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Abstract: The compositions of fatty acids of two main y—linolenic
acid produced straing, which were chosen from
domestic and foreign respectively, were anafyzed by
Gas Chromatography - Mass Spectrography ( GC -
MS3). It was found that there were some differences
between two strains, meanwhile, A6 -and AT12 -
desaturases played the important roles in restraining
the high vield of GLA Combined with physiological
characteristic of strains, it was found that Mortierelia
ramanmiana was rmuch more fit for industrial
productian.
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VR Bk B ( Mortierella isableflina ) AS3.3410
WFe R ERMEYHRE:; B HERE
{ Mortiereila reamonniara ) NRRCRI187 WF B XL 4y
AR AT o B b AR P L~ T R B -
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SR M By el

BFAHRFE  fE Statorious 257 ; JEHE R R
0 LRI IS8 A PR 4L F); HPS890/HPSS73 A 4
il — i B A
1.2 B RES
121 SMEigaer HP-FFAP R M A%
{30m x0.25mm x 0254} , FITAAL IR 150°C , {4 & o [{]
2min, B 5C/min # T 225 AR 15min; BERAH
£ He; #ERTE N 88.25kPa; TR L 1.0mL/ min ; 3§
CTREE 250°C s BERE R 1l A3 F B 10:1,
122 Bit&#E BTHEY I EFHREEF
230°C ; AR FFIB B 150°C i THE R 70eV; R ST H
34.6u A EH AR E )T 12824V OB A 280C . W)
JESR 2.5min; BT E 33~400u0,
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M. ramanniana $ T B EFEE (/L) B8
200, B EW 40,5 70,3705 200, pH ALK, &
FEIESE R (p/L) - R EHE 1000 K 04, B S B
04 ,(NH),S0, 20, fF# 20, KH,PQ, 1.5, K,HPO, 3H,0
4.0, M50, TH,0 40, NaAC 3.0,NaCl 20, M BT F K
ImL, #FF#E X% 10° 7 F/mL, 35 7 £ 20% ,28C,
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R By A2 i 45 B o4 {4 F TS AL 6 T BB { Linoleic acid,
LA) , JPMER AT LATE A 1S5 - g i Bt B3 S0 B HE AL T T )G
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polyunsaturated fatty acids, LC-PUFAs),

1L M- R
[Cu 1 [CW £ 6]
(EDA)
A12
desaturase °t
Wb A\Sdelmna.l: v TR elonga&e Z ¥ v -TERRAR
(Cu: o] (€. 6] [Cie-6])
e, (LA (DGLA)
I&samme A 17 desaturase ‘
A6 desaturase
o WinAR WsgiisHN _TET | Ross i+
3] AU B
‘“w [C,.0e3] Gy, 3]
%”e (STA) / (ETA)
o
Ki-8.11,14,-=
TR =R
[Cm:x!“"3]

(ETrA)

H3 a2 Famielsatisine
4% 1 #1E 2, M. ramanniana 1 M. ramanniana
TIEWERAM R B AHE L HE —ENZEN.BES
EH M ramanniena P GLA MW EBHEE®
M. ramanniana %, REWBREFRKEPHS SH 2
7 HARR S BRUBE , 5750k 47.58% F143.30% , i
F IR a8, o] RLE I A 12 - BE B e AR 4 B8 Y oot ot
REREEFTUTHER(LAYNSBUENF T —#
GLA BB, MREHRHT EDA(C,,,«6) B GLA
BEHBEA IR EK . WHEEMNENEE
F M. ramanniana 35 ALA P= 4, [T M. remanniena
WA AR A B A ALA B8 (0.05% ), 53X U3 HA wi % 1
n-3 R RS RE R RE. ARBHERELHF,

M LA B GLA ¢y H M TFFFATERE L2 8 BEB 5
BN, WABEMIEERAHET SEEERE,
M. ramanniane T BB GLA AIGES1, A6-FIA12-f%

R R RS TR S PO BR IR = 7= GLA MCETE.
222 MEAE4LBISENAEIESY M ramanniana
BT W R E R (31.20g/L), B IR & RN
(40.35% ) ,GLA TEMPE A2 B EHK(2.03% ) ;

(zooramizn 105



J@&-ﬁ@}&

Science and Technology of Food Industry FE 'ﬁ' 5 ﬂ 21.
£ FEEEREEL RS
o PREETE 4T HATE R .
FE T m) BAK RIS aan) MRE
1 4.029 200 + 5% ( Dodecanoic acid) 0.15 93
2 6.400 228 I wAf , B 5 %5 Ed ( Tridecanoic acid) 282 95
3 7.837 242 —+F 4 8 ( Pentadecanoic acid) 007 96
4 9.438 256 + 75 kel , $5AE AR  Hexadecanoic acid) 28.00 98
5 9.705 254 W=7+ AR ( ( Z)-7-Hexadecenoie acid) 0.10 93
6 9.812 254 Ii-9—}-7 45 A8 ( { Z )9~ Hexadecenoic acid ) 3.32 99
7 11.348 268 2-DE- SRR -T8 ((Z)-2-hexyl-Cyelopropaneoctanoic acid) 0.08 96
3 12.618 284 FERERE ( Octadecanoic acid) 6.64 9%
9 13001 282 W-9—+ A\ BrHs i, R ( ( Z)-9-Octadecenoic acid) 47.88 95
10 13053 282 B -9-+ABK L, B & ( (E}9-Octadecenoic acid) 1.61 94
11 13457 280 I, i -6-9~+ Adte — MR ( (Z,2)-6,9-Octadecadienoic acid} 0.52 95
12 13672 280 A, -9-12—F AB SR, TihBE ((Z,2)-9,12-Octadecadiencic acid, LA, wh)  5.65 97
2IME-6,9,12- T AR, v- LR 92
13 14158 278 { (all-E)»6,9,12-0ctadecatrienoic acid, GLA ,06) 203
14 15751 312 =418 ( Eicosanoic acid) 0.21 99
15 16.061 310 11~ -f##% 8 ( 11— Ficosenoic acid) 0.31 99
16 20415 340 Z iR, L B R ( Dodecancic acid) 0.11 95
ERABERER-2,6,10,15,19,23- A §4-2,6,10,14,18,22- —+ JUEAH
17 24375 356 EY2.6.10,15,19,23- hexamethyl- ,2,6,10,14,18, 22 ~Tetracosshexaene) ) 0
18 24538 366 15— =+ g4 B ( 15-Tetracosenoic acid) 0.31 91
2 HEEMERELERERESNER
' g A F 5
e (min) B HAaHRR AR(T) HXE
1 4.041 200 + i & Dodecanoic acid) 0.14 9%
2 6412 228 + b8, P & 2B ( Tridecanoic acid) 2.25 9%
3 7.854 242 +F 4528 ( Pentadecancic acid) 0.03 91
4 9438 256 F7 RS, 4EHE A8 ( Hexadecanoic acid) 25.60 03
3 9.717 254 J-7 - 755 B ( (Z)-9-Hexadecenoic acid) 0.14 92
6 9.829 254 M-0— B ( (Z-9- Hexadecenoic acid) 6.26 99
7 11.361 268 2- 8 H- IR - 3 ¥ ( 2- hexyl-Cyclopropaneoctanoic acid) 0.06 93
8 12.622 284 EAERE ( Octadecancic acid) 2.65 99
9 12.992 282 W9 - AR K8, H K8 ( { E)-9-Octadecenocic acid) 4330 9
10 13.065 282 -9~ AR ER , Bt 2 ( ( E)-9-Octadecenoic acid) 435 9
11 13466 280 I, M-T7- 10~ A% 4588 (7, 10- Octadecadiencic acid) 0.86 97
12 13,685 280 I, i-9-12—+ ARk K 8, T EE (9 ,12-Octadecadtencic acid, LA, w6) 1.99 59
13 14176 278 £ MH-6,9,12-FABK=HER (6,9,12-0ctadecatrencic acid, GLA,w6) 525 91
LNFH-9,12, 15—+ Ak =158
14 14.287 278 ((Z,Z,7)%9,12,15-Octadecatriencic acid, ALA,w3) 0.03 5
15 15763 312 =4 ( Eicosanoic acid ) / 014 97
16 16073 310 11- = #4582 { 11-Eicosenoic acid) 0.59 99
17 20425 340 Z+ " 5e®, 1 B2 ( Docosanoic acid ) 0.07 95
18 24.548 168 .+ M58 { Tetracosanaie acid ) 0.29 96
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B(525% ), M CLA FERAf BRI P BT
LLE &, M.ramannian B BEG K8, B A ] LUE B) T
BRSNS Mg S B &M GLA A PR &
G TR SRS & B KA GLA 7EilmAE & 48
M ERET ., XHRIET Stylianos Fakas % #i4
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WL M. ramannicne BB 38 & FE S 55 15 00 B B 3T
Tk i rstst.
3 .iTj._‘re[ﬁ,w]

A R BEEET GLA BB ARG B R X B =8



WR St

paesipd |

PRELET EME, R A R e MR R BRI A
ERHME, MAARATREAR, TRUEEGEN
S AL BT B Y X B4 D, R R MR A
FRTE B, LUREINA A & AR GLA MofE A Bl mT 1Y,
HEREKEEM EEAFER GLA EHEERNE
B sipg 84 K s AR 24 8 CLA BEH &I Bk
HEETEEMEE TR ESK, BoTA6-IEHE
REMEEEEAMMPHREBEEAMNEERR
WEEs B ERRIT RS A S SRS AL, RE SN
HERM LA S BE R B B4 M+ R & A% GLA, X 5T
WIT AP A, HAERE A12-FA6- 528
TEERPTRE B B3 R 6 ik | AR B 0 38 o 2, TS 4 v
PEFEILAL GLA  (H RS (b3 R, T H IR E A
MRS EOME, FARERUNEHHERELS B
IR B AT, AREE T BEats
R FEM &R CLA Y —FHEERELE, 4
PR R, B R e A Mk Ay
WAL AR LR, WS R S E ke
SERFER AR, B A T K R R i R
P, ERFB R RE. FiddkkEREmNiFIR
R O — BB A ET RN, BOE M &R
HTA S, NSRS B S RE T E
BB TR W R, X% E GLA Rihe
TRy AL, BT DL 4S & R0 TR F B, S
AR P48 TR LAAMSE GLA 53 pftishE & .

BELHE .

[1] Ristic ¥V, Ristic C Role and importance of dietary
polyunsaturated farty acids in the prevention and therapy of
atherosclerosis[ J]. Med Pregl 2003 ,56 ,50~53.

[2] Grynbery A. Heart and nutrition; which fatty acids for which
cardiac function? [J], Arch Mal Coeur Vlaiss,2003,96,7~12.
[3] Gunsione F . Movemens towards tailor — madefas [ J].
Prog Lipid Res,1998,37.277~305.

A A A e 1 A1 et 1wl A, T

(k4% 103 1)

SEW
(1] HAE. AALEM]. ¥, FPEASL L H%
#, 2001. 131,

[2] Park O, Swaisgood H E, Allen ] C. Caleivm binding of

phosphopeptides derived fromhydrolysis of e, — casein and B-
casein vsing immobilized trypsin| J]. Diary Sci, 1998, 81.2850 ~
2857.

[3] ¢4 . LS 2HmikF(FIM]. £F . FHABIL S
B, 1988, 30~38,

[4] Gobbettim, Stepaniak M, De Angelis M, et sl Latent
bicactive peptides in milk protein: Proteolytic activation and
significance in dairy processing [ J] . Critical Reviews in Food
Science and Nutrition, 2002, 42(3) ; 223~239,

[5] Meisel H, Schlimme E.Milk protein precursors of bicactive

ol o o0 1 v o -l

Vol.28,No.12,2007

[4] #m sk BEF. BARSRRARBHRANTiE
R[1]. M da k& 2006,26(1) 101~ 104,

(5] BA . y-RRBAEFHK[I]. PHRBILHE, -
2002,18(1) ;28~29,

(6] Osamu Hiruta, Yasushi Kamisaka, Toshihire Yokochl, et
al. y-linolenic acid production by a low temperature— resistant of
Mortierella ramannians [ J] . Joumnal of Fermentation and
Bioengineering, 1996,82(2) . 119-123.

[7] Osamu Hiruta, Yasushi Kamisaka, Hidehi Takebe, et
al. Optimization and scale—up of y-linolenic acid production by
Mortierella ramanniane MM 15 - 1 a high +y - Linolenic acid
producing mutant  [J].  Journal of
Bioengineering 1996 ,82(4) ;366~370.
[8] Rui L Mendesa, Alberto D Reish, Ana P Pereira, e
al. Supereritical CO, extraction of y~linclenic acid ( GLA) from

Fermentation and

the cyanobacterium Arthrospira { Spirulina) maxima; experiments
and modeling[ ]]. Chemical Engineering Journal, 2005105147~
152.

P HFHAEAL, FPRARAFEHA(M]. £7 .4
F L kg, 2000,

[10] Quinn Qun Zhu, Dana M Wallters Pollak. Production of
gamma — linolenic acid in oleaginous yesst [ P ] .US,
20060035351 ,2006-02~ 16.

[11] Fakas S, Mada Galiotou - Panayotou, Seraphim
Papanikolaou, et al. Compositional shifts in lipid fractions during
lipid tumover in Cunninghamella echiruleta [J] . Enzyme and
Microbial Technology,2006,10(5);1~7.

(821 E I dupont de nemours, company. Delta 12 desaturases
suitable for altering levels of PUFAs in aleaginous yeast [P]. US;
2005047485 ,2005-05-26.

[13] Xue - Rong Zhou, Stanley Robert, Surinder Singh, et
al. Heterologous production of GLA and SDA by expression of an
Echiuw plantagineum A6~ desaturase gene [ J]. Plant Science,
2006,170 :665~673.

S,
peptides[ J]. Trends Food Sci Technol, 1990(1) . 41~50.

[6] Jens A N. Enzyme Hydrolysis of Food Protein [ M]. Elsevier
Appkied Scienve Publishers London and New York, 1986. 122
~ 123,

[7] Adamson N J Reynolds E C. Chatacterization of casein
phosphopeptides  prepared using alcalase: determination of
enzyme specificity[ J]. Enzyme and Microbial Technology, 1696,
19.:202~200.

[8] FizGerald R J. Potential uses of caseinophosphopeptides
[1]. Int Dairy Journal,1998(8) ; 451457

[9] W R Morison. A fast and relisble method for the
microdetermination of phosphorus in biological materials [J].

Analytical biochemistry, 1964({7); 218~224.

(10] 24, #HE, x4 $#. 24P (Z=m)[M].

FHF His ke dE, 2003, 379,

( 2007 %128 1, 07:



BB A B HE S AR RS IR [HPREE ...

(= FHH, W, P, M

1 A TR TR AR 5 TREERE, |20, 510640
% fr i Tl pp{ISTIC[PRU]

B4 SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY
B0 2007 (12)

1.Ristic V;Ristic C Role and importance of dietary polyunsaturated fatty acids in the prevention and

therapy of atherosclerosis 2003

2.Grynbery A Heart and nutrition:which fatty acids for which cardiac function? 2003

3. Gunstone F D Movements towards tailor—madefats[#F3CHAFI] 1998 (5)
A 5K ; AR G AR 2 AN RN TR D7 IR RO 5 08 DRI ST - T A 2 4 2006 (01)
5. 8 4 v - WRRIRAE AR RIS 3CT =) M IR 2002 (01)

6. Osamu Hiruta;Yasushi Kamisaka;Toshihiro Yokochl y-linolenic acid production by a low temperature—

resistant of Mortierella ramanniana 1996 (02)

7.0samu Hiruta;Yasushi Kamisaka;Hidehi Takebe Optimization and scale-up of Yy -linolenic acid

production by Mortierella ramanniana MM 15-1 a high Yy -linolenic acid producing mutant 1996 (04)

8.Rui L Mendesa;Alberto D Reisb;Ana P Pereira Supercritical CO2 extraction of Yy -linolenic acid

(GLA) from the cyanobacterium Arthrospira (Spirulina) maxima:experiments and modeling[#h3CHAF]]

2005 (3)

9. EFEZIZ oy hE 2L 2000

10. Quinn Qun Zhu;Dana M Wallters Pollak Production of gamma—linolenic acid in oleaginous yeast 2006

11. Fakas S;Maria Galiotou—Panayotou;Seraphim Papanikolaou Compositional shifts in lipid fractions

during lipid turnover in Cunninghamella echinulata 2006 (05)

12.E 1 dupont de nemours company Delta 12 desaturases suitable for altering levels of PUFAs in

oleaginous yeast 2005

13. Xue—Rong Zhou;Stanley Robert;Surinder Singh Heterologous production of GLA and SDA by expression

of an Echium plantagineum A6-desaturase gene[#P3CHATI] 2006 (3)

A e i (1046)

L LA IR A< 60— R R I SR PR PR L 11 1 25 [0 1 3011999

2. baP BRL WIER. NI AR A IR ORE AR A SRS A0 T A6 IR U 1 I S R P
ALK G B B DR R 7 A DA 8 3D - 25 A R 2003, 10 (5)

3. EJRE AR, 251 JRSEA . WANG Guang—ke. LI Ming—chun. LI Jin—chuan. XING Lai—jun yA###0%5 A 6-JlF
SO T S R (1) S A% 3 S8 A0 AR B TR R P A 9 D8 S ] — B 1 2 Bt 27412 2009, 4 (1)

4. e, BRIgEE A7 k. A, 7 401 PR3, TANG Shihua. CHEN Mingkai. YANG Jianbin.NI Qian.HE Dongping.
CHEN Tao YRBCHEAE w7 2 AU IR A0 A B 32 (KA 5 (908 300 - rp [ 3l 52008, 33 (5)

5. KEHE RSB A < 6> IR IR I B R B Sk SR MR A 5 AT [ 2447 18 321 2007

6. L. BEERRL ST UV LiCIALA VR AR R T O 7 2 AR U IR oo o= BT AR08 30D - 1 iR 2%

2004, 25 (4)



http://d.g.wanfangdata.com.cn/Periodical_spgykj200712028.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%8e%89%e8%8e%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%bd%98%e5%8a%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%bd%97%e7%ab%8b%e6%96%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9e%97%e5%bd%b1%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e5%8d%8e%e5%8d%97%e7%90%86%e5%b7%a5%e5%a4%a7%e5%ad%a6%e7%94%9f%e7%89%a9%e7%a7%91%e5%ad%a6%e4%b8%8e%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e5%b9%bf%e4%b8%9c%e5%b9%bf%e5%b7%9e%2c510640%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-spgykj.aspx
http://c.g.wanfangdata.com.cn/periodical-spgykj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ristic+V%3bRistic+C%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e1.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Grynbery+A%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Gunstone+F+D%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ025719679.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e9%b9%8f%3b%e6%9d%a8%e5%9f%b9%e6%9e%97%3b%e6%88%b4%e7%be%8e%e5%ad%a6%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_wswxzz200601027.aspx
http://c.g.wanfangdata.com.cn/periodical-wswxzz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e4%ba%9a%e4%b8%9c%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gzspgykj200201011.aspx
http://c.g.wanfangdata.com.cn/periodical-gzspgykj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Osamu+Hiruta%3bYasushi+Kamisaka%3bToshihiro+Yokochl%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e6.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e6.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Osamu+Hiruta%3bYasushi+Kamisaka%3bHidehi+Takebe%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e7.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Rui+L+Mendesa%3bAlberto+D+Reisb%3bAna+P+Pereira%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212664841.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0212664841.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%9b%bd%e5%ae%b6%e8%8d%af%e5%85%b8%e5%a7%94%e5%91%98%e4%bc%9a%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e9.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Quinn+Qun+Zhu%3bDana+M+Wallters+Pollak%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e10.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Fakas+S%3bMaria+Galiotou-Panayotou%3bSeraphim+Papanikolaou%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e11.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e11.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22E+I+dupont+de+nemours+company%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e12.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-spgykj200712028%5e12.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Xue-Rong+Zhou%3bStanley+Robert%3bSurinder+Singh%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ023407906.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ023407906.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%90%8c%e7%94%9f%22+DBID%3aWF_XW
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Thesis_Y308278&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Thesis_Y308278.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8d%9c%e4%ba%91%e8%90%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%b9%bf%e7%a7%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e5%9b%bd%e6%ad%a6%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e7%ba%a2%e5%a6%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bb%bb%e5%8b%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%88%aa%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%98%8e%e6%98%a5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%a2%e6%9d%a5%e5%90%9b%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_ywswjs200305002&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_ywswjs200305002.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_ywswjs200305002&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_ywswjs200305002.aspx
http://c.g.wanfangdata.com.cn/periodical-ywswjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%b9%bf%e7%a7%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%98%8e%e6%98%a5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%99%8b%e5%b7%9d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%91%e6%9d%a5%e5%90%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Guang-ke%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Ming-chun%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Jin-chuan%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XING+Lai-jun%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_chengdyxyxb200901001&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_chengdyxyxb200901001.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_chengdyxyxb200901001&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_chengdyxyxb200901001.aspx
http://c.g.wanfangdata.com.cn/periodical-chengdyxyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b1%a4%e4%b8%96%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%98%8e%e9%94%b4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e5%bb%ba%e6%96%8c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%80%aa%e5%80%a9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bd%95%e4%b8%9c%e5%b9%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%b6%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TANG+Shihua%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Mingkai%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22YANG+Jianbin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22NI+Qian%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HE+Dongping%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Tao%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgyz200805012&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgyz200805012.aspx
http://c.g.wanfangdata.com.cn/periodical-zgyz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%ad%a6%e7%82%9c%22+DBID%3aWF_XW
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Thesis_J014997&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Thesis_J014997.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%95%b8%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%b1%e6%a0%91%e6%af%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%bd%95%e8%85%8a%e5%b9%b3%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_spkx200404008&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_spkx200404008.aspx
http://c.g.wanfangdata.com.cn/periodical-spkx.aspx

7. KA. ). WAL L Lili.Pan Li.Luo Lixin hr8 8™ v —WRRIR )G A T 208 BT 0] - £
55 R 12007, 33(7)

8. JI. M. PhAE. EOBTIL. XUAE. BN, BT VRSO e AT A i I & AN AT R PO 9 [ i8R S
1-2000

D5 CBFFI e 30] o1 ] 4 S 42008, 44 (10)
10, L BRI JA B TR 25000 . BT ARSI & e I A SR [ 8501 -2001

A http://d. g. wanfangdata. com. cn/Periodical spgykj200712028. aspx



http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e8%8e%89%e8%8e%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%bd%98%e5%8a%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%bd%97%e7%ab%8b%e6%96%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Li+Lili%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Pan+Li%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Luo+Lixin%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_spyfx200707009&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_spyfx200707009.aspx
http://c.g.wanfangdata.com.cn/periodical-spyfx.aspx
http://c.g.wanfangdata.com.cn/periodical-spyfx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%92%b8%e6%bc%a0%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e4%b8%bd%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e7%87%95%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%ae%a1%e6%96%b0%e5%be%81%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%bb%b6%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%af%95%e9%a2%96%e4%b8%bd%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%94%84%e5%bc%80%e5%90%89%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_256388&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_256388.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%8f%b2%e7%a6%8f%e8%83%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%91%e5%8d%a0%e6%89%8d%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%89%e6%b0%b8%e5%b0%89%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SHI+Fu-sheng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HEI+Zhan-cai%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22AN+Yong-wei%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgsyzz200810009&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgsyzz200810009.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zgsyzz200810009&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zgsyzz200810009.aspx
http://c.g.wanfangdata.com.cn/periodical-zgsyzz.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%92%b8%e6%bc%a0%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ba%b7%e4%ba%a6%e5%85%bc%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e5%b9%bf%e6%a0%8b%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%90%9b%e9%9c%9e%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%96%87%e5%85%b4%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%af%95%e9%a2%96%e4%b8%bd%22+DBID%3aWF_HY
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%94%84%e5%bc%80%e5%90%89%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_5402149&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_5402149.aspx
http://d.g.wanfangdata.com.cn/Periodical_spgykj200712028.aspx

