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TEM 0.2% , JFEEA N 0.2% ,MgS0, 0.03% , CaCl,
0.01%.

1.2 7%

1.2.1 BAkegan %2 FHAN IR A B BGAH
& (Qiagen, SE[H ) 4RI bR YIM 342 1) DNA, LLEL
DNA gt , #E47 16S tRNA F:[H i PCR §" 1.
PCR ¥ 15 7 Wy 3% g A=) TR A BR 25 ) 47
J7 B0 e T A5 3 (9 L K P 81 5 GenBank £5 48 A2
W T S AT [T LT, & B P51 5 Anoxyba-
cillus rupiensis 1] 16S rRNA JERAAHMLE B T
99.846 % , A M F AR Ho g Ry TG E ZF AT IR B
(Anoxybacillus) , 31 ¥ H 4] 2 4% HoAx 44 S Anoxyba-
cillus sp. YIM 342'%)

1.2.2 B sl & R = (500 mL) 38 8%

Burman 5256 it 45

1.2.4.2 Plackett — Burman S2%:% 3+ FH De-
sign Expert # {4, ] Plackett — Burman 52 %1% i}
T TR AT RN 2 BRI B R B, ASHT S
SRS 7 il b S B R T A PR 2R« T o i
JPRER PR S5 e MgSO, Jit d e | CaCl, Jit i
WRIE BRI ) e i R R pH (EL. HABP R R
FrEE I ENEC N =12 (4 Plackett — Burman
BT, 4 AR &, I T B4Rz, &
HERERS B K W 1, S BT e a5 3 W
2.

%1 Plackett — Burman 3£I8i%i+ 5 5k E

Tab. 1 Factors and levels of Plackett — Burman design

I3 100 mL, LA 5% B4 AP 32505 T 55 °C,200 2 %K
o/ min R 1595 48 b BURBERT 12000 /min {Lm HE IR
250 10 min, |5 W R AR S A /b 12 36
1.2.3 B2 A8 150 wl f3ER IR YR W B pH s s _
JA 100 L BB, 70 °C 24505 BB 30 min, F1JH]
DNS W 6 ORI A 10 MR L U e © IR 1 0
PH 6.0 JREEH 70 C AN | mg ik D pUBREFI /(e - 17D ! 10
JEORE BT 5 Y E  p(3ER)/(g- L) 1 10
1.2.4  £3%+ F o p(%GAkE)/(g- L7 0.10 0.50
1.2.4.1 BRREFLERIT RAHRRERRDL, G p(WiME)/(g- L") 0.25 0.75
& 2 Plackett — Burman i%it R KL ER
Tab. 2 Design and results of Plackett — Burman experimental
. ES P/ (U - mL7)
S T
1 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 36.69 34.42
2 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 24.15 23.40
3 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1 32.65 35.13
4 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 56.62 55.69
5 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1 49.76 51.62
6 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 34.29 31.82
7 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 23.31 25.38
8 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 38.81 39.75
9 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 44.09 44.62
10 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 47.76 45.89
11 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1 45.90 47.05
12 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 53.08 52.33
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1.2.4.3 gl /it # Plackett — Burman 52
Eeas R b A D AR R PR R R [ A
FERRAELRAE R AT — B . B DL R — B 38 B
VEFRT Y 22 TR . LA s 2 - B IO B0 v Xof
PARE YIM 342 7= o — JEH B RE 152 M AR 3 1Y)
PRI - BIE R B i Wk B (X, ) (BE SR A] (X, ) | CaCl,
B (X)), BAEEIS AKF( -a, -1,0,
+1, +a)—3 20 SEEG AN, Hir 14 ASS25G SR 6
ME R AR RRESE OKF L 3, L5kt

FEERIER 4. T A SR BEE 3 I FrEE, U
JITINAS A o — JE R il 7™ il ek P9 - 259 EL 40 DAy W) ), T
F89 3 B (EL. AR 0 22 20 T 051 B 6 S 30 Kt 4 74U
&, AR ik i, H

Y =p, + EBL'X,' + ZBUX? + Z,BUX,:X,', (1)
JEef Y T LA 3By B B il By 43 Ry HE i
—RI R B IR BN BEAF R EGX X, A
CIPNGOIE RS {iSE S

#3 MWAEEZTEZEKE
Tab. 3 Levels and factors of response surface methodology
S - KR
ez - —a -1 0 +1 +a
X, p(EM)/(g- L) 1.59 5.00 10.00 15.00 18.41
X, ff [E]/h 15.82 24.00 36.00 48.00 56.18
X, p(CaClL)/(g- L") 0 0.20 0. 60 1.00 1.27
x4 FUOHEEIWIETRIWER
2 ZHRE5SMH

Tab. 4 Design matrix and experimental results of central

composite design

SIS PR/ (U - mLh)
K
XX X S T
1 +1 +1 - 54.28 52.78
2 0 0 58.13 60.22
3 0 0 61.29 60.22
4 0 0 60.48 60.22
5 0 -a 47.25 48.59
6 -1 -1 +1 41. 81 41.20
7 +1 -1 +1 55.50 54. 60
8 0 0 0 59. 58 60. 22
9 0 0 0 58.78 60. 22
10 0 0 +a 51.29 52.21
11 +a 0 0 55.34 56. 11
12 0 0 -a 49. 61 51. 66
13 -a 0 0 36. 15 38.35
14 +1 -1 -1 54. 54 54. 06
15 -1 -1 -1 45. 36 43. 38
16 -1 +1 -1 46. 27 45.07
17 0 0 0 63.58 60. 22
18 +1 +1 +1 55.75 55.62
19 0 +a 0 49.22 50. 86
20 -1 +1 +1 46. 80 45.18

2.1 Plackett — Burman LR 545 1
PRI 2R ST 6 A A P itk U5 R SR 3 ) A T oy iR
R EER |-, F ] Design Expert 4%} Plack-
ett — Burman SCEG R AT 40 M, A5 R AN 5 .
225, p (HFRAEAS D20 P i ) 0 251, W2k p
{E/NF0.05, BB R X 1% o — TE R Y 7= i e
JEWE I p (/T 0. 01 BEIHIZ R Z X% o
— VER Y P R A R AR, AR S ATLUE
A 2R E (TR B vk B ) J2 R 0 25 09, i
IR ACITE])  F (CaCl, Jif i B2 ) 2 A &R X ™
i B . T3 50, p A K/NRIR T B &R X 7
Jif 5 M ()RR p (BN UE B DR 2R 6 77 il £ 119 5%
M S0 ABR A F I R RO 5y A AR RO 7 il 5 ) B
K, HAR Ay K5 SR 0 (8] Fl CaCl, B9 5T &= 46 B, A4 Ry
PE— AL R 2 T LG pH SRR | R
JHi e MgSO,, 1) Jo £ Vi FEE X 7 il 5 e S Ji 25, e
— LA, TR [R] KT, X 7 il R 5 e AR
AT AT

2.2 FNEEXWIGHTIEERST T ESH
RN 6 Prn. 3R 6 AT o — JE KT il 1Y) 77 il £
EjRG SR A] | VE M 1Y 5T 5 vk B | CaCl, JoT & vk B2 1Y
KR LT AR AR

Y = 60.61 +4.20X, + 1.02X, + 0. 52X, —
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0.59X,X, +0.53X,X, +0.5X,X, —

6.07X; - 4.15X; - 3.1X3, (2)
Ao YV R T « — JER i, [ R R AL
R* = 0.9574,R* 4% )50 0. 919 1, BB (] )5 7
FRILA TR BEARGS, PR AT DA FH 2R3 > 43 B i 1
{H.

R 6 7] LU XA F{E R 24.97 (p =
0.000 1), /R 13X AL ZAR 3519, R B e i
IR T TEZREAEN TR AUA 0.01% By i 28 B R %
RAL R, AR R E(CV) FR LI {5 T 2 1]
AL A L, CV (BRI 02 S 3 {H 5 Tt
EALE FOPRG B B R = , A5 CV 2l 4.19% , R itk

T LI A AR A0 S M 2 L o
. eAh BRI X, X XX 9 p (Y
<0.0001,<0.0001, <0.000 1 F1%F 0.000 3,1
ANT-0. 010, 2538 PR 2 1 g 5 55 1

SRAPII( Lack of Fit) 73 BB 5 9217 (.
REIA R, 8L A K HO B 5 5 S B
R . 5 BTN R 1Y p > 0. 05 , 1] 4 I i 75
FrAR G I AR R 22 7 5 H /N, M 6
I KR [ 5 ALK B 1 p {3 0. 287 9, K T
0. 050, Fh b, 10 2 [ UV KT 7 i 52 e A6 1 F R4
ST, A B Ty R

%5 Plackett — Burman LIiE ISR

Tab.5 Analytic result of Plackett — Burman experimental design

E 3/ 7 A B ¥07 FAH pH 25 E M

FELTR 1245.99 7 178.00 21.49 0.005 1 S
A 112.70 1 112.70 13. 60 0.0210 *
B 23.37 1 23.37 2.82 0.1683
C 23. 87 1 23. 87 2.88 0.164 8
D 11.4 1 11.4 1.38 0.3058
E 959. 63 1 959. 63 115. 84 0. 000 4 S,
F 89. 10 1 89. 10 10. 76 0.0305 *
G 25.91 1 25.91 3.13 0.1517

w o, w ox RILE LR E(CV) =7.09% ;R? =0.974 1 ;944 R* =0.928 8
F6 HFULHEEIWIZITHFESNR
Tab. 6 Analysis of variance (ANOVA) for ceniral composite design

T SFJ5 AN B B ¥y F{E pfa ERBEE

Fe 7 1049.55 9 116. 62 24.97 < 0.000 1 ®
X, 240. 64 1 240. 64 51.53 < 0.000 1 ®
X, 14. 24 1 14.24 3.05 0.1113
X, 3.69 1 3.69 0.79 0.3947

X, X, 2.81 1 2.81 0. 60 0.4559

XX, 2.28 1 2.28 0. 49 0.5009

XX, 2.00 1 2.00 0.43 0.5274
X 531.27 1 531.27 113.75 < 0.000 1 S,
X 247. 90 1 247.90 53.08 < 0.000 1 S,
X 138.77 1 138.77 29.71 0.000 3 % o

B2 46.70 10 4.67

e ) 5 29.66 5 5.93 1.74 0.2789

w AR o ow  WRIE B AMEREB(CV) =4.19% ;R* =0.957 4; P84 R? =0.919 1



494 TR KRR (A ARREERR)

34 g

5 PR R (1) 32 E A X i SO 4L F) 52 0 WL P 1 ~
3, Pt B X)X, Xy R — R R K
P, HAR 2 AR B R R R S BAR AL L
TEN J K, S e (] 5 CaCl, B W B X
— T I S H A B 1 AL P LT LA
IWAETER N 10 o/ L N, Bl I I ] A SEE I, o —
AT A PR B W R, AN TR)AE 36 ~39 hi
B, o - SEAS A 7 AR T 58. 73 U/mL. B3¢
Berpr CaCl, U EL IR BEXT o — JERIEEAY ™ B A 30K
FRSENE. T EL, 00 46 15 57 B rf CaCl, ot 4 ok B2 IR I
AMTFZE T o - JERTEE, AATTE CaCl, 1Y i e
JE790.65 ~0.75 g/L I, 7= Mt B2 w7 , 15 e AL
FeA W AR N ] | CaCl, 5ttt ¢ B2 0F 7 i ek 4 52 i)

62. 000
= 59. 625
o

T T e e A AN
T o e R P oo
e r e e WSt r et Aty
E T g X O A TaT O AN

S 57.250

e
54. 875
o
L 52. 000

Bl1 XBERE.CaCl, RERESFHBENTEE
A
Fig. 1 Interaction between ferment time and CaCl, concen-

tration on amylase yield
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2 053.0 | A
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= 44.0

36.00 10,00 N

o
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24.00 5. 00 Q@gén

B3 EMRERE XBRNESFHENZEER

Fig. 3 Interaction between starch concentration and fer-

ment time on amylase yield

B mET.

I 2 TERFI CaCl, BT iR BEXT o — VEH) 7™ il
eSS H AR 0 IO T PR T 3 S G pn R A T P i) %o
o = JE bR 52 EL A P B W O 1 P AP 2
3 ATLAA MY, LR K B[R] AT CaCl, Jit e B2 3 531 X
TNV JE Ay T v JEE T 7 il B R R A —
SEF A, 7 Al 5 G b JBAE T R B, X AT fiE
VMR I 8 5 2 P BR A D A0 S04 5% [R]
IS B AR HI AT LA Y, 3 A Bt i 9k B2 AE 11 ~
12.5 g/ LN, 7 B B e MR A TN, >4 4 1 et
[6] 4 37.27 h, Y€K CaCl, i Bk 435 o 11,73,
0.65 g/L i, P~ i e i, o 61.43 U/mL.

R e et
e

O T A RN Ao A
4 e ety e TAS P AA LIt
VT II: rire, L7 T H It PPN N
s (O ARSI BESDANRS
o Al LT T L o o P T IS SIS A
s an TRy 2R
Bt AL TE e P

s

et e
Wit ol
m/l////llllll,

B2 E#H.CaCl, REREEFHBENKZEIER
Fig. 2 Interaction between starch and CaCl, concentration

on amylase yield

2.3 [EREBWEIE SIS R R A
523 YOR B BE S I SN o — B i A S0 S
H61.76,63.52,62. 86 U/mL, HF-H{E Jy 62. 71
U/mL 5 H0{E 61. 43 U/mL 4230, 000 A4 i 22
iKEN T 97.92% , LA S B0 Bedt-55 m J7 1f 3 5
TERERAF ROBIZ B AR o — S8 Tl SC P 9 A2 7™ 5
R, G5 FAO A ]

3 W

H T, A R R ST o — VE KD RS
KREZEPTE IR L TR AT 7 1, W S il
POR IR BT A B AR D AR SCHE B R 3R 1 2t |
FIH Plackett — Burman 31 L Kz 0w 7 T 5 %F 1 #k
3B H AR B BE 7 A T T o — TR Y
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B SR AT T AL, IR ARG T e i) R W A1 T
5 11.73 o/1,CaCl, 0. 65 g/L, &[] Jy 37.27 h,
BREE IS ¢/L, MgS0, 0.5 ¢/L itk pH H 6.5, I
JE 55 C TEm AT, o - TER B 13 2] TR
KA, k5 62. 71 U/mL, Bl ik ™ Bt (19. 30
U/mL) #1571 3.25 4.

— R UL, A IR N R AR Z £
FERERE AR ORI I IR 2 73 BRI E] A&
VRS JE T TR AT ST IERN , ARFFETE Plackett

— Burman & P e HC T Hibpg 3 MR E (B FE

ISy S SR R LA R ) RN B, e A T
Beth 2 X At AT WE R A R, 2 D B R
T 5y (FER BT R B | CaCl, Tt ik B ) G %
1] FRATTHED 7 A= 31X — 45 R 1Y 7T Re SR PR 2 < vE #y
VER ) R AIRIE W), ' BAFAE Sl P2 AR AL AR ml g
A B RARGS BRR A4 R S . WS e, T B
() CaCl, A7 B T4EFF o — TER BRI BEIG 52, PR UEH:
AT, NI CaCl, PO 57 Mg BB HH A
TENR B2 5 A0 B A ] B A I Sl ) 7 — i
SRR, A, I 4 F) B 52 5 5 A it 3 ek 1]
FRFHERS AEAR Ak , BCH SR TR X A 7t 20 J R
Ml Ak AT 14 30K 6 A I 3 5 52 30 1Y 1 — 2B IR
DR AT PR TRV B 3 2R AT B La 71
T ey Tl R I 25 PR HEAT T RS, 45 2R R B R
A RO REBE AR R e R R B R, W
CaCl, AR BEXTIZ TR (4™ i B ROR BRI,
AT T R B2 DR S TR R AN [, 5820 = il ) 5
W WA A BA AT E Y SR A RS
B 7GR AR — S5 R A — 1ok [ E
TP Ve RO AL A% PR IO ™ Al 5 3R AT A 328 3
ENV/EES

BTE 2, R A - i R IR 2, BA
2 PR 2R R ISCA 52 10 45 1 IF 5 0 G 7 il o 1) 0 2
ZR i TR BRI TN G R e A A T BAR B
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il Yol SRR S p SO U PN et
SREE MR N A RO AR S, AT 13T T H A T A
HER AR F (7 Bl L0 06 1 5% 2 R4S BIAR R AY
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T R K I ) AR S — e AT — S 22 5 ([
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R o — VERYBERYIE J1) . Aad X U AR T

PR o~ VER R REALBEIO Y KRR T 4 —F
#

SEW -

(1] SRAE BT fR CRAE) [M . JE st B b,
1998.

(2] o, BARAA , i i, 5. TSR ey 3 Ay Pl E AR
KTZARIFTLT]. 95218500t e, 2006 (1) - 24-
26.

[3] DJEKRIF - DAKHMOUCHE S, GHERIBI — AOULMI
Z ,MERAIHI Z et al. Application of a statistical design
to the optimization of culture medium for o — amylase
production by Aspergillus niger ATCC 16404 grown on
orange waste powder[ J]. Food Eng,2006,73(2) :190-
197.

[4] PLACKETT RL,BURMAN ] P. The design of optimum
multifactor experiments[ J |. Biometrika, 1946 ,33 (4) :
305-325.

[5] DEY G,MITRA A,BANERJEE R, et al. Enhanced pro-
duction of amylase by optimization of nutritional constit-
uents using response surface methodology|[ J]. Biochem
Eng,2001,7(3) :227-231.

[6] EHEfR, a5 3E, sKBCH, 4. ma B i Ak Paraco-
niothyrium variabile GHJ —4 7B R BESA [T ].
FH S5 A= Y41k ,2011,17(3) :321-325.

(7] AR, TIENS FNREL, 55, Wi B 1 v 10 A o 241 R T
M PUCREF iR (1], £ Bhe2,2011,32(9)
225-230.

[8] ANNA D,CARSTEN S,ROSSICA M, et al. Anoxybacil-
lus rupiensis sp Nov,a novel thermophilic bacterium iso-
lated from Rupi basin ( Bulgaria) [ J]. Extremophiles,
2007,11(4) .577-583.

[9] MILLER G L. Use of dinitrosalicylic acid reagent for de-
termination of reducing sugar[ J]. Anal Chem,1959,31
(3) :426-428.

[10] WK, B4, SAS BAFAE f A W 3 3% S ARt A
R T]. R Tl 2= BE 4% 4k, 2001,36 (1)
14-17.

[11] BOX G E P,BEHNKEN D W. Some new three level
designs for the study of quantitative variables[ J . Tech-
nometrics,1960,2(4) :455-475.

[12] ADINARAYANA K,ELLAIAH P,SRINIVASULU B, et
al. Response surface method of logical approach to opti-
mize the nutritional parameters for neomyc in produc-
tion by Streptomyces marinensis under solid — state fer-
mentation [ J ]. Process Biochemistry, 2003,38 (11):
1565-1572.



496 TR KRR (A ARREERR) $34 5

[13] USSR, ZRIGEF. o o7 160 V2 R ALV 40 18 Bacillus sp filt R W IR 5T ). PR RS54 ,2010,41(5) < 1
YPO7 JE # i & 0% S 05X [T ). o E AR, 2011 652-1 657.
(2) :64-66. [16]  3RJF, BRI LL, X502, 55, i i 1 ik D0 A6 26 1 g 7

[14] DHANYA G,SWETHA S, MADHAVAN N K, et al. MRS, B imRkaE,2011,32(12) :248-253.
Response surface methodology for the optimization of al- [17] SHZE k&4, T 5, 4. w2 e A A% IR Ve 4 i
pha amylase production by Bacillus amyloliquefaciens REEZAEIFIE[ )] . AR 2008 ,18(4) :83-86.
[J]. Bioresource Technology, 2008,99 (11):4 597- [18] MiEsd, H &, 25 e, 45, mw by 1a] v 4 4k fét g B %
4602, HETE TR ypyO1 VERITE A 6 ERFSE [ 1] th A%

[15] &A%, BRR, XU, 5. A Minitab 05 AT &5 15 TE # i ,2011,27(17) :98-102.

A study on the best condition for thermostable alpha amylase fermented

by response surface methodology by strain Anoxybacillus sp. YIM 342

YANG Xin-yi"?, ZHANG Feng’, REN Wan-zeng’, NIE Guo-xing’, LI Shuai’,
MING Hong*, TANG Shu-kun®, ZHANG Li-li', LI Wen-jun"’
(1. Key Laboratory of Protection and Utilization of Biological Resources in Tarim Basin of

Xinjiang Production & Construction Corps, Tarim University , Alar 843300, China;

2. Key Laboratory of Microbial Diversity in Southwest China, Ministry of Education,
Yunnan Institute of Microbiology, Yunnan University , Kunming 650091 , China;

3. College of Life Sciences,Henan Normal University , Xinxiang 453007 , China) ;

4. Department of Life Sciences and Technology, Xinxiang Medical University , Xinxiang 453003 , China)

Abstract ; The fermentation condition of thermostable alpha amylase by strain Anoxybacillus sp. YIM 342 was
optimized by response surface methodology. Based on the single factor experiment, main factors affecting the en-
zyme activity were screened during the fermentation by Plackett — Burman design,and the optimum values of the
main factors were obtained by central composite design. The results showed that the productivity of the enzyme
was affected by incubation time and concentrations of soluble starch and CaCl,. The optimized conditions were as
follows ; starch,11.73 g/L,CaCl,,0. 65 g/L,incubation time ,37. 27 h,tryptone,5 g/L.,MgSO,,0.5 ¢/L,pH6.5,
rotation speed,200 r/min and temperature ,55 “C. Under these conditions,the amylase activity was 62.71 U/mL,
which was 3.25 times better than before.

Key words ; thermostable alpha amylase ; Plackett — Burman design ;response surface methodology ; liquid fer-
mentation
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Abstract ; Twenty — two physical indices of the heads and faces of 643 Han adults people (334 males and
309 females) were investigated in Qionghai city and Wanning city of Hainan, thirteen physical indices were cal-
culated and the morphological characteristics”changing in the heads and faces was analyzed preliminarily. The re-
sults are as follows ; (D) There are 4 indices having a negative correlation with age , they are interocular breadth , ex-
ternal biocular breadth,lips heights,and thickness of lips. There are also 4 indices having a positive correlation
with age,they are upper lips skin height, physiognomic ear length, physiognomic ear breadth and facial skinfold.
And the index value in different age groups in the presence of height significant difference. 2) The lip index de-
creases by age,the difference of the indices among groups of different ages is significant. The morphological char-
acters of the heads and faces show certain correlation to the changing of the age in Han people of Hainan.

Key words : physical indices;heads;faces;age ; Han people ; Hainan province



