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Establishment of Gel Electrophoresis for the Analysis of
Peroxidases in Photosynthetic Bacteria Based on
Genetic Algorithm
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Abstract: To establish the acid polyacrylamide gel electrophoresis (A-PAGE) analyzing method of peroxi-
dase isoenzymes in photosynthetic bacteria. According to the number and the grey scale of bands, the condi-
tions of the A-PAGE were optimized by the orthogonal design and the genetic algorithm. The results indi-
cated that when the Triton X-100 concentration in the gels was 0.31%, the ultrasonic time was 19 min, the
Triton X-100 concentration in the samples was 0.79%, the clear peroxidase isoenzyme zymograms of
Rhodopseudomonas palustris were obtained, when the Triton X-100 concentration in the gels was 0.27%,
the ultrasonic time was 16 min, the Triton X-100 concentration in the samples was 0.76%, the clear peroxi-
dase isoenzyme zymograms of Rhodobacter sphaeroides were obtained. The paper set up a simple and rapid
method for the analysis of peroxidase isoenzymes in photosynthetic bacteria.

EE&HH: ERAARELETHNo. 30672621); LPEH ARFHES4Y H (No. 2006011099); LTEAFHE BT H (No. 051081);
LU P BE RN 2 1 FE 3 L4 101 H (No. 03200811); 1L 74 BERF A 2224 Q8 5 H (No. 2009146)
*BIIEH: Tel: 86-351-4690143; DX yangguane@yahoo.com.cn
Yeks HER: 2009-11-19; #Z HEF: 2010-01-14 © FERZERMEMARAATIKSHIEST http://journals. im. ac. cn



466 s E R

2010, Vol.37, No.3

Keywords: Photosynthetic bacteria, Peroxidase isoenzymes, Polyacrylamide gel electrophoresis, Genetic

algorithm

1 S AL Yy i (Peroxidases, POD)J {2 43 11 T 44
Y. sh¥). BWEMAEEEY T, B—ARe g
PIBAG AL . AR R TR A R SO Sh A
BR8N R 1) A AR SR . POD DLt AL E L+
ZAK, REMEALIRY K A SR A TN, w5z N T AR
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B H# L E Mi4iE H POD HIBFFEIGE R DU S
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WA R TR RERI A ML T S e A K, fE A
SRR RGP it A e 5 SR, R
gl . B RSV 2 U i & 5 R AT
W, CHH TR . G AR A 0,

AT 0 ik B s SR 4 Jm B 0 ) g A% S0 %
R SR T A S B, ST — B A 4 TE POD 2
P IR VN M T e R Jie R UK A3 B T i, RO R D
POD MG ML T — Rl 71, ot 4l A Ak
A4 POD [k — 58 F i FH 85 T 5Lt

1 AR5 %

1.1 ##
1.1.1 ERAEFRE: LH MR EOIEME L
4 TR i 1) V8 3 214 5 M TR (Rhodopseudomonas  pal-
ustris) . BRIE LA (Rhodobacter sphaeroides), H LI
PORFICEG MBI T . B . PR
KA 2R 1640 mg. BEEEE 1000 mg.
CaCl,2H,0 75 mg. EDTA 20 mg. K,HPO,900 mg.
KH,PO4 600 mg. MgSO47H,0 200 mg. FeSO4 7H,0
11.8 mg. (NH,),S0, 1320 mg. &HILE 1 mL, %
BFKERZE 1L, pH 7.0, 43%ETF 100 mL Ifi 75,
1 x 10° Pa K 25 min,
1.1.2 EZIKFIAMEE: I . H OB I 5
Fie . SIBEREL . HERR . R IWH AMRESCO 24
H]; Tris, TEMED, Triton X-100 JiJ H Sigma 2\ #]; B-
WA . WM . SR R E ™ 2 b gl .
DYY-6C R IKAU A DYCZ-24DN AU 15 A H ik Al
AL S8 ). Y92-IID B 75 i 4 i s iR HL( T
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BB Z YR A F]) . ChemiDoc XRS BER LA 5
4¢(Bio-Rad A Fl).
1.2 XEHEESF

S IG LR 8% 75 S b 0 IR K BT B8,
WA T A 110 (RFRE A diBE T, SEIRIR AR
KR, WEFRIRE 30°C, JEME5RE 2500 Lux, #5583 d
JE AR E A 20 TR P
1.3 JHELYEERE

BOEE N L 5000 r/min 8.0 30 min, Y
LK, PEk 2K, FIKE ET 0.02 mol/L pH 7.0
PR R 27 itk o R P Al B VR A R B AR, BB 1 mL
PRI, SO VRRE 3 RS UK b R R 2
[7](200 W, [EFE 6 s, TAF 5 s). £ 4°C &M F,
14000 t/min .0 15 min, FULHE, 4°C ¥ FIH T
(B, HEHLIK 53 HT HI
1.4 EK
1.4.1 POD # 589 PAGE 95: XHEEH TN
Triton X-100 ) A-PAGE 43 & POD [v] T.Jif, 425K
WS 7%, pH 4.3, WIS 19 Triton X-100; 458
W 3.75%, pH 6.7, W05 7 25 e vh AR W) ok B2 1Y
Triton X-100; AR MR B-NAR-TK LR FR 4,
pH 4.5, ¥ POD B M 40% FEMHA W IR 1:1 (W HE
VR4 J5 I AGE f Triton X-100, F#E, FEFLINEE
25 uL, 4°C WPk, RURHLEN 90 V, FF 5L A4 i
AN B G HIERCN 120 Vo DA B LS R
R, FRUK B W Tk oh B IR T 3 0.5 om B 42 1k
HLJK, HLIKZY 2.5 he
142 FE5RKESRS: R B
i, 50 min J5EEHFIE O, FAKDPSE, PRAF T2
£ BT Kd, K ChemiDoc XRS HEIE 1% R 54k
IE i, L) Total lab 120 B 4RH & 257, TH PR EIR T
s, WE K EAE
1.5 ARt
151 EXRWEARZIT: R HRE o5, vk
HIKE A A 4w POD, WL 1. 7E
= pH &4 T, #4 POD 5% B FhnAEfL(WARIC 1 A1
2), R AWLEE; 5 POD ik A4 I (WAric
3.4 F1'5); 2Ltaei g N R i XF POD Mg A T4
(JLARIE 6. 7. 8 Fl 9); BEHEASTEMWG, 25474080, Fr
PLSER O TRt .
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1 X&HE POD [F TEGH 1 B ik E B i

Fig. 1 The POD isoenzyme zymograms of photosynthetic
bacteria by anionic PAGE

T BRI 7%; JGa M BAEE ) 15 min; A LR
HJE POD; B: BRIZLLANT POD; Al-A4 il B1-B4 £ i th Rk
W0, 0.2%. 0.4%F 0.8%FY Triton X-100.

Note: The separation gel’s concentration: 7%; Ultrasonic time: 15
min; A: POD from R. palustris; B: POD from R. sphaeroides; The
concentrations of Triton X-100 from A1 to A4 and B1 to B4 were 0,
0.2%, 0.4% and 0.8%.

T DR BRI S IR A5 R AT, LA 40T POD
HLVK ORI BRI Ry BECH Triton X-100 195
HH(A) . WA RERE](B) . A4 Triton X-100 A%
I (C), XFix 3 AHEFRH Lio(4°) ISR TS
wit, WERAKEILE 1.

£1 L(OEZRERZEKFEE

Table 1 Factors and levels in orthogonal test

K [ & Factors

Levels A (%) B (min) C (%)
1 0.0 5 0.0
2 0.2 10 0.2
3 0.4 15 0.4
4 0.8 20 0.8

1.5.2 SESFRAE: LLVKGE o B0 RS KR R
LEA TR FE AR o HL Y HC 2 AE Wi R ) 2 S R,
it K AR Bt (0 SR AL . UK 4 100
4% 45 POD [l TR e 20 n 5%, WIBE4 R
#5530 100/n 43, REARBEFHAR5r S = k > (100/n)(FL
k = glgmax, g M IKIE, gmax F Al — 25T K JE
R K)o BAVKIE B S = 3S, B
St = Y [g/gmax * (100/n)]5

1.5.3 HEBIEST AR RTLIRSA R RIS BR
TE 21 40 1 L Tk A 40 R JE iR I 7E aw = 0.10M97KF

=B+ Y B+ Y B2+ Bixy i<j, m KK
i=1 i=1

S
154 BEEZNSEEE: VLR BIKS
I3 S ERIE L1 40 B H UKk AR 43 43 0 B AR R R, SR
e gt EARTEEBEALE, VIWHAME S N = 30,
B MMER 0.9, HLs s iR = 0.01, FHABAEL
100 1, 247 10 W, FHAE 4R POD H Ik e ff:
%M.
1.6 HFERFITFAIE

K SAS9. 1 IEAS IR KicH 17 ge v o A, A
FH Matlab2009a 43 SGALAB T.H4f Beta5008, X
SR HEA T s AR SR SR, B H UK Y e A 5
5 %A .

2 HRES

21 EXRIELER

AU POD [a] TR IE A8 i 5 i3k UL KT 2 A
[ 3., HPELLR AN POD [R] T K 8 ol i &2
Jo7 4, Bl on o= 7, WITKIE B35 S, = Ylg/max
(100/7)]; ERIELLANEE POD [R) 1B Pk Hh B i 2
K4 G, Bon o= 4, MVKE BT S = Yle/gmnx <
(100/4)]. ZEIRAF a5 RILE 2.
2.2 BiRE#ERENE
22,1 AIRBEMEBKSS RS RAFRR
VA 73 3 20 PO P DK A 43 1) kR [ AR,
R F = 2288, P < 0.0001, #ALGE 2, R*= 91.96%,

2 {REBEE POD [F TESER 4 kI IE R X E %
Fig. 2 The POD isoenzyme zymograms of R. palustris by
A-PAGE in orthogonal test

T 1160 fRIE Lio(4)IEZCRHAITIH | HEH 16 HIESHE;
A-G: TR R)WUIE KA 7 % POD [F] T

Note: 1-16: The sixteen tests based on orthogonal test; A—G: Seven
POD isoenzymes bands, R; from slow to fast.
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3 EKELIYHE POD [E TEGES 14 i ik IE it 36 B 1K
Fig. 3 The POD isoenzyme zymograms of R. sphaeroides
by A-PAGE in orthogonal test

T 1-16: KR Lio(4°)IECRMATHIG | HESE 16 HIESTH;
A-D: IEBRRIKIKIG K 4 % POD [A) ..

Note: 1-16: The sixteen tests based on orthogonal test; A—D: Four
POD isoenzymes bands, R from slow to fast.

£2 L) EXRBETRER
Table 2 Design and results of L16(43) orthogonal test

»‘73»‘Xél 1 4 } ﬁ e
o5 A B BIFAMBE BRIBL R

No. (%) (min) (%) MM T R. sghaer—
R. palustris oides
1 0.0 5 0.0 33.92 41.59
2 0.0 10 0.2 37.24 55.30
3 0.0 15 0.4 31.98 60.97
4 0.0 20 0.8 43.21 70.02
5 0.2 5 0.2 43.86 42.08
6 0.2 10 0.0 57.73 55.33
7 0.2 15 0.8 53.05 78.04
8 0.2 20 0.4 56.33 64.80
9 0.4 5 0.4 32.58 61.72
10 0.4 10 0.8 44.80 71.87
11 0.4 15 0.0 55.99 68.13
12 0.4 20 0.2 49.81 74.63
13 0.8 5 0.8 12.87 25.82
14 0.8 10 0.4 15.32 31.92
15 0.8 15 0.2 26.20 30.04
16 0.8 20 0.0 21.23 25.80

RV E AT )55 i DR 26 A e T 20 A1 B AT L Uk A 4
A5 91.96 %, FERIHLARERLTF, 7 MRy
P, =38.7615+93.58209x, —57.91252x, —
136.69026 X7 +33.18466x; +2.05665 X,;
222 IKBAMEEKSSRERRE: BB
1 L K A5 A0 T R R [l AR F = 28.89 P <
0.0001, #EHIE 2 R*= 93.53%, BRIELLANH B IKIS
I3 B 2SS 93.53 % HH ik ARSI 2 3, BRI
WA RO, ST R
P,=21.23305 + 82.38989 x, +3.89565x, +

http://journals.im.ac.cn/wswxtbcn

17.46643 x, — 14328693 x; — 0.11285

23 BEEEZERESMEREH

231 BEEIHRIBLEBBEKRESE: L
ST {1 BA I TR HL UK A5 43 B VR ] DR A Ry H R R
B, RABHERED: 10 WV RS ILE 3, )l
R38R (1 4)rT 0, 50 1 e RGE I B 7 8 AR,
I /NIE R . FHEE R EELE 15 R, AR ETE 61
SrHKE b, R R T BAFIRCR, 10 RS
RERNES L FIEWE 4, 50 FBKF-LEF
56.39, FRifEZE N 2.208, 95% Al {5 X JAKS B8 s 34
S R 2K AR SRR RN, 95 % AT AR X 6] K B 45
RS AR . 2T A POD AR He
VKAAF AT L $E 25 7 %, B Triton X-100 7% &
$90.31 %, EAERHE 19 min, FE5H Triton X-100 &
#N 0.79%, #5353 Ali6%] 61.05,

®3 dBRBREEXRAFHER

Table 3 Random search results of optimization formu-
lations of R. palustris

= B
75 A (%) B (min) C (%) £ (V)
No. Total score

1 0.239370 18.27064 0.793701 58.08956
2 0.314961 19.25989 0.793701 61.04917
3 0.296063 5.036639 0.000000 54.48042
4 0.302362 19.37714 0.692913 57.97305
5 0.245669 19.98534 0.566929 54.63306
6 0.296063 19.86810 0.636220 57.06473
7 0.333858 13.04592 0.018898 54.18678
8 0.403150 6.53151 0.000000 54.26481
9 0.396850 18.88618 0.648819 55.96073
10 0.365354 19.72154 0.598425 56.19873

65
§ — Max
O [ Min
g ————— Mean
&
Gt
[=]
Q
=
[
>
‘5 0
2 :
& 30

25

20 1 1 1 1 ]

0 20 40 60 80 100

Generation

4 L{RBEERKES R KEME 2%

Fig. 4 Effects of target value and generations of R. palustris
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232 BEEERANERRBEAMEBEXRHES: L
BRIE 21 240 T W Pk A5 20 59 W [l AR A Ry H AR ek
5, 10 IRBENLIE RE5 R IR 5, P A iy B ih 4% 4n /&1
5 R, 53 i EcaE I ETE 8 AR, Fe/NE I L P
Y3 W AR 1540, FEATRETE 81 4K |, &
KB T EAFRCR, 10 RN RE5 R HE 52
SR 6, 134 K F-K5] 79.45, bRz h
0.978, 95% Al {7 DX A L far 3 A2 Rl 3R i A8 =
FER/N, 95% AT A5 DX DRG BE 8, 48 R A5 A2 AL
PHARAY . BRIE LT 401 POD Ay e Bt B K 25 14 1T AL 4
2597 %, BV Triton X-100 &8 0.27%, @A
WEHE 16 min, ¥4 Triton X-100 51K 0.76%, 15
43k %) 81.00,
2.4 IGUERIE

Fie e 2.3 15 BRI SR ET TR, TR 3 IR,
% Total lab 120 k% POD [a] T B i K i POD
] T B P, DL 6 AN 7, SR AR LR 7.

TBEFLRAMEE 3 WHIK 155 69.80,
61.05 [ TMME R 22 AR A, SRR R de A 45 14 T LIk S
HIRARR] T — 28R (LB 6 dric H), %R 3
UCP 1353 13,16, #1550 W b P2 5 o BP0 20

x4 NRERMHESERE

Table 4 The mean levels and variability of random
search results

95% CI for mean

Factor xts ————————<% 5 WMin Max
Lower ~ Upper

X1 0.32 £ 0.056 0.28 0.36 0.24 0.40

X2 16.00 £ 5.762  11.88 20.12 5.04 19.99

X3 0.47 £0.332 0.24 0.71 0.0 0.79

Y 56.39£2.208  54.81 57.97 54.19 61.05

x5 HKHAMAERIRAFHER

Table 5 Random search results of optimization formu-
lations of R. sphaeroides

= 24
NTmzer A (%) B (min) € %) Tot‘alml\ﬁore
1 0.277170 19.08403 0.743310 80.25201
2 0.270870 15.88911 0.762210 80.99862
3 0.321260 15.20029 0.629921 78.16129
4 0.170079 19.62628 0.781102 78.63367
5 0.359055 15.55936 0.674016 78.55324
6 0.314961 16.92233 0.674016 79.42115
7 0.327559 19.16463 0.737008 79.88031
8 0.296063 16.59990 0.623622 78.55716
9 0.277165 13.80068 0.800000 80.65068
10 0.377953 18.17538 0.737008 79.34745

90
v 80 i
§ G4 Max
3 70 'il, P Min
By e Mean
= 60 f
o :
o i
= :
g 50
D 5
r%o AN
— 44U
30 1 1 1 1 1
0 20 40 60 80 100

Generation

5 KLAME BIKESRIRRERE %
Fig. 5 Effects of target value and generations of R. sphaer-
oides

B 3 HL K 17154) 81.08, 5 81.00 (TN E AH T
WUESCI g R R, RSN TR AN
POD &R ALALHTIE M, 72 A s8em, miHH
PR MR TG S50 T B8 80 1T — S50
o SEERAE AL WAL SEL BN A5 LT — 2, Kt
FEGTE T RIK AR AL T ikl 1y, S5 R 688,
g,
3 i

FESZIG TR, TR AR USRS ST [E] RTAE (5 Ak U 26 42 a0 200
JUAEAE o POD [R] T A )0 45 Ao 2 ok AR i
Y PER 2 —, SR B A K R8s A AR e
TR 75 U8 T B8 R A R T A R B R T B Al
PR, (HEE SR POD B S8 42,
PR POD {6 ; RS OB AR L, W
RBEDAE, BRI M Ok 25 5 | 15 0 i 2
BB O A B R RFAERET S R RIERR S 3
—, ASSEG PR RE A R [A] — LK 5 o Triton X-100

*k6 RELRNHWESERE

Table 6 The mean levels and variability of random
search results

95% CI for mean

Factor xts —— Min Max
Lower  Upper
X1 0.30 £ 0.058 0.26 0.34 0.17 0.38
X2 17.00 = 1.951 15.61 18.40  13.80 19.63
X3 0.72 £ 0.062 0.67 0.76 0.62 0.80
Y 79.45 +£0.978 78.75 80.15  78.16 81.00
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6 MALRKFHTRELMHREME POD [ LEFE L
Fig. 6 The POD isoenzyme zymograms of R. palustris by the optimized electrophoresis conditions
TE: BEBEH Triton X-100 %44 0.31%, WAABEERE Y 19 min, #£ & H Triton X-100 {44 0.79%; A: POD [F) T.H§HGHE; B: kil 2 19

POD [f] A #9114 A-G: LA A (ROMKUKIE A 8 4% POD [ 1.
Note: The gel’s Triton X-100 concentration: 0.31%; Ultrasonic time: 19 min; The sample’s Triton X-100 concentration: 0.79%; A: The POD
isoenzyme zymograms; B: Lane 2’s densitometric analysis of POD with Total lab120 Image software; A—G: Eight POD isoenzymes bands, R

from slow to fast.

B 7 RURXFHETHRELE POD [ LEEL
Fig. 7 The POD isoenzyme zymograms of R. sphaeroides by the optimized electrophoresis conditions
TE: BEIEEHP Triton X-100 %52 0.27%, BKBERERT ]S 16 min, B4 Triton X-100 &4 0.76%; A: POD [A] ARG B: Jkif 2 (1

POD [f] A #4941 140 A-D: LA A (ROMKUCIE A 4 4 POD [ 1.
Note: The gel’s Triton X-100 concentration: 0.27%; Ultrasonic time: 16 min; The sample’s Triton X-100 concentration: 0.76%; A: The POD
isoenzyme zymograms; B: Lane 2’s densitometric analysis of POD with Total lab120 Image software; A—D: Four POD isoenzymes bands, R

from slow to fast.

Je— Bl AR - R SRATE PESR), AS & A Triton
X-100 A7 Byl A 3 AT HL DR R PP Y 20

SR DR IO M B 2 P K i RAT 7 By | T
P EEML LA, T2 T EA A

x71 BEEEHAUER

Table 7 Optimization results using genetic algorithm

BRIE 4141 1%

R. sphaeroides

bEREFAN LYok}
R. palustris

(e 61.05 LG
Calelate alifl, SIRERNR A BRIl 2 DR e
igﬁf 67.04 7392 68.43 78.06 80.76 84.43 J&: POD 3 #r i) T B, B8 s EAL YR 55
S 69,50 10s pH 24 P AERS 2655 &Y. A-PAGE i T4 &

Mean L SN A E ] = D M 0 1 I ) TR U A e

http://journals.im.ac.cn/wswxtbcn

© FERZERMEMARAATIKSHIEST http://journals. im. ac. cn



MRLLAEAE ST B AR SR A A T S A Pl L Dk AT i B ST 471

VKIETCIEA 05 B FE b, Acid—Urea—Triton HL K
£ A-PAGE (3Lt b fin A Triton X-100 Fl1/R &,
Triton X-100 S5 AL E, A RIFEE 3G K4+
JoTEE, fREABLER 15T K B R R T A B, K
KARFE T A-PAGE W5, (HIRFE S HHE AR
ASPE, JCE T TR R EE G 3T o ARG X A B el
7187 LABGH, A-PAGE B9 Al 50 Triton X-100,
REMIRZE, PR UF BT A [R] B $2 085 T H Uk o3 R,
St AT POD HIRF XS T — R 80 43 Hr ik o

WAL TR ST A RGBT 35t 15 LB 1 Bl
MUOLAR S, EHFEAIE SR &R/ I, B
A REBCER . R e 2 R R
PR AL SR U™, — Pl i 2 N R 2Kl K
i &, e M HFEGAE . Tk
Akl . B g A AR YRl R R 2 PR T
SRS T, R WA AR T S F UK I A A AR
B IRV ZuE A A r S R M RN
75 T e M P DK 3238 FH T A AR POD 140 #r, 76
Pk 45 140 T 45 21 0 2 1 v vk 3 B 2 e P Ak T
BT | 457 A B T4y, A BT I, A AR s A S
B AN B o 35t 1% 500 o F UK SR DL AR B2 418 T
M, AR TR AN A

Bigt: AR LBERARFAME S ST A
MEFREREBERZARBLE., L85, KAEEF
B B, bR T A
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