991)
(American Type

Culture Collection, ATCC), ATCC700264
1.2
1.0L, Wolfe’s 5.0ml,
Wolfe’s 10.0ml, 0.02mmol,
0.1% 0.45ml, 0.68g, 0.12g,
0.74q, L- 0.05g, 0.2g,
0.1g Wolfe’s Wolfe’s
(Blakemore et al, 1979)
pH 6.7

pH :JENCO 6173
1.3 AMB-1 ODgy

ODsg0o 600nm,
, 3ml
: UNIC WFJ 7200
1.4 AMB-1
ODsg0o AMB-1 50ul(
), , 0.1%
1min, ,
10 :

17422,
: AIR TECH SW-CJ-1BU;
1 0.1g 20ml 95% ; :
25mm, 0.22um; : OLYMPUS
BH-2
1.5 AMB-1Cmag
ODggo Cmag
, 600nm oD ODs0o
ODggo Cmag
Cmag = OD /OD (Schuler et al, 1995)
Cmag
: 1.3
1.6
1.6.1 AMB-1
Lo(3% , AMB-1 ., AMB-1
ODGOO
(125ml ) pH (1

F1 EXABERKTER

Tab.1 Factors and levels in the orthogonal experiments
A B C D

(0.02mmol/L) (%) PH )

1 95 6.5 20
2 75 6.7 25
3 50 6.9 30
1.6.2 SPSS )
) SPSS
AMB-1 AMB-1

1.7 AMB-1 Cmag

, (0.37
) : :
, AMB-1
Cmag 10
1.8 AMB-1
1ml (24 48 72 96 120
144 168 192h) AMB-1 10000r/min
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2min, , , 0.332, R =0.9991
3 200yl SPSS :
10ul 3
F2 EXRBER
Tab.2 Results of the orthogonal experiments
: HITACHI H-7000, . 25—
125KkV, : 1000—600000 A B c b ODusl ODws? ODucd
2.04A 1 1 1 1 1 0.245 0248  0.239
1.9 2 12 2 2 0401 0405  0.409
1.8 3 1 3 3 3 0327 0331 0323
: 4 2 1 2 3 0.322 0333  0.319
2400dpi , 5 2 2 3 1 0270  0.269  0.259
’ 6 2 3 1 2 0.435  0.443  0.439
L) W), LW 7 3 1 3 2 0.331 0350  0.348
AMB-1 , 8 3 2 1 3 0.360  0.368  0.351
(Shape factor) 1(0.75—1  85%), s 3 8 2 1 OM7 04% 04
L W )
3 EXRBEMSNER
Tab.3 Results of the orthogonal experiments
) 95%
(Devouard et al, 1998) ,
Adobe Photoshop CS 8.0 A 1 0.325 0.002 0.321 0.330
8 , 1/8 2 0.343 0.002 0.339 0.348
, ) 3 0.379 0.002 0.375 0.384
( 3 ) (24 48 72 9 B 1 0.304 0.002 0.299 0.308
120 144 168 192h) 2 0.344 0.002 0.339 0.348
10 | 150 3 0.400 0.002 0.396 0.405
C 1 0.348 0.002 0.343 0.352
: BenQ SCANNER 7550T
2 0.388 0.002 0.384 0.393
1.10 3 0.312 0.002 0.308 0.316
' D 1 0.315 0.002 0.310 0.319
(Fbrahim—NeSbat et al, 1990) 2 0.396 0.002 0.391 0.400
5 3 0.337 0.002 0.333 0.342
2.1 AMB-1 3 , A Kn , Kz ,
Lo(39), AMB-1 As( 0.02mmol/L) ,B
, pH B ( 50%), C C,(pH
) , 6.7), D D, (25 )
2 SPSS :
ODsgoo 4
, ODgqo 4 ,A B C D
ODsg0o A;B;C,D.,
(Schiibbe et al, 2003) , ,
) ODs0o 50% ,AMB-1 , Cmag
, y = 2.918x , 75% , ODgoo 0.4 ,
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k4 EXRBFEINER
Tab.4 Results of variance analysis of the orthogonal experiments
df F Sig.
0.113 8 1.414E-02 347.775 0.000
3.293 1 3.293 80970.893 0.000
A 1.350E-02 2 6.750E-03 165.986 0.000
B 4.219E-02 2 2.110E-02 518.779 0.000
C 2.611E-02 2 1.305E-02 320.970 0.000
D 3.134E-02 2 1.567E-02 385.363 0.000
7.320E-04 18 4.067E-05
3.407 27
0.114 26
:R?=0.994
AMB-1 0.02 2.3 AMB-1
mmol/L, 75%,pH 6.7 25 2.3.1 AMB-1
2.2 Cmag AMB-1
,AMB-1  Cmag AMB-1 24h,
AMB-1 , , la); 48h,
, Cmag 10 , .
, Cmag 1.9—2.0 ( 1b); 72h,
AMB-1  ODgq , Cmag 1c);
: , 168h ,
AMB-1 (  1d);
Cmag , 5 192h, ,
( 1e)
%5 AMB-14%K#i%k K% Cmag & 2.3.2
Tab.5 The Growth curve and the Cmag value
(h) ODsoo Cmag
0 0.05 0.00 1.520 0.000 ( 6): AMB-1 24
6 0.054 0.003 1.540 0.005 48 72 96 120 144 168  192h,
12 0.090 0.004 1.590 0.003 10—20nm (27.03%) 50—60nm (28.42%) 50—60nm
20 0.15 0.003 1.760 0.006 (26.53%) 20—30nm (30.23%) 20—30nm (30.25%)
24 0.24 0.01 1.877 0.013 40—50nm (40.71%) 20—30nm (25.40%) 20—30nm
36 0.38 0.003 1.980 0.003 (29.63%) ; 24h
48 0.44 0.01 2.143 0.049 60nm; 48h, 40—50nm
72 0.42 0.01 1.985 0.049 (21.31%); 72h, 40—50nm
96 0.44 0.01 2.047 0.045 (24.49%), ; o6h,
120 0.43 0.01 1.987 0.089 10nm
2.3.3 Cmag
144 0.43 0.01 1.979 0.018
168 0.43 0.01 1.873 0.020
192 0.43 0.01 1.877 0.008 '
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, AMB-1
; , AMB-1
; , AMB-1
) , AMB-1
« 7
AMB-1 (Cmag
)
q B . 234 AMB-1
" (. -1 © AMB-1
v - - 2a),
% 2 . ( 2b),
0.5 um (
£ ( la b o),
' : ( 20
1 AMB-1
Fig.1 Arrangement of magnetosomes in AMB-1 at different cultivating times 3
;b ; C.
;d. ‘e AMB-1
Matsunaga
(Matsunaga et al, 1991)
: AMB-1 ,
' . Cmag
AMB-1 Cmag AMB-1
) AMB-1 , AMB-1 ODgoo
Cmag , AMB-1
, AMB-1 1.166x10° cells/ml Cmag
*6 AREIEFRME#E/NMEX NS
Tab.6 Distributions of magnetosome crystal-size in different cultivating times
") (nm)
0—10 10—20 20—30 30—40 40—50 50—60 60—70 70—80 80—90
24 9.01% 27.03% 23.42% 23.42% 10.81% 6.31% — — —
48 0.55% 9.84% 15.85% 12.57% 21.31% 28.42% 7.10% 4.37% —
72 — — 10.20% 14.29% 24.49% 26.53% 22.45% 2.04% —
96 — 20.93% 30.23% 20.93% 6.98% 12.79% 8.14% — —
120 1.23% 17.28% 30.25% 25.93% 17.90% 3.09% 4.32% — —
144 — 0.88% 11.50% 25.66% 40.71% 18.58% 2.65% — —
168 — 17.46% 25.40% 15.87% 17.46% 12.70% 7.94% 1.59% 1.59%

192 3.24% 17.13% 29.63% 23.61% 12.50% 9.26% 4.63% — —
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Rz 7 WNMERZETILS Cmag B LK , AMB-1
AMBL  (30<10° celisim
(4.2x108 cells/ml) ,
() (nm) (nm) Cmag AMB-1
24 27.87 10—20 1.62
48 43.45 50—60 1.75 , ,
72 50.31 50—60 1.72
% 34.36 2030 L3 Yang (2001) 10L AMB-1
120 30.92 20—30 1.71
144 42.29 40—50 1.68 151x10° cells/ml. 530
168 37.62 20—30 1.65
192 33.12 20—30 1.63 (2007) AMB-1,
4.24x10° cells/ml, 100%
(Cmag 2.3) AMB-1
, (1.166x10° cells/ml),
(95% , Cmag 19—
2.0)
AMB-1 , Matsunaga (1991)
AMB-1 , 24h,
AMB-1
( ) , AMB-1
AMB-1 ,
AMB-1 (Matsunaga
et al, 1991) AMB-1
AMB-1
95%
2 1.717mg/L; 75%
Fig.2 Different separation modes of magnetosomes in dividing 2.227mg/L; 50% 6.065mg/L
AMB-1 cells AMB-1 ’ ’
a. ;b ;
N ‘ , 5%
(
2mg/L, ) ( , 2002),
1.9—2.0 Cmag 1.7 AMB-1 (Cmag 1.9—
(Schibbe et al, 2003), 2.0), AMB-1 (1.166x10°
; , cells/ml)
Cmag , AMB-1 AMB-1 ,  AMB-1
, AMB-1 AMB-1

Matsunaga (1996) AMB-1
, AMB-1 MSR-1, AMB-1
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4 S
: MSR-1 MSR-1 AMB-1
(Scheffel et al, 2006), AMB-1 , MSR-1
( 1b) : ,  AMB-1
AMB-1 , , MSR-1
, , , AMB-1
( 1la b , '
c) AMB-1 , ,
24h, AMB-1 .
(10—20nm),
, (50—60nm) 72h , 72h ,
, AMB-1 :
192h, ,
Devouard  (1998) , AMB-1
AMB-1 , Cmag
40—50nm 48h  72h AMB-1 ,
Devouard (1998) AMB-1
B it AFR R F E A4 AL IR T & 4R W 6 SR A&
AMB-1 o HSeEE . AMB-1 BR800 E 5 k3 4 5
THERMRKFHEZRERFIRAIE T, FEAH
’ Vo E AR A BA S RAEEFRARKN G
MR REALGEREIRTRERSZEHRERL, #
’ L.
, , , , 2007.
, AMB-1 . ,
4(17): 412—417
’ , , , 2007.
' ' . , 34(1): 165—168
, 2002. . O )
32(8): 686—694
, , 1998,
’ AMB.1  2: 24—28
) , , 2001.
: _ , 20(4): 428—432
, , 2004, YSc-1
Scheffel  (2007)  MSR-1  14(5): 44—47
MSR-1 Bazylinski D A, 1999. Synthesis of the bacterial magnetosome:
the making of a magnetic personality. International Micro-
AMB-1 : AMB-1

biology, 2(2): 71—80
Bazylinski D A, Frankel R B, 2004. Magnetosome formation in
prokaryotes. Nature Reviews Microbiology, 2(3): 217—230
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OBSERVATION OF THE ASSEMBLING PROCESS OF MAGNETOSOME AND
OPTIMIZATION OF THE CULTURING CONDITIONS

ZHANG Yu-Hong™?, WU Hong-Qing"* XIAO Tian®

(1. Key Laboratory of Marine Ecology & Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao, 266071; 2. Liaoning Province Key Laboratory of Basin Pollution Control, Liaoning Academy of Environmental Sciences,
Shenyang, 110031; 3. School of Chemical Engineering and Technology, Hebei University of Technology, Tianjin, 300130)

Abstract Orthogonal experimental design was used to optimize growth conditions of magnetosome in Magnetospiril-
lum magneticum AMB-1. Iron resource, volume, pH and temperature were chosen as influencing factors to optimize the
growth condition of M. magneticum AMB-1. The optimal growth conditions were ferric quinine 0.02mmol/L, 75% occupa-
tion of the bioreactor, pH 6.7 and 25 ; and cells were harvested at ODggo 0.44 (cell density, 1.166x10%ells/ml). Cmag

value was used to characterize the magnetite in magnetotactic bacterial cells. M. magneticum AMB-1 cells were collected
by magnet before inoculation. After magnetic enrichment and cultivation for ten generations, Cmag value was stabilized at
1.9—2.0. Magnetosome assembling was observed under Transmission Electron Microscope. Small crystals appeared
after a 24-h cultivation. At 48h, crystals grew larger and assembled into chains along the long axis in subsections. At 72h,
crystals matured and still arranged along the long axis in subsections. At 168h, crystals in liner magnetosome chains were
observed in partly-autolyzed cells. At 192h, magnetic cells were fully autolyzed, and magnetosome chains were released to
culture medium. Two magnetosome separation modes in dividing M. magneticum AMB-1 cells were observed. One was
symmetric separation of magnetosome into daughter cells. The other was asymmetric separation, and only one daughter
cell was the heritor of magnetosome. Part of the non-magnetosome daughter cells could produce magnetosome later, but
part of non-magnetosome daughter cells might never produce magnetosome, even after they divided again.

Key words Magnetotactic bacteria, Magnetosomes, Optimizing culturing, Functional Materials



