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Abstract:
chemicals. Industrial biotechnology plays an increasingly important role in solving the resource, energy and environmental
problems. Systems biology has shed new light on industrial biotechnology, deepening our understanding of industrial
microbial cell factories and their bioprocess from “Black-box” to “White-box”. Systems-wide profiling of genome,
transcriptome, proteome, metabolome, and fluxome has proven valuable to better unveil network operation and regulation on
the genome scale. System biology has been successfully applied to create microbial cell factories for numerous products and
derive attractive industrial processes, which has constantly expedited the development of industrial biotechnology. This review
focused on the recent advance and applications of omics and trans-omics in industrial biotechnology, including genomics,
transcriptomics, proteomics, metabolomics, fluxomics and genome scale modeling, and so on. Furthermore, this review also
discussed the potential and promise of systems biology in industrial biotechnology.

In industrial biotechnology, microbial cell factories utilize renewable resources to produce energy, materials and

Keywords: industrial biotechnology, system biology, multi-omics, strain design, fermentation optimization
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Table 1 Data repositories associated with omics datasets and metabolic engineering interest

Name OMICS Website Description Reference
GenBank Genomics www.nchi.nlm.nih.gov/genbank Genetic sequence database, an annotated [5]
collection of all publicly available DNA
sequences
Genome Genomics https://www.ncbi.nlm.nih.gov/genome Organizes information on genomes including [5]
sequences, maps, chromosomes, assemblies,
and annotations
GOLD Genomics www.genomesonline.org Catalogs genome-scale sequencing projects [6]
Microbesonline  Genomics http://www.microbesonline.org/ Contains 3 707 genomes, including 1 752 [7]
bacteria, 94 archaea, and 119 eukaryotes
SGD Genomics Www.yeastgenome.org A database for S. cerevisiae specifically [8]
FungiDB Genomics fungidb.org/fungidb/ An integrated genomic and functional [9]
genomic database for the kingdom Fungi
GEO Transcriptomics www.ncbi.nlm.nih.gov/geo A public functional genomics data repository  [11]
ArrayExpress Transcriptomics www.ebi.ac.uk/arrayexpress Functional genomics data [12]
M3D Transcriptomics http://m3d.mssm.edu/ A resource of microbial gene expression data  [13]
PRIDE Proteomics www.ebi.ac.uk/pride/archive Mass-spectrometry-based proteomics [17]
specifically
GPM Proteomics www.thegpm.org Tandem mass-spectrometry-based [18]
proteomics specifically
PeptideAtlas Proteomics www.peptideatlas.org A multi-organism, publicly accessible [19]
compendium of peptides identified in a large
set of tandem mass spectrometry proteomics
experiments
Uniprot Proteomics WwWw.uniprot.org Provides proteomes for species with [20]
completely sequenced genomes
MitoMiner Proteomics http://mitominer.mrc-mbu.cam.ac.uk A mitochondrial proteomics database of [21]
mammals, zebrafish and yeasts
Plasma Proteome Proteomics http:/mww.plasmaproteomedatabase.org Plasma Proteome Database as a resource for [22]
Database proteomics research
METLIN Metabolomics  metlin.scripps.edu A repository for mass spectral metabolite data [29]
MassBank Metabolomics  www.massbank.jp A mass spectral database of experimentally [57]
acquired high resolution MS spectra of
metabolites
HMDB Metabolomics  http://www.hmdb.ca/ A freely available electronic database containing  [32]
detailed information about small molecule
metabolites found in the human body
Golm Metabolome Metabolomics  http://gmd.mpimp-golm.mpg.de/ Facilitates the search for and dissemination [30]
Database of reference mass spectra using GC-MS
MetaboL.ights Metabolomics  www.ebi.ac.uk/metabolights Contains protocols, publications, raw data, [31]
and meta data for a wide variety of
metabolomics studies
CeCaFDB Fluxomics www.cecafdb.org A collection of 100+ *3C-flux publications, [38]
mostly regarding prokaryotes
KEGG Metabolic www.kegg.jp One of the most complete and widely used [46]
pathway databases containing metabolic pathways
(372 reference pathways) from a wide
variety of organisms (>700)
frgk
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gkl
WikiPathways Metabolic www.wikipathways.org An open, collaborative platform for [47]
pathway capturing and disseminating models of
biological pathways for data visualization
and analysis
MetaCYC Metabolic metacyc.org A metabolic pathway-specific database [48]
pathway which describes the enzymes involved in
over 400 metabolic pathways across 158
different organisms
BioCYC Metabolic biocyc.org A collection of 371 individual species [49]
pathway pathway/genome databases
LIGAND Metabolic www.genome.ad.jp/dbget/ligand.html A repository for enzyme-catalyzed reactions [50]
reaction
BRENDA Metabolic www.brenda-enzymes.org A repository for enzyme-catalyzed reactions [51]
reaction
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Fig. 1 LDBT (Learn-Design-Build-Test) cycle of synthetic biology to develop industrial cell factory driven by systems
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G A TR A G g R A AR R TR e B IR 1)
BCHLER, KR UET 5 AN F AN i 28 AN JEHFE
TR BRIV 2 200 ok oy 2 28 5 L DR ek A, g
NIERIGFFRE SBT3 B12 BN A AL,
kAL 25K 307 mg/g DCW, & I 1k ki, X
J HFTTALKFRY 1710, A& Zfb2a i i Sk &
B AR50 R B R R T A AR T AR A 7R

V== AN
AE

#2 REEYFEIUEYE AL REEG)
Table 2 Recent applications of system biology in industrial biotechnology
Goal Strategy Strain Product Effect Reference
Microbial cell factory engineering
Chassis selection In silico flux analysis Saccharomyces Acetyl-CoA chassis  Platform cell for the production [64-65]
and design cerevisiae of 29 chemicals
Novel metabolic ~ Genomics S. cerevisiae Opioids [66]
pathways Genomics S. cerevisiae Breviscapine 108 mg/L scutellarin; 185 mg/L [67]
construction apigenin-7-O-glucuronide
Genomics Escherichia coli Vitamin B12 1250-fold (yield) [68]
Genome-wide Genomics+ Aspergillus niger  Citric acid 15-folds (titer, 109 g/L) [69-70]
metabolic transcriptomics
engineering Proteomics E. coli Sesquiterpene 13-folds (titer, >500 mg/L) [71]
targets Proteomics+PCA E. coli Limonene 140% (titer) [72]
identification Proteomics+ E. coli Polyphenol pinosylvin 12.2-folds (titer) [73]
metabolomics
Metabolic flux Transcriptomics+in  E. coli 6-deoxyerythronolide 13-folds (titer, 210 mg/L) [74]
optimization silico flux modelling (6dEB)
Metabolomics E. coli 1-butanol 122% (titer, 18 g/L) [75]
Fluxome Corynebacterium  Lysine 160% (yield, 0.24 mol/mol) [79]
glutamicum
Fluxome Basfia Succinate 144% (yield, 2.5 mol/mol) [77]
succiniciproducens
Stress tolerance ~ Genomics E. coli Isopropanol Improve isopropanol tolerance [84]
improvement transcriptomics
Transcriptomics C. glutamicum Succinate 138% (titer, 152 g/L) [86]
Proteomics+ E. coli 3-hydroxypropionate 12-folds (titer, 39 g/L) [87]
metabolomics (3HP)
Carbon utilization Transcriptomics Penicillium Arabinose 1450-folds [89]
chrysogenum
Metabolome C. glutamicum Arabinose [90]
Bioprocess optimization
Gaussian-model E. coli Flavan-3-ols 165% (titer, 40.7 mg/L) [91]
Artificial neural Debaryomyces Xylitol [92]
network models nepalensis
Fluxome Ashbya gossypii Riboflavin 145% (titer, 18 g/L) [93]
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213 EFAHENBGER QST

A 3 A8 v BR Y A A e B 2R T ik
T oG . A TR, AR T
ST A A B0 R R ABE 1Y) ST i 328 oA ke ARG IO
H, AP SR W A TR PR A S R A AR
AN, F T 45 2l 2 S A G 43 A W ARy
A4 R DR 2 FUASE  h IARC IO 5 ) A A5 TR it

Ll 5 4 2 S e BRA IS0 A0 A 25 SR s o BRIl
A4 VR Y P A 6 TR A1 45 H A e AL A M T e
MR ey R 2 TR R A 0 1B Ak T Pk =2 TR i 22
5, RITERR 15 8 1 p Mg e BE DR AT e AT A
MR S R 2 Steiger 25 U0V o J5 (K] 20 42 48
1 77 2L A& BT AR (] B9 A7 46 TR B 3 4R 1 G Y ik
B, FIH Tet-on BRIk RGOk £k ixk iz i
HJa, AR rY ™ 8 K Wbk T 5 %
Redding-Johanson 45 VX 356 456 5 )3 10 ) - e %
(Selected-reaction monitoring-Mass spectrometry,
SRM-MS) X5 M (Amorpha-4,11-diene) 19
KRIGHTF R LR R AT B E A BRA D, KW
K U5 T R B Y B O B2 B (Mevalonate
kinase , MK) 5 % iz B % 1% R ¥ % (Phospho-
mevalonate kinase, PMK) #] B &2 il b AR 14
R IRE T . Ed X MK 5 PMK #2151
AL 55005 R e, AR mi i i 4 & 3 4,
5% 500 mg/L VA k.

T35k, PCA F3 s j2 & AR Y S A 20y
. Alonso-Gutierrez 2%} 27 A~ HLAG R Ry
a7 s R R RS 9 A H R IR G Bl G B g
BB [ o 2 1 B R 21T PCA 3T, BE5E
= AR TR R AR ALY OGP ROk
BERGRYRIR)E , ArBE B R S 40%.

2 2F R 3 A T T R BRI IS e 1 45
i BN, ZMRN R B AR S
PUEBEBIEYE, T8 0 CoA B TR AT,
BAMNER IR B E  (Cerulenin) SRR, {HIH
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fe KPS A A2 7 o S A BT LRI AL, Xu
SEUSIEAT 2 1 R 2 S AT 0T, & B P9 5 7k
FF TN T CoA 55 M N 2R 1 1 N AR DG HK
P23 M7 & W 4-75 TR CoA 4% (4-coumarate-
CoAligase, 4CL) &R (Stilbene synthase,
STS) N kA5 I P25 , X AT RE R v W 1 2= 410
Tl AR A 2R G LR OCHE . ¥ STS N Btk 5d
Lys113 5 Lys161 5878 Jpbh 24 iR , ik S 79 — ik
J&, SRART PR AT 2 B K N BE CoA, 4R
AR aIE S T 2.2 5. B Ar L, TEmRIX
THeE AN BRSO [R5 K R BR
il PR 3R 2 B R )
2.1.4 RsEMmk

R PR A S T A, 45 2 A S
2 AT A I 5 455 750 4 e R AR R A2 1 Ak
A RAEE BOE R VER, 2 R B A
IR E (ST

Meng 25405 3ot 5% S 20 5 ARV MR f) e
gy M, SR AE 6- A JR B BR N R B (6-
deoxyerythronolide B, 6dEB) 5 il H A [a) {5
PR . AT IE A 55 AL B R IO R A2 S A% T IR
R BT 25 NI, B 6dEB 4™,
SR RERA I s g w7 3%, i5%] 210 mg/L.
EASTE R, AN R 27 5 A B T 45 51 ] BB 23
FETEZE S, OANTE LA st b e B BRI i (A
TEACH AR T REFOI R . X HRIRFRATTHE 5%
ZH B0 S e ) SR M N R TR A R AR, SR
WACHPIRA, (HIFARRE B RACHIKT .

A 23 B T Re 8 A B TR UL AR A AR
L4 A1 . Ohtake 25051 FH B 1 K I T 1 vk 5
i 3 TR AR ) LA AR A 2 B, R BB pta iR
RIE2s5 1 CoA R A, 1M | e HAb R ™ Py
MR 5 T R AR A A B, #F— 20 i R £ B
Ji U AdhE2 Frfitfb i T Bt CoA FIE TR G
B i BRI RT RE R PR 2P R . 3 i 4 I A
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AdhE2 KRB RGN, $Em N CoA KI5,
2 BRI P A B, S A SR AT I T Y
IE TR =R T 22%, 153 18.3 g/L.

BC-[A 7 Z FRic AR 20 7 T A R S
R 45 ML A A P C- [l 2 38 43 195
B, I T HIE A N 5 AL T B
BN Sy J2 o BB S W P L S AR 2 Y 4H 2% 40 B
TH, WA TV 248 [F I ol A4 7 AR Y
WIS EGE R, Lo 205 F R 6 ZhRic AL
WS CC B AMTARGS &, LB T SRk
B AL 5 7 T bk DS03043 FIEF A= 7 CBS 513.88
PRI 22 5 . BIFRE R IRAE = 7 T Ak, ATP/AMP
B HE R i, U R ATP I T %8 25 4 -6- i R S+
oy T P % e e e O o 2 b O ) SR AL B R Th i AR
T3 TCA TG BRI I , AT AR 1 anAT AR
SRR AR R . FN Lange 20
F GC-MS 1y C-RBHA /M T 7= BE AR L0 K T
Basfia succiniciproducens Jitd PN b\ Bl 31 B2 FA TR A9
P . XS 460 FHACHH Y RO R oA ks
Wy, dERRE R T e b o E R, R
B FBEFG RbsK 2 5 2 M 73 = Py Sk
R LG L. WA X PTS #i A b iz R4 H FruA
15510 5 S RbsK 581k, FTA ZUR#AIK PTS
R a AR AR R , TR KRR &y 1 3R FHmR iy 5%
1%, Ak k%] 2.5 mol/mol, 4%iT 3 mol/mol
WFRE AR . 541, Yang 201k B HI LB AR O
EEWEEE R AL (Methylerythritol phosphate pathway,
MEP) 5 H LR #&1E (Mevalonate pathway,
MVA) P~ A2 10 A If e 63k, AR s Rk
i T 1 K N 7R S RN R s ek 7Y =
20 fi5H1 3 5. HE—FI A PCRBHR AT, KL
PIRAR Pl Rk, Wl MEP &7 5 MVA ik
AT a o 3G 5 4.8 5 1.5 4%, RWIL )5 1Y
S ATP 25 78 PR i 42 i ] - A7 vl B2 224
FH o PR AR B B[R] 4 AT {6 SR A T4 7 S I 0
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By ik F 24 g/, HiA B L2155 0.267 9/g.

T3 — A FI AL 3 B 09 B h - 02 43 T
PEAT B DL H B ok A e il iR H e
B — AR sk R ) E sy . PR R B,
Y PLH R B0 IR, Bk 2 U 1) W TR A i A
B2 IR 2 A Ak, fff NADPH myfit2h
JEEANE o WY UGHE AR N A SRR 0 S
PR T BORR A, DA T MG I R O iR A 1Y
R, (HEMEFSOERBAR . T b,
Wi RIES HEEEMRIER T NADP-AK R 1 H
T I AU ok 32 i NADPH b 5 pg ks, mlish
ff g TR S RSN R A TR) R
215 HMTT i ZMmEA

Yt M T R L el BRI v T A P Y
it 37 PR 1 24 Tolk & bR RESR THW E ZE N K .
SR 7 g 07 AL ) B8 M AL v b, D) T ek
AH IV B TR I R 2% it T Ty X A i B o3l T T R
T2 PR, Hetn, 35 R B R B KA
AT LA N AN MRS, S T o 24 RS Y o A
TSGR M. XX —a] ] F1]H
Y R B AR 2 i, 0 3 0k 2 i R i 2 Mt
SR 5 ARG S, SN A R b IR T LR
5 T2 % A0 AR T T PR A B 5 . A Y R T B 23 i
TSN R T & R AN )Y (Unfolded protein
response, UPR) i1 8 1 B A iR &
Rt ad ik o FHEAR d 2 5w A O =X L Ande
K FF 3 BN i TR AR T ok Rk AR R
GroESL AJ S 2 $i i 1F T B4 (it 3z 3220 pn
Zhu 2035 P40 - KL L WEINTR  (5-aminolevulinic
acid, 5-ALA) FFZSLMZY) iR Bl oy BT
PR AR S A O 2L, o 3k 3 A AL A i KatG/KatE
SR A LY LS SodA/SodB/SodC 45 AT 45 41 5%
fifR SR AL N, B R R R AT A7 4 JE 1 5 5-ALA 1
Jra S E B B AN HEER 1 40 RND AhHESE
8¢ R ) R S T MetR 5 SoxS 11 2k it A B
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TP v R AT A2 1

2T 52 AR AL ] AT B, DU A) R E )
LR R A mE R i S AR A0 S AR AR i 52 M
BERFGWER. AR5, R AT Bok
R IG5 M52 i 09 3 AL, PR e R A
PR R 9 B TR0 5, A T 52 M A DR 2 1 )
PR, Hn S T R A A — R R, S
2 M A K R AR 5 . Horinouchi 218405 1 75 5
NS ) 260 R I T AT @ P AL, 4R
T PEIR TR R . A B AR AL, S
relA. marC. proQ. yfgO 5 rraA L[ [R5 ]
AT e SR, 2D A H A s 4y
B, RIEIFERR G S 2 RS ER LA
B B A 45 S 32 PE AT 5 . Wang 25O 2L 4
LW oTrF DnaQ 5878 (Al B i 3% 22 i A H R
(Genome replication engineering assisted continuous
evolution, GREACE) 4 K iz FT B 75 Mt 2 R 2% i &
BEW D 1 AT T AL, AR TR R
F PRI TE R RS3, Ho 2 IR )™ it vl 1A 3] 155 g/L,
Hoh & ERE MU-1 #8271 14.8%, i —2 i Heds
BRI S EACAR Hr, K RS3
SpeB. AtpB 5 SecY SFIE A MR AE, AIREAT B
T 1 20 B S e g 9 i R 2 R S B Pl T o

BEAR ™ i R 2R 20 40 7 A — W R T
AT R i) TR AR A I 1 RE R AN TSR T o IS 2 iR
FETE R B AE 77 BREATR NS, BEIAMR AW R R 23
ST AT ) A 2 A SR L 3 e LA R BE R R A
7. Chung Z£POFIFHILTF DNA G5 9% 5443
Mrk A BRFAIR R, FRis A2 5 5 s i 45
MBI KRB R A Bl i Rk — R 5
T U £ B DRI AT o A A WA R, (Hd Rk
L AR SC RS AR 7 T e k. SR, bR
IRFESERF NCgl0275 AT 42 g 2 i iyt , IR
BEIAR AR PR KRR = 38%, Pk 152 g/L., Y 4b,
AT S A P RS W T o B R
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B E 40 (Q-cell, quiescent cell), k¥R
Q-cell JHFAYACHHAF: i 2 1. Q-cell Hiff
T ARSI AL, AT RA AR, (A
R AT 1 o JE A U XTI E R AR T S
F Q-cell MM, LKIMAmISS, K
M) 13 2B A8 2 K B R . X R ) R
e Q-cell M2 JfL P A A e iy o A1) X A A it
RAHIE M L ME CoA 5 il 18 s 1t =X P9 1 7 7 AR
R, ATIREhFRILAER (3-hydroxypropionate, 3HP)
MG R, i 3HP M~ dim 2 f%, 55399/
2.1.6 AT BRIFF B

EAT, w070 R A 2 Tl A e i 32 %
el . (HFEE R L X, 22 rEr Ak
FRRR R QRS FF 21 4 R LA K H B 5 W IR 4 — ki 2F
st B R AL A B R o 5 TR T 52 1 4 T )
TS AHAL, A ISR FH T Akt AT ol 3
HEAL R T AR ARAR , SR S B 2 A A BORk 53
B AERR IR T A GBI . LA Tuyishime 259
I 1 P A R R A R A 2R S SR T
R, 25 F B A TR 2H Y 5 i A B Y
NAD"/NADH . FF it i) W e 5 7 32 462 2 5% W P et
FIR B O 2R . TERRIEFI T, R is 2
B S0 K 2 Bracher 25 B9 Y L s 20 43
W7 s R w AR . FHLERE S 2 mE 3 FioR
[R5 TR SRR Rk 22 57, # ih 5 TS AE
W BT RAABE G E B 1, WAL 3G uE & B, PcAraT 1]
RN EE T GAL2 Bydkk, JF ]k — 254w BT
AR SR . B T iZEE s A m R
5 —Me . TS A AT DR A e B T 1R SR
S, A BT A YR T B R

AR ZH 53 -t 7E B IR T A I A v & 4 i
1 i - Kawaguchi 251 I A CBHE 0T T8 &
PR AT B X 8 2 0 -5 BT R o e AR R . 5 22
AR —FE, A Z RS F T U A7 1 7 2 0 4000 1 24
B, SRS A0, T B R AERE ) A
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PR 3 A i B T s e e PR T R 5 1 ) 2 7
RSB AR BT R FH 1 S 5t 2o 3 35 1R T 7 3
Joi, AR EAT R 0T [R] A R R A B S BT A A
JEHIE Y R BT HAFOBE I ) 4% S [ F AraR B, AT
P = BT R o 31X — BRI A S R AT B T
PATE PTS RGAFAE T [RlBFIFH COBE -5 508

22 ETEZEMFT AR ILEX
221 Tl EEETZiMM

22 24 2 B B DR 28 FASE %) A it Do 28 A5 7 B 7 T
PRI BT Bt Hh A& 5 O B SRR AL, 7R
Tl e AR A r -t 75 30 0

RS TR . pH. R S IRY#b
REEFEHARIE H AR ™ b & Ik Re Y B Z i R 2, £ X
FEE 0 Tl T bR, AEAE TR A R W 120 LUK 3]
AR R BEERE . BT R BRI R S 2k, T 240
7k SRCA RN T & B AL . Jones 201
I 5 A 5K 2 7Y = BT A A (Empirically-derived
scaled-Gaussian model) X & JIi #F i L 1% 55 T 19
B e Rt R AT S04 . E A RN
FelulH (Least squares regression) X 21 S5k tT
A, RS FRZE A AL an BRI R IE FLRE . ik
VA B JRLRE 75 S AsF 1A LA K B L 945 K B S R
VIR B L w2y i i ke (Flavan-3-ols) 19 &
E 25 o R FZBE R R 250, AT e be i)™ i
P 65%, A% 40.7 mg/L, JEEARE KEERY 970 5.
FHAN, LI KA (Artificial neural network
models, ANN) o2& B R sh &0 5L E
)7k, Pappu FEPAFIH ANN BIHILL 339 4508
B NG, RRGVHL T AT pH. RESH
SRS ZR A R £ Debaryomyces nepalensi
A BHEEAE 7 52 o

A 23 B 7] Sz e it Py B ARIPIR A, BRTE
RfcE b, ek BE T 200 d gl AR A .
Schwechheimer %1% H] GC/MS . LC/IMS 5
1D-/2D-NMR 25 Z B 5% S5 G i 5 12 B gk
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T A BT & 4% %5 Ashbya gossypii 75 4F K 5 4E4: % B2
SERG R PR SRR I Be R i AR g e 4y
i, ABECE TR R AR . BERE R IR,
FE R 114 15 S o A8 1k 7T BB AZ B R A v 3 AR
WS 2T o> BN In /b 5 R 5 22 2 e 1) A
5 =X D) A fige e — i DR I R A 5 AN R Y ),
ZOEAT NN TR . 22 RS R AT (A A
R A S 45%.
222 TlLEBEITZBK

FE Tl R B R, & Tl i 1 i R 2
e H EERIIANT . QT RO S50 5 R OR 3]
Tl SEBRAE PR, R ER Bk . ol K
MRS AR, FE BT R B . A
F 47 BB HE AT RE 2 T UL BUAG F AL AN —
{26 0 A0 B T A P BRI A5 Ak, IS
MR WAL R pH & CO, %, RAS
YR AR S E T HRNARY —, B
JLE 2% 1 2 e 1 5 A AR AL

BEXTIX—[A), R L FE () 2 4122 B o i
AR RE A AR 00 2 5 20 AR 3 ) 2 0 43 B vl g
A A e S i ) [ — 4 T A
AN R RS L LA 24 #r, T R H
GO v 1 5 0 T % TR 5 O 2 R A G
A, A B TR R S ), 5 b
B XF ) — e R i ) 45 A S B 1 B i I
R T T A B TN R AE & T A A b 2 B Y
G NG = o Gl 5 ) P A L P 1 B O A
T3 BT AL S ARG AN 7] & P RIS v 248 35 2 Ak
AT B . de Jonge 2SR FH 1A] Bt A R MR
TH CCACEIR A A I, b TR
B 8 R R S B R 7 R S YL AT
FIAEAY, , & BN TR S5 A2 T A 0 L P Qi g e B
B 100 FE A Ak o X B Tolk R O R, i dh:
e R IR L G A Y — Ak, 235 DR SR i iR 5
20 AR R 20 AE A, 3R] R S BB RS HE LA
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7S R I S P NP TN NI R s o N
(Computational fluid dynamics, CFD)tHJ& Tl A []
KRB 1 & A A Ak AT 1 TP, Al ik
Xof & TRETHE A 1) A% % 5 4% o0 55 A ] 23 28010 2l 25 AR 4D
R R IRAE K W 1 254 5 R O BR AP B

3 KE&EHRE

B L DNA AR 5 B H AR R R
O 2 R R LU A I 2% B R, R
G5 M WA T A R R B TR o s 5 ok T A
Ak R 7 Bk M VR . S5 R 2 Tk
e H s A TR 4 R D9800 PR A A
AR R 5 B PESEAL , ZR G B e SR R
b o 240 T ek S R AL (P 1)

TEANL T MBS, &4z 24
2 R A 3T 5 5 DR 2 JUREE F) A 0 O 248 5 TR 2
R EEDFIEIT 0 F A SRR S AE
SRR LW 4, AT R WA R T X R )
TEFER AT | e SR . BRI . BRI A
5 AR A AR 2 AR, I TR
PR 5 05 BT 4RI TR IR, R
TE 5 2 KR = Wy i N T4 B b HL A R 1 4
L2 A, AR R R R 20 B
X S B B R A0 I T R S A
EE I

76T R R AR, I R G LE W21
TR S TE FE AT IR Tl % 188 2o 5 opy Tl
AN A B A Al . 45 2R R S — 2 0
K T BB L % S T 4 A 5 g 2 e g
BT, UL AR B EN W . A TR
BRI REOAR T R, IFSE S5k
TR AAL A AW
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