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Future of synthetic: Development of synthetic biology in the view of

Escherichia coli reconstruction
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Abstract: Synthetic biology is an inter-discipline that appeared with the development of genetic engineering,
system biology and bioinformatics. As a host, Escherichia coli played an important role in the development of

synthetic biology. Therefore, this review summarized the recent development of E. coli as a host of synthetic

biology.

Key words: synthetic biology; Escherichia coli; chassis; reconstruction

T WA R O SCHOR I — T &
THRACH LR =R & A B
PEvert s S RCED o AR R AEY RS, R
KLU ARG TR AR . 25— G )
(RBIE 5 N 25 2 A e P P o AR 1 e A
117 H A2 A AR 2 Pl X A e D T
WARG AW RS, HPEA SRS BB T
P20 5 T AT KR AE W) D) RE ) AR G Bl — 4 of
Fran . =8 A a2 & A I — R L
SR R g 2 AR M i rp R R IR R S
PIFEIN AL, i SRR g B AR S 35 AL i i
SERFE R A EY S, NI DO T
BAUY B2 L L, BRSO IR a
WA, i HoE SR R R G A,
R IGE W E I REDR . CEI R B 2 DL K
PAIE W AR T8 OC AR BT R IR A

1 KT E—MRREEY

B R P R B E AR A A 2R ) A
7 JEal, SR, AiM PR AN A R G AR
tegE Tk, KA R (Escherichia coli) 1 )y f;
PR A, BT SEM. AR, 5
TEAE, FEREREEIE ST LA R AR BAR N Oy A
# Ho At 455 2 A 4 mT L L A k. o) 40 4
DNA AR LA 537 A4 2 T F 1) N 452 7K W
FFTE R IR0 e 2 LA ALY R IR . BB A2
W, KA B DA T, 2 TEMR S
B TR, WA KA BE RS TR K&

WS HER: 2011-05-25

EEWA: EHXARRPAEEIH(31070092); B E
FEERERIEY R R “973 T H 7 )(2011CB707405)
*BIE1E&: E-mail: qigingsheng@sdu.edu.cn



559301

T, S AR WK RIS & Y 20 R R 845

LR F AR AR R, KRS
AR 2 AR TR

B, O T R/NN I P TOAR TR A I 2% L R 4
re SLARS 0 2 1 mT T B T s, AATTIR SR % K
FFB I SE D BT 4800 SR A IR0 2 & B
vl (B ) . S R AL B MR P AR IR R
— &R ML A R R, W I DNA A ks A Sk R
W E MBI, b, B8 T K05 15
(FEDZL P phiX 174 Wi AR (3 4L ™ DL K 2B B
S EAK (Mycoplasma genitalium) B35 R 41 E 1% 2h &
IR W s 5 — 4 SR RE T BR LA A AR R 4l
o BRG] DNA ANEEE ) DNA v BORIE 2 75 D) 6E
3L . Blattner W04 IE L P2 EE X, FEEAM E.
coli MG1655 JE [H 41 b I 1A 5] 2 DNA A F& 52 1)
DNA F B AEEL T IhRERISE N, 1 W 5 4% 4 A1
T AH DGR B R LR S R R PR B R AH OGS IR . s E
coli MG1655 BRI FE R 2 ik /> 15.27%, $RAFI B
PRAE B 85900 b A KR e ] R, R H
MY A T LA B A 0 Gt AA S e 5 Ak Ah DNA 53 1
s fe Ry o 1 F AL R Bl X — IRk
UL T HAT /NS ARG AT AT . /N
AL BETE b 40 i 0 2E KR A SR A AR 43 ML
RlfeE, Sk TABERREIEE. SER R
PRI AR 06 75 ThRESE DN, oD 1 o 40 R 1 AL 1 5,
Fem R RCR, A SEEUR H BN SRR Al gn i ) A=
P2 RE TR A B Ah 2 AR AL T B IR T, (HAT
HERRAE A & A 2 s T AR AR LA
IS FE AL P S5 /NS DR AL PRI R R AN 2 R e AE SRR IR 2% T
(B ANV 28 IR T ) AR A R B
FEPRIAL, A f Re 8 7 S (] R R T AR AR L FE
BB R P AR KR BB N6 R T 45 A R B /NI DR A
DRI, FRATTIA A 3 P d /N ERT 21 P DAY f i i
P4, el DU SERr.

2 KB EEREYFRE

B A A A A A A i R I AT 22
BE t A (BIEAAE ) i, gt TREAE I
AL AR . & R8O T ix s
YA AR TRE BT S PR TR S AR
WS, AW AR AT RN A 2 R ik
ik, T RAAE SRR BT b b e — 2
N E AT E B F IR LY A E (Device).
UG TREA ] AT B i i, iR B o
BB, D ARAIRNER R, T2

R BEER R, S AR AR R AR AR v
AR TR A AR 2 A T R S BB AR IR A= ) TR 2
O, ATV RS
PRI, B A2 R 2 e AR AL R ]
Pk, BURHARAEA I A P27 oot ) L] {5 b i
PR UBL ) A=) 2 A R e, TB B ARG ) H
o BRI, & BUE) 7 IR OBl i ST AR A ) A2
Z At (Biobrick). L L R A AR HEAL I
WE SR A N A o, GRS BT
UL AR A S —Le 45 e, A A6 B
R AT, NG & TR . @ HA PRI AR
HEPER IO, 3 G A R R R DS & AE)
AT B A
HHl, A 2000 2R A=) o4 & ot
(Standard Biological Parts Knowledgebase)(http://part-
sregistry.org/Main_Page). 1XH /K2 #0E KA B
et Sk BT AT Loy o =28 JERI R
FiE$oetE, AR Promoter( Ji8) ¥ ). Terminators
(Z1E7 ). Inverter( 2 M 4% )« Ribosome Binding Sites
( K% W AR 25 5 47 11 ). Riboswitch( 4% M 7 ¢ ) BA K
RNA ; DNA P41 J FORL AR & B8P 41« B R4S
GART S QB Ve L YR 7P A a =7 WY Gl o RSB B
WK ITAE T Ja SE A R 9. BHIE T AE # A 4 A
[F) PR S5 H R AR 2 2 sk SN R () A= oo,
MR T RS E S 488 @ AU A oot
AT RLE K A o b by e & R D) BE IR B R 2%, okt
P % %% (gene oscillator)™"", 1% %% (counter)!'”,
AR (logicgate) ™™, AT T~ A Ji I 27 40 it o %
MIIRE. Ji4h, b T ARSI, — &
FI BB AA U B ROE T A, TR IA %
RIPFEARZAE, WEsT. ST Prikifikisid
HRBAA L BT LAT, Witk TR T,

3 KBEFEIEESFYIHER

KIF et 0 — R fiE it w,  HACE X RE= 2k
NG T I LRI TN LREE Y . AR
TRETIFAS, AATHOR AR KA b f i — 28 K
Fri sk B 5 ANGE - AP B & A 1 KT
WA AR SRR T IR R (PHA), AT R
SRR KL MR 15 19 I 2R A Wi AE K W A h 57 T PHA
Rigpigse . W RAISGE, KR H
RIS R R e — Y Rl FATSE
W =0 AE K A P R T I IR A IR AN PHA 1)
At M T F ORIV £ B 2R I AR



846 '+

R 234

B i F R A, R0 R0 N R A AR el R o0 A
Keasling PR 4 1) ¢ T 76 KAt v vh i g 5 los 12
KRR 25 A P2 VR T IR IR I 29 —— T = T
PR —— FHER. %S AR R T 4008 bk
SAEDI 1T AN B SN AH O i 5% DRk AT 485 Ak I
PRCASE S, 30 I 5 PR 2k 1 4 DL R AR E f Ak
IhAEE T R A 7 5 B R M T RE AL K A i 0
HAEFE R A LA, B E R A KR
KBRAG, R A B AR W [ LB AL T B I 25400
R B T2~ B¢ (MIT)Gregory Stephanopoulos B4 81 21
(1)K T oA PR ) —— RS G BURE I A .
TP A TR S R 208 DL ARl &, AR
JW AT AT A T T 250 B A 7 B A2 I T A -
I RE ) HUOERTAHEL B = T 15 000 1%, 2542 0
PEEIAE]T 1 g/L KR B,

EYREIR UL AV 2 IR0, B
RIEAT A Forr— A2 S [F NS AZ WL 73 2 Liao
WA ¢ T A P i RE S O i g, i S
ANIE T 2- P R Bid S KIVD( K E BRI B2 BF . FLIR
FUBR A B R 1A ) AT 2 5 S ADH( RGP
WERE ), FIH KB R 2 1R G B (1) 2- i
PRI, RO T R B A A T AR
FRBE IR BR 5 2011 R4, Liao YR
T 73 A S UM R E CoA & Jr g, JFEH T
TREACH IR AE, BT BRI AR SR A R R I IK B
7 W JE R4 NADH DL K T CoA, $m T
IETEREA R . g ] LUE P 15~30
g/L (W1 T, i PRl (0 7 v 77 i AT 1~4 g/LP,
Keasling $& H 71 A=W AR 3% A By o, R
A i 8 A I F-22 (synthetic protein scaffold) B#AY;
PRI A G RS P e —ild, SR mI s, Al
BEAE AR R AL AR I DL R P = e i g 77 435 P70
X (NBLBuE PRI SR 0 N7 W Bei e 8 - R
g RO AR RS S 2R ) AR R (RT R N H AR
WRBL Y—— g 5T (fatty esters). JigJIif (fatty alcohol)
I (waxes)o ARATTIE T Lk K AT B R 43 W8 Y- £T
ez, K AR AP I A E Sy,
T LUK £F 4 A0 ARt P9, J ok, LS9 Al
A 2 R BRNT AR R S TR R R A e s DA K
KIRA A s P AN, FEE MM 2B
Silver YRS A 72 KT B PR 17— 54 A A
iz B

DRI, i I v o — SR R A B SR DR, AR
WAF s RS P AR SRk B S AN Re AR A A ). X

U T R RN S L RN o e
IR R BE T AR

4 FIRXBTFESRIERAFY

WA KA w R AR B 57, ARk
PSR — AN KR RS A0 S Al T
(Biorefinery Factories) ; 1fii £ KM & H Al AE R AR
FEW) (FEMIANRES B ) AR A TR A
AW EEIE R TR B

IR (PLA) /& BRIk e A4y n]
B skl,  H A8 K% Taguchi U841 o A
AT R AR =4 PHA 05 &2, 1 K #
o 5 A 51N LR i AU LDH. 75 Bk CoA # 1% il
PCT, Jfiliid PHA R4 (PhaCy) (1€ MR, o
KA T KA R BRI TR 2R 7= SR FLIR (PLA)CY
2 Ji, Lee Sang Yup 2Bl 1A HAHFIRIE. ANFH
N T2t 1) PhaC 2845 WK 75 Bl PGHB-co-LA) 3L 2
W, b LA 419 &2 hehs b IR E B 70% 5,

Ji4b, Liao {6 H7 AR P2 g g i 6l B, 9
J& T TRERmH AR u IS . Jot, EllaE
e R B, R R (S)-2- B -3- W R (5
SEE R G MR B AR ), BT AR 2- W ¢
BT (G R A R A4 ) ARG, 2- R R N R A
LeuABCD 46 A H N ] UK BE < — Nk, I
WERAEIR B A Coye B 2- Wil 52 CURR Y 2- Wi 5 R
2- Wi 5 EMRAF o PRIBLHEWT, (5)-2- W -3- FHAE IR . 2-
I T B 1T 8 LeuABCD PR A KA i il Co~C9 11
MM AR — Nk, A2 R )z 1) 2-
1% i S (KIVD) A lid 208 (ADHG6) i A0 R 4%
AR R AH N 1) C5~C8 (1 1 P Mg o fi 25 At AT 30 i A
ALY R AN LeuA 55 55848, sl 7 4R R
P BRI £ P F4E, Liao iS3RIE 7K
Jo T TR Al R AR s 2 e ——L- = &R 1) 5 s
A EAL 1 25 2 8 I &0 GDH 1) 4% 2 55 [ Y, )
T KWk w A 2- BT B8 B L- 5 T8 20 B8 1)
WAR, LRETHE R KBTS 2 5.4 g/L 1 = N 2 IR,
AL PUsOR 20w ik BY. e A, SE1E
JBRAE B L2 5t Prather PRAALAE K AT s A g 1
A % D- AR R A& R B, 3 1 5T
Wolfgang ¥R 20 75 K AT i1 Hh da A= 7 I TR 1)

# 0,
5 FIAXBATERRIEENSAE
T (MDA, KT W 955



559301

O, S AR WK RIS & Y 2 IR R R 847

JVE 2 HE LR R ) T AR B, K w4l i &
TR 2R, NSk BRI KT A
B8 X IS4 5 AT I N R R X o 177 33X 4 g [ B 155
(1) 24 iy TG A0 B R AR SR Bl LAUSCE AT TAH OQ IR e s
K7 b, ALAEBRATTET N KA B lac, tet % ara
BT RS T, W B I L. By
ETHE B A7 A8 RO B Ui BE R (1) 3% 5% - James Collins
O 7 SR R D 2 i —— LIRSk i BT,
T A2 A 5 e Bk 75 5 A SEDRERIE, AT
0 B BLRI R IE 5 11 B JE PR (1) 08 o] A 1
ik, EXFESLETMAERY, WA RS
PH AN A R A& 2 AT = 8 . 2 Ja Mt 5T,
Collins ¥ PAAN 3 8 12 H AT T — AN 3L D I 4%
(genetic timer), XN BEAT4H il N TE — AL DA
DI BIRIE 7 — AN RN (Bl —w B RS
T AST I T8, ABATRE &5 R it s v SR, JF
TR N LAt A R T I oK 2 an ] R . IX b
HA VDI Re R A B2 EE A v L

TERGAFE T, 2 /DAFAE 32 ML I3 S 3
g8 B, Sl B A O K R R IR Y R 4
Al LS IR i AT RN AN TR 4 51 RN, )
trinitrotoluene(TNT). L-Lactate™ L &z Zn*"", 2005
T, Voigt PR e ke i T Fl b A R IR R Y
BEZH IR AT AN RPRS LG R G - R 5y
{55 ¥ 5 A 4t EnvZ-OmpR ' EnvZ 21 24 1% Wi 1)
it 5 BT R PCB L &5 S I A 2L R ik &
ISR — GO, FI, K lacZ BEKE T ompC
Ja8)¥ (MK T OmpR 1K IE ) 2 )5, 1115 lacZ 1)
KiIEZ W, MR RGeS
lacZ FiE =Wy f- L, H 5 S-gal [ V15 3 K
e, AT KGR R A e hag 0,
1% 2 K% Der Meer VRS 41 & 7 H TR A 55 vh
B R FF Y, 96 R HLK 2 Gallivan BE8I41
T IE B AL B T 5% (riboswitch)™,  J0iik H 52
Ri[ Rl f7 3 (atrazine) W #8 AZ BEIT 0, & A %90 2
R R T AT V1 R TR B R I A ) o] e v ) o i
A4, 2009 4F, Ellington ML &% T —FiUH T4
MG AEERET, FEAE KA g #,
6 RBE

Kt LA Red . EW. PR 20
EFEREECES, SRR R R T K
wARHER AR M ER Y, W R R R A R
Py AR 38 A2 R K A B 2 AIE 173 1 A 2 B

RE, AEILRENS i KRR RARRIR ). AERL 210
AR, BT KA B R G EY AR B TR
J B — BB A DG I R Ge L TR AT R
i P AT U SALRL S A S R G A R A
TEk A AR R R AR A BN . AT
K P A v R R R A DR A A A b (A
N KBRS R DL BT AT IR B ) SEBL
AR REAS ™ 2R R RR TR I E H AR, [F]
I, R KA E G2 A S AREA K, 1Al
A SRS R B (R SR ), il — 2
2y, JESCBURIAT B & B A SR G . K
R G A 2 BRI SR 2 D0y FeAts A v 6 A
P2F (0 R AR A B RN T R IR S A%

(& % x Wk

(11 ERE, FBRAE. &Y S50 TR By TR
R, 2009, 25(9): 1296-302

[2] Cello J, Paul AV, Wimmer E. Chemical synthesis of
poliovirus cDNA: generation of infectious virus in the
absence of natural template. Science, 2002, 297(5583):
1016-8

[3] Smith HO, Hutchison CA 3rd, Pfannkoch C, et al.
Generating a synthetic genome by whole genome assembly:
phiX174 bacteriophage from synthetic oligonucleotides.
Proc Natl Acad Sci USA, 2003, 100(26): 15440-5

[4] Gibson DG, Benders GA, Andrews-Pfannkoch C, et al.
Complete chemical synthesis, assembly, and cloning of a
Mycoplasma genitalium genome. Science, 2008,
319(5867): 1215-20

[5] Posfai G, Plunkett G, 3rd, Feher T, et al. Emergent
properties of reduced-genome Escherichia coli. Science,
2006, 312(5776): 1044-6

[6] Sharma SS, Blattner FR, Harcum SW. Recombinant
protein production in an Escherichia coli reduced genome
strain. Metab Eng, 2007, 9(2): 133-41

[7] Lee JH, Sung BH, Kim MS, et al. Metabolic engineering
of a reduced-genome strain of Escherichia coli for
L-threonine production. Microb Cell Fact, 2009, 8: 2

[8] Danino T, Mondragon-Palomino O, Tsimring L, et al. A
synchronized quorum of genetic clocks. Nature, 2010,
463(7279): 326-30

[91 Ninfa AJ, Selinsky S, Perry N, et al. Using two-component
systems and other bacterial regulatory factors for the
fabrication of synthetic genetic devices. Methods
Enzymology, 2007, 422: 488-512

[10] Stricker J, Cookson S, Bennett MR, et al. A fast, robust
and tunable synthetic gene oscillator. Nature, 2008,
456(7221): 516-9

[11] Tigges M, Marquez-Lago TT, Stelling J, et al. A tunable
synthetic mammalian oscillator. Nature, 2009, 457(7227):
309-12

[12] Friedland AE, Lu TK, Wang X, et al. Synthetic gene
networks that count. Science, 2009, 324(5931): 1199

[13] Culler SJ, Hoff KG, Smolke CD. Reprogramming cellular



848

3%

[14]

[15]

[16]

[17]

(20]

(21]

[22]

(23]

(24]

[25]

[26]

(27]

(28]

(29]

[30]

behavior with RNA controllers responsive to endogenous
proteins. Science, 2010, 330(6008): 1251-5

Tamsir A, Tabor JJ, Voigt CA. Robust multicellular
computing using genetically encoded NOR gates and
chemical/wires/'. Nature, 2011, 469(7329): 212-5

Win MN, Smolke CD. Higher-order cellular information
processing with synthetic RNA devices. Science, 2008,
322(5900): 456-60

Anderson JC, Dueber JE, Leguia M, et al. BglBricks: A
flexible standard for biological part assembly. J Biol Eng,
2010, 4(1): 1

Schubert P, Steinbuchel A, Schlegel HG. Cloning of the
Alcaligenes eutrophus genes for synthesis of poly-f-
hydroxybutyric acid (PHB) and synthesis of PHB in
Escherichia coli. J Bacteriol, 1988, 170(12): 5837-47

Li R, Zhang H, Qi Q. The production of polyhydroxya-
lkanoates in recombinant Escherichia coli. Bioresour
Technol, 2007, 98(12): 2313-20

Kang Z, Du L, Kang J, et al. Production of succinate and
polyhydroxyalkanoate from substrate mixture by
metabolically engineered Escherichia coli. Bioresour
Technol, 2011, 102(11): 6600-4

Anthony JR, Anthony LC, Nowroozi F, et al. Optimization
of the mevalonate-based isoprenoid biosynthetic pathway
in Escherichia coli for production of the anti-malarial drug
precursor amorpha-4,11-diene. Metab Eng, 2009, 11(1):
13-9

Martin VJ, Pitera DJ, Withers ST, et al. Engineering a
mevalonate pathway in Escherichia coli for production of
terpenoids. Nat Biotechnol, 2003, 21(7): 796-802

Pitera DJ, Paddon CJ, Newman JD, et al. Balancing a
heterologous mevalonate pathway for improved
isoprenoid production in Escherichia coli. Metab Eng,
2007, 9(2): 193-207

Tsuruta H, Paddon CJ, Eng D, et al. High-level production
of amorpha-4, 11-diene, a precursor of the antimalarial
agent artemisinin, in Escherichia coli. PLoS One, 2009,
4(2): e4489

Ajikumar PK, Xiao WH, Tyo KE, et al. Isoprenoid
pathway optimization for Taxol precursor overproduction
in Escherichia coli. Science, 2010, 330(6000): 70-4
Atsumi S, Hanai T, Liao JC. Non-fermentative pathways
for synthesis of branched-chain higher alcohols as
biofuels. Nature, 2008, 451(7174): 86-9

Shen CR, Lan EI, Dekishima Y, et al. High titer anaerobic
1-butanol synthesis in Escherichia coli enabled by driving
forces. Appl Environ Microbiol, doi: 10.1128/AEM.
03034-10

Dueber JE, Wu GC, Malmirchegini GR, et al. Synthetic
protein scaffolds provide modular control over metabolic
flux. Nat Biotechnol, 2009, 27(8): 753-9

Steen EJ, Kang Y, Bokinsky G, et al. Microbial production
of fatty-acid-derived fuels and chemicals from plant
biomass. Nature, 2010, 463(7280): 559-62

Schirmer A, Rude MA, Li X, et al. Microbial biosynthesis
of alkanes. Science, 2010, 329(5991): 559-62

Rocha I, Maia P, Evangelista P, et al. OptFlux: an open-
source software platform for in silico metabolic
engineering. BMC Syst Biol, 2010, 4: 45

Taguchi S, Yamada M, Matsumoto K, et al. A microbial

[35]

[36]

[37]

[38]

[41]

[42]

[43]

[44]

[47]

(48]

factory for lactate-based polyesters using a lactate-
polymerizing enzyme. Proc Natl Acade Sci USA, 2008,
105(45): 17323

Jung YK, Kim TY, Park SJ, et al. Metabolic engineering
of Escherichia coli for the production of polylactic acid
and its copolymers. Biotechnol Bioeng, 2010, 105(1):
161-71

Zhang K, Sawaya MR, Eisenberg DS, et al. Expanding
metabolism for biosynthesis of nonnatural alcohols. Proc
Natl Acad Sci USA, 2008, 105(52): 20653

Zhang K, Li H, Cho KM, et al. Expanding metabolism for
total biosynthesis of the nonnatural amino acid L-
homoalanine. Proc Natl Acad Sci USA, 2010, 107(14):
6234-9

Moon TS, Yoon SH, Lanza AM, et al. Production of
glucaric acid from a synthetic pathway in recombinant
Escherichia coli. Appl Environ Microbiol, 2009, 75(3):
589-95

Djurdjevic I, Zelder O, Buckel W. Production of
glutaconic acid in a recombinant Escherichia coli strain.
Appl Environ Microbiol, 2010, 77(1): 320-2

Gardner TS, Cantor CR, Collins JJ. Construction of a
genetic toggle switch in Escherichia coli. Nature, 2000,
403(6767): 339-42

Ulrich LE, Koonin EV, Zhulin IB. One-component
systems dominate signal transduction in prokaryotes.
Trends Microbiol, 2005, 13(2): 52-6

Dwyer MA, Looger LL, Hellinga HW. Computational
design of a Zn>" receptor that controls bacterial gene
expression. Proc Natl Acad Sci USA, 2003, 100(20):
11255

Levskaya A, Chevalier AA, Tabor JJ, et al. Synthetic
biology: engineering Escherichia coli to see light. Nature,
2005, 438(7067): 441-2

Diesel E, Schreiber M, van der Meer JR. Development of
bacteria-based bioassays for arsenic detection in natural
waters. Anal Bioanal Chem, 2009, 394(3): 687-93

Sinha J, Reyes SJ, Gallivan JP. Reprogramming bacteria
to seek and destroy an herbicide. Nat Chem Biol, 2010,
6(6): 464-70

Tabor JJ, Salis HM, Simpson ZB, et al. A synthetic genetic
edge detection program. Cell, 2009, 137(7): 1272-81
Hyduke DR, Palsson BO. Towards genome-scale
signalling network reconstructions. Nat Rev Genet, 2010,
11(4): 297-307

Kitano H. Computational systems biology. Nature, 2002,
420(6912): 206-10

Lewis NE, Hixson KK, Conrad TM, et al. Omic data from
evolved E. coli are consistent with computed optimal
growth from genome-scale models. Mol Syst Biol, 2010,
6:390

Becker SA, Feist AM, Mo ML, et al. Quantitative
prediction of cellular metabolism with constraint-based
models: the COBRA Toolbox. Nat Protoc, 2007, 2(3):
727-38

Papin JA, Price ND, Palsson BO. Extreme pathway
lengths and reaction participation in genome-scale
metabolic networks. Genome Res, 2002, 12(12): 1889-
900



