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human protein. As an important component of the connective tissue and extracellular matrix,
collagen is essential for maintaining physiological functions and repairing injuries and has
important applications in the fields of medicine, food, and beauty. The main methods for producing
collagen are natural extraction, chemical synthesis, and biosynthesis. Natural extraction from
animal connective tissue has ethical issues, unstable quality, and infectious disease risks. Chemical
synthesis is costly and it is not easy to synthesize complex collagen structures. Biosynthesis
enables the production of recombinant collagen for different purposes by genetic engineering in a
more controllable, safer, and more precise manner. However, due to the complex structure of
collagen, its biosynthesis depends on specific molecular chaperones and modifying enzymes, and
thus the production of recombinant collagen is challenging. In addition, different types of collagen
need to form particular tissue structures, such as fibril, reticular, or transmembrane structures,
which further increases the difficulty of production. This article clarifies the multifunctionality of
recombinant human collagen, reviews the latest progress and challenges in its biosynthesis, and
looks forward to future development directions. This review aims to help researchers, engineers,
and industry practitioners understand the research trends of recombinant collagen and promote its
further development and commercialization in different application fields.

Keywords: collagen; recombinant collagen; function; biosynthesis

s FE LY b A R EA T, 8L, NIRRT AL FE A KU, ELAE ™ i
HARERFEER 13, R4 HNATRER  BEMRE ., i, AT, SR

() &5 # 2 M. 1E S 40 Ah 3 IR (extracellular
matrix, ECM) ) = ZEpi 53, I 88 11 7E 45 +5 41
M. LU E B E 5 A D e A ik
KR EEERHY, HEmoh &, BRI
BREEH Gly-X-Y (X, Y NBk Gly #MAAT & & FE
PR 5k 3% —HRIA T M AL, E X MIHER, Y
R PRI E R B R R, X 2 AN E LR 2 Sk
o352 5 KB ) ST Y, A RS 1E
WA D), REANIRIE YT 3 S Z00E a-fkdE4]
B, B i — B IR e 4t 4

U5 IR A 3 ORI TR 2R Bh ) Mt
FEsh, ST HAE AR EZ YR, A
Jig I B 1 A T AR B 2 8 s 5 A T3z R A
Bo SR, ABHE0REIR A FH AE 7 ik (nsh iy 42
B AEA T WK . A S &, R,
AR, BRI A B T R 4R
Mo BRI R 5 N T REORTE R
FF 18 (Escherichia coli), TERE . i ZL 30 %) 41 j
F A A A 1E R AR b A L, AR Sh P 2

>4 actamicro@im.ac.cn, 7 010-64807516

JREHAE e B 5 KRR IFEH AL, EEH
TR FHERR Gk SO A 512 1Y
B, Ak, SRR H AT e R P EE A
R BRIk B ] A A5 TS TR 3 it
JEM, AL, SRR AL T LA R
DR R M I EE F, LA R B o 0 A ) R A
o e R A TR, XA RO S
AR SCKE e AR F A28 . A B A
FHAE, EERNHIIBERF AN S0, fie)m 5
ST AT B B9 IR I R A A A R R
PR, JFxr E 4 s E 8" ol B S AT
JRH

| BRREEMEH. KR
o
WA e — R EF AR E 5T, BT

NI EEEEH L, FEEAFET RK . R FIH
bl fly TR A AR A T R T



RIS 55 | BUEYEAR, 2025, 65(5)

1941

EH, HiteRF2EwkhREEraT
Zz—Bl,
1.1 RIFEZERBLEM

JE I I — SRR S T URAE 20 HHEAD 50 4F4C
T o I R B I ST A ) X SRR AT B Rk
R, AR 5 R B 2 A IR RRAE
() H&EmES 3 NEkIEP 1 MERES W
(Gly-X-Y) 555 (2) KR ERIEL(L) 20%) /2 2
MR IMARR AR, W T XA 45
Hefp, R H =B R A T LR T A
VEFH, M BT b4 A 1 rhocs il 5 2 g 24
DB o B B RN R AR, B, Ak
al X)HEF a3(VDEE/ I 662-3 152 P2 B iR
AL ARITON R DR A A R A T
BHAE I 18 L 15 e Dt 2 1 — MR BE 45 M 1 AR
EPENT
1.2 REEBXKK

Ji2 JER B P 2R — L AS ) B 40 A 35 S5 4y
T, AT R R A A 1 R A [
ZikyonRmB R E— &S, mFE 1 PR, Hau
BV N AFAE 29 FloAS ) A4 fig J 2 1 Al 01
02 5 2 ) i 24 B 1 R B S, AR HESD
Y D B8 s (I-XXVID, BT H7EA
[ AR LIEE R, R AR R A RS, —Fogr
T 7 58 DA F P R I I 1 XX, (|
COL29A1 H: P L 4% 1E Bl 5 COL6AS K AH[A],
H. ol (XXIX) 80 I T o5(VDEERY, e J5E %
RN ERIEAFAE T 2 ZREPE . A — 2R AU i i R
HAFEZ A TR, flhn, 1V B R & A A
VI B SRR 45 A AR AR A 401 I 732, i
Gh, A SRR TR 2 BN R 2R A
9 S I A Y o R B, X SR A TR RN
YRAWARL”, Fan, v RV XT AU i A e
FaXFRA WA, 2 R s R A
TARRIE R al IX)EEM a(XVIEE, AL
BN S 2 ol (D), o2(VI). a3(VI), al(VID),
al(XID). al(XI). al(XIV). al(XIX). al(XXV)

Al (XX VI A 24~ [ R A7 A, it HLAK
JEL AR AT LR Sl HE A 20 45 R 4 2 ik — 2B Al o)
NEA WG,

1.3 REEBSH

S B B 2T A PR BB 1 T, XA IX B
FE SRR T TR L (s B9 R JECER 1 1A T
(B2 R A BRI 86 1 TRV 4LR), ezl sh)
ML, BRI A R s B2 U (80%),
TR B2 IR(70%) . B #4(25%)F1 5K (20%) 156,

IR AT Y R TE  EAE U PR AR 2112 5T,
{ELEF 4E TV 100 b 25 B 1 67 853 o oA B e BT,
TENUEE B fer, BIREF 4P ik AR — &
SIS X2 v, R AP R TP 2, A
A SRR IR NI MRSV SRl EE P 24 8 N ]
KB REFEh A N AT GE S, SR EZ
PR ) 2F 2 A2 KPS A, AT 4R Y AR
AR AETEANN N, FRE LA P TR S AT
HEFE AR T v R B AR ) 5 A 24 (Golgi to
plasma membrane carriers, GPC), X & A& K H:
FAR 28 nm BYLFAERLE (37 51 2 iR % 1
(previously unidentified plasma membrane, PM) %&
i, XSGR S WU RN P47 96 58 Hh B 40 i = 18]
(A A, R AR B 4 AT LA
ik AR ) FH 3 8 55 R SRR DR AR S, el aod
A FUE ™ RYG(AAREERE . 4l . WELsh
AN B YRS, ] DO A e
EHFHIE N T A4k g1,

B e 2 5 MR B 1 2 E A
Br, GRS E . Al A PR it DL
3 A G 2 D B AT AN P 2R R R,
S5 ZMALRIE R, WU . B B
PR A ST A £ A R IR R A A S
SRE AN i - B e S i Pu A A D
T . JEARFNHLAE BE (A0 B IR A B i B2
A A )k R HEL A/ TR, AR
A AXFHLU S B S B fln, iR
JEAR A IX AE G HOE T i LU 1%,
IR A 1 VI XS Rk i e S i o B2, (R

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



1942

XIA Huanghui et al. | Acta Microbiologica Sinica, 2025, 65(5)

R REZEAMEE, 24, TRERFTHEE""?

Table 1 Collagen type, distribution, subunit composition, and function!'*!-2"
Type Distribution Subunit composition Function
I Skin, bones, tendons, al[I],a2[I] Mutations can lead to osteoporosis, tooth deformities, bluish
cornea, organs, and blood sclera, thinning skin, weak tendons, and hearing loss. It binds to
vessels bone morphogenetic protein-2 and transforming growth factor P,
promoting cartilage development
II Cartilage ol[II]; Binds to bone morphogenetic protein-2 and transforming factor P,
which promotes the development of cartilage
11 Reticular fibers, blood ol [II]; Mutations in this gene cause Ehler-Danlos syndrome
vessels, skin, uterus, and
intestines
v Basement membrane and  al[IV],a2[IV] Support structure of cells and tissues, inhibit angiogenesis and
capillaries o3[IV]ed4[IV] tumor growth
aS[IV]a5[IV],a6[1V]
\% Cells, bones, skin, al[V]s, al[V],02[V], Neural development and regeneration, mutations in which cause
placenta, cornea, and hair al[V]o2[V]a3[V] Ehler-Danlos syndrome
VI Skin, bones, blood ol[VI]a2[VI]a3[VI], Support structure of cells and tissues, muscle function
vessels, cartilage, and ol [VI]a2[VI]ad[VI]
cornea
VIL Mucous membranes, ol[VII],a2[VII] Mutations in which cause epidermolysis bullosa
bladder, skin, amniotic
fluid, and umbilical cord
VIII Heart, skin, kidneys, ol [VII];, 02[ VIII]5, Serves as a support structure for cells and tissues
brain, bones, blood al[VIII],o2[VIII]
vessels, and cartilage
IX Cornea, cartilage ol[IX]a2[IX]a3[IX] Maintain the integrity and stability of the extracellular matrix and
regulate the formation process of collagen
X Cartilage aol[X]s Acts as a support structure for cells and tissues, promoting
cartilage development
XI Cartilage and ol [XT]a2[XT]a3[XI] Promote cartilage development
intervertebral disc
XII Cartilage, skin, tendons ol[XII]3 Maintain the integrity and stability of the extracellular matrix and
tissues, and regulate the formation of collagen
XIII Skeletal muscle, eyes, ol [XIIT]5 Transmembrane collagen associated with neuromuscular junction
heart, endothelial cells, development
and skin
X1V Blood vessels, nerves, al[XIV]s Maintain the integrity and stability of the extracellular matrix and
eyes, bones, tendons, tissues, and regulate the formation of collagen
cartilage, and skin
XV Capillaries, heart, al[XV]; Inhibits angiogenesis and tumor growth
ovaries, skin, testicles,
kidneys, and placenta
XVI Skin, heart, smooth al[XVI]; Maintain the integrity and stability of the extracellular matrix and
muscle, and kidneys regulate the formation process of collagen
(144
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(E=3))
Type Distribution Subunit composition Function
XVII  Skin ol[XVII]; Mutations in this gene cause epidermolysis bullosa, inhibit
angiogenesis and tumor growth, signaling molecule receptors, and
maintain kidney morphology
XVIII  Kidneys, liver, and lungs  al[XVIII]; Mutations in this gene cause epidermolysis bullosa, inhibit
angiogenesis and tumor growth, signaling molecule receptors, and
maintain kidney morphology
XIX Skin, liver, kidneys, ol [XIX]3 Regulates the collagen formation process
spleen, placenta, and
prostate
XX Corneal epithelium ol[XX]; Maintain the integrity and stability of the extracellular matrix and
regulate the formation process of collagen
XXI Stomach, heart, kidneys, ol[XXI]3 Extracellular matrix component of the blood vessel wall, secreted
placenta, skeletal muscle, by smooth muscle cells
and blood vessels
XXII  Organizational ol [XXII]; Structurally and functionally independent aggregates of cartilage
connections matrix that are integrated with the extracellular matrix of cartilage
fibers
XXIII  Metastatic carcinoma ol [XXIIT]5 Essential for tissue proliferation, key structure of the extracellular
cells matrix
XXIV  Bones and cornea ol [XXIV]; Participates in the formation of bones, bone mineralization and
regulation of bone homeostasis
XXV  Eyes, heart, brain, and al[XXV]s Plays a role in neuromuscular development and cancer metastasis
testicles and has been implicated in Alzheimer’s disease
XXVI  Testicles and ovaries ol [XXVI]3 Associated with thyroid cancer
XXVII Cartilage, dermis, cornea, al[XXVII]; Involved in notochord morphogenesis, vertebral mineralization,
retina, and heart arteries and post-embryonic axial growth
XXVIII Renal tubular epithelial ol [XXVIII]; Associated with kidney disease
cells
XXIX  Skin, lungs, stomach, and al[XXIX]; Plays an important role in epidermal integrity and function
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Table 2  Yield of different collagen recombinant expression systems

REFRS BT R 115 TSR 1k K F B0k
Expression system Recombinant collagen types Recombinant collagen expression level (g/L) References
TR R FT 1) FHRAL I F A 1 Hydroxylated collagen 0.80 [90]
Bacteria (E. coli) AR TRE 58 1 Human type 1 collagen 0.50 [91]
NZK TR 4 I Human type I collagen 1.43 [92]
AR5 4R F Human type I collagen 1.88 [93]
EAZ A (WL LI IR B 1 Type 1, 11, 1T collagen 0.20-0.60 [94]
Eukaryotic cells TRLiE SR 1 Type 1 collagen 0.50 [95]
(yeast) EEIN /IS 450 [96]
Recombinant human collagen
IR J5L 26 [ Type I collagen 0.70 [97]
AZE AU )58 - Human type 111 collagen  8.00 [98]
I Y12 57 4K 14 Type 11 collagen 0.20 [99]
HEYIHED) 1 BUJIE I35 1 Type 1 collagen 20.00 [100]
Plant (Tobacco)
. 1 Insect 11 754 Ji J5U2E 1 Type 11 collagen 0.05 [101]
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Figure 2 Mechanism of collagen synthesis.
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TE AT PR AL A, 35 B AE iU iR 4
IR IR = DIRerE, JoHk A4 T
A 2R NS, B U, S 4 1R 43
SRR A () = A SR R i 4 & DL ZEFF
HIjge, A% R S8 By 3 S B AR
3 H TCHR Rk — R, BRI, Yu RS
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FEW, K T v 2 0k T 20 i B A 1 A A o e =
FRIAL, ELHE T A AR R R S A = MR A IR AR
HZ5H . DI — A, —Fha] 7 B SR s
SIA p4h FE R KA G e i 88 1 58 RR AR 1 g i
R R T R, DT 48 i 2 M e M
Liu ZEUV 8 BF 5% 30 52 4k 98 2F 70 4T B (Bacillus
anthracis) I I 2 BE-4-F2 AL G (PAH) I FE 3 Ak e i
1(63.6%), JfXFHAE 5 L A B 34T e eh
KRB, A5 T8N 0.8 g/L WAL IR HE
Fio XA FE 78 KB AT o b R sk 1 &
HENFEN, FHEEIRE] 500 mg/L.

AN IR, B2 38 24 0 BIR JS B (an
T B Y T A ) A R R 9 RS A T
2 FHUR IR 78 KA 2k LB TE Pk
TR HAEEZ . & e EA S TI6E .
B, kT 4 s 4 DR AR (A AR K T 1 R )
FEIR T MINRENE , 98 & 1535 1 JF & o etk
M RKBITHRFRIERG, XERFEREENEN
BEEOINT. . REERIERRIE N, T H & H g
(RIS B RE ), ST EAZ AR B i BL
i, FUCHR R R A e A, It
WA LS AT RE 0 S8 B . BLAh, R
(dissolved oxygen, DO)E& KT 2 % FE & 1o aek
BRI — A AN R, ARAKTEAEY, &
XoF TR A A A A 7 A T e, T | H
= 4 ) AR RIS A i TR R 1 A kA
e, AR B RERE S 4 4 F
BRNR S AW E . Kb, < EwWIAR
JEXHAEUK R ok i A R

I AR S 2OL 1o YR AP T s R
R TERHER) DO 43 BIERI R 10% . 20% . 30% Al
40%, SLEREEHFEI, 24 DO N 20% B, 405
AR SYN R = I V7 =1 L B |
83.9 g/L Fil 13.4 g/L, HACHEI "W MRk T #%
Ko FEAR L A A 5% et A28 B A 5111
JiE IR A S A TR I E R S, PR
T ERGFFE A, AT 54 A K
W EHESE L R e L OB T R P
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ST AT T Ok sl A iR UK
o, JPRHE PR AR EETE 600—1 400 r/min YL [F
W, B0 T ERAERIG IR, BT 4
BN 1% BEA R TR A K, i
SR, RIS T R R R R RRE
Fik, WLGRMEIB IR T BEAN 29.4%:
i WP TR RALAL R 1 hCOL1AT %
T —FhE AR R, IR LB KT
W BL21(DE3) i fr ki, Hi/NMrriz %
ﬁﬂ%/ﬁﬁﬁﬁ(small ubiquitin-like modifier, SUMO) HI
6xHis FR2sfl4 5] hCOLIAL fY N AKifi; SCEHY
FE T 25 °CHFFIRE AN 0.4 mmol/L 57 3-B-D-fi
RAEFLBE (isopropyl B-D-1-thiogalactopyranoside,
IPTG)WE B i A5 7 451, 76 5 L KRB 3R
BT 143 gL MEA R, Xie HEPEHT—4
DrRetE N 1 B 8 1 e Be thLCOLL,  Jf 7
K W ¥F i BL21(DE3) PlysS Hr (i ] #4755 ki
pBV-rhLCOL-I #47K ik, W45 R BoR, 1
42 °C4AE T, rhLCOL-I 3Rkl ik 8 B M
1 36.3%, HUIWEMHIERETE; 167 L KlEd:
Ferfr, 4l thLCOLI = H 1.88 g/L.
3.3 EAEREZEHAERESFHRIEA

B BRAE R LA AR, HLAS X4 Wb 1) B 41 2R
T 2R E e R At Sohanie sk
INRGAH L, PRk ) T 2L B AN 0 R
AW, SRR IR AR BARIR DT AE AR R i R
HAAE R, HIH AR A & 5>,
Har, C&IFR T MR N E ENERE R
45, WNEEIREERE(Pichia pastoris) . 1L hEERE R
Wl AR X e R g, SRR L
12 0 I AR S5 By e e R e R RR IS . S
Tl BEAR L, 52 R I BEAE Sh F RS FR A R )
RN 6 B 21 Ji JE 2 11 1 B3 R I 100 T v e R
W Z AR SRRAE , BIANA ROE B s
FIREFEAL DA S AR ol 2 K A AR ) st A 70,
X LR £ iR i RE A AR P T2 R A T
A BEFENRSE, A TFRARL TRt
FrfssE M

BT R T R T B D AR AR 4 A
PR B0 85 I 2 0 T T PR 1% iR e B
TREET, PrsmEARFEE ARSI T
SR ERR A A, I RPN, &
LT PERAE 0.2-0.6 g/L 22 [a] 1 7K P43
538 A5 PO S T A 2 K M Gly-X-Y R
[INE SR IR 7 I S R NE S (iR = L)
Gly-X-Y EEEJTH, a7 EEaREErE TR, %
ARG INFIR T RABRE T, ;T 4.5 g/L
ik, Fang T d sy T NS T Y i
HHNEEERBERS, JF D 7E e o8 BBk
GS115 M3k i F ik 96.3 kDa [ FMJE
1 thCOL3A1, WG~ #=2°h 0.7 mg/mL.
H FAAAEsR 5 SPERE A (LS 1 (aldehyde oxidase 1,
AOX)JF B+, 600 ZF 4 & HTE P. pastoris
RS AR S, PR IR BT R 2
Z g BT RPN o EE IR P 2 8 A AR ) O A
Z— I W B T E AL R o U R
OS5 L R Bk rh b AT e R e R R AN
T Y8 JR 2 R A 7= S, o H RS 2 o Bt
by AT 38 4 B O, W E 0.05%.
0.10%. 0.20% £ 0.40% %5 4 FpAS[A] i) H B ik
&, Zad Z W R BESLR N LR T, A
P e AR R AE 0.20% I, AR IRk E B
FHLE, N3 g/ HEINE] 8 o/, A1 LRI
SRR TG T 28 i B 2 1 AN i R 2 1k
B SLDH, TEECORME P SCl TIERGE, BRT
W SRR (B A e TS e, O HaE i R A
TE 26 1P TR e T v 3 B R SR AL, R R
0.2 g/L FEHFEIEHE.

34 EEREEREHEMARSZIRIRIA

FEE A R R, B T LA 2
MR R G0, R A RIBFER T 2R HAh%
KRG, UG T —ERdtE . Stein ZE4 H
TR e RPN, Wil
DR A A A P A alide 1 RIS R AR 1, 3RS T
ik 20 g/L W77, IR F HA 5 A48
R VE N I AL A= TR, W ARE AR
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JR AR TR FRA B 2 g R AR TR mT BB .
Nokelainen %M F o R A0 B Uk Bk 1A, 7
BRI RGP RS T R535 50 mg/L 9 11 Y
MR RN i . LS A i Rk RGN
RS B SR AN B SEAB AL, Rk 2 TR
HHFAHEAEERE. R, B TFZRENR
IRFE R A R, PRI X A o e L 3l 4 4 e
2% 15 1) B 20 e D B PR BT A B 5 R 6 D
Wang ZEU2T R o 1) 6 SRR S 40 i Rk 4 KA
R IRIRE I al #E.

4 BEAREEEIEAELIY

WFFE I IR B R RS Al . A
AT HARE R BARE H, XA REREAT R 5
BIFFE I Bl R RS A 28y 7 e B 2 1 7
A AN i P R A R R A R S A
1E, FF EHA R 4026 8 b i 25 e 544 D
e bAFfEZE 5, SRR AR E F o B Al
R A . NI, mREE E A FOAR R I
JEAE BT A

S AT R S IR o =02 17 oRr 3 e
ST A BRI, X SR AR IR
fRIE . W HREAT N SRR TR
MREPE L 0 KNSR A R AE o RS o

*®3 REZEBHEILZ

Table 3 Collagen preparation process

Hop ) ERE A H & ARG EE. 2
BRI T B (3 3)0

Saallah 'R ' 8 1B 1k N S
(Holothuria scabra) P HEWUR R H , R E %
BTN UG 2, &5 AL 2 W R U vk Y e e 2 1
77 (11.39%) 55 T AT 5 (5.15%). 2T 24
BRI E A aifb i R 27X, EHRRE
H 4l Ak 8 R - ZE B 7 28 3 A 46 S5 A2 AT
BT RN EE RS B8 E T o R BB 5T 45
FW], —2P Sephadex G100 BEE g ZHT %)
AN R E A i)k, iz oy
A B L B SRR 2 R 95.5%,  [RISR Ny
93.6% K FHREERI B 7 vk 2l A KA T o A 1
PP EARIFEA, SR EAEAERE
PR RN A W 0% M 7 1O TR AR IR T 2R i
g E‘[BO]O

5 RES5REZE

JEE I e N S R N i T 254
HH, TERMHTAEWES . SEREE U
SRR AR R B R IR BOR IS T W35
PERE, (H RIS A 7= Fe o BB A K IRFrE B I
JUER AT T i 22 T AR

52 I A 0 8 g A = MR 45 ) AR E

Technology Principle Advantage Shortcoming Application
Ultrafiltration Use a semi-permeable Simple operation, low  Less efficient at separating Protein purification,
membrane to filter collagen cost, and efficient small molecules or dissolved = macromolecular
based on molecular weight, removal of salts; membranes require impurity removal, and
separating it from impurities  macromolecular regular replacement collagen concentration
impurities
Chromatography Separate collagen based on Good separation Complex, time-consuming Different types of
properties such as molecular  effect; enables targeted process with high equipment  collagen separation
size, hydrophilicity, or charge separation of different  costs and purification
collagen types
Magnetic Collagen is adsorbed onto Fast, reusable, with Magnetic particles may Separation and
adsorption magnetic particles and high collagen impact collagen, requiring purification of

separated using a magnetic
field

adsorption efficiency

careful control during
operation

collagen, loaded drug
delivery system, etc.
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WA T — e AR IVE ], e I A R -4-F2
AL (PAH) 1 &2 6 -3- F2 AL B (P3H) . SR, K
BB A 7= I AR L, el i — S E R Pk R
Jife Z 3 RE AR, 5 3 A R DR A 1 R AR
P& 88 BT ) IR RS . O T iR —
()R, b2 g8 22 iOf I R R (1 4RSI 5 P4H
WA g FE R ARk, UG T —E . X
— LR R I IR o AR AT, UEim
T R A2 B = I8 hE g Ayt R P4 At
FEAE—E R LR T AR S5 M i R
[P, AEATS AT D25 R A SC M 1 VE T, E
SR IR e -3- L B (P3H), IZBEX T I 5 & 1
IREM E BB CHEEL, B R, &
WA Ll B VR, 2 AR T RE
AR 5 KRR IR AEAE 2R, DA 52w H:
AP R F TOL N R 5 — A2
i DR P e AR B0 I s A B AL . I iR
FTE RIS T 5 A B 2 S & 1, o
SR P20 A T B e IO LA 2B .
TR A R S R AR AR A AL
KN F 38 R G T BRI TS L AL .
AL FE AL 1 S 3K ] BB 2 i He X — ] Y 56
B, WA AT RE RS, LA EA R
JEURE M Ak, a0 T 4R T LA W T R R
N, 1ES L, RIEE AW EA KL SR
BTl A R g, SR, A AR B
TR 1 R B (U 14 g TR — BB )t jl ol — A~
WFFE B0 o A A R I 1 i = R M TR 5%
B, (HEARRETE S E R AR e L, ek
PR VR 9 e B 2 LA B i AR AR A e, B
FERFEA ™ HAGWE Ty, SR, el i R L
e AR S AR AR B A SRR
TS A FE R

S I A A ORI I 2Pk
HREE IR TR . AR AR AR
FUEATENE R R IBT & e, AR R A 3 — 4k
IR A T R R PR O T AR
FHI I EE ) A R IR ROR I i, il TR

P28 RGEK O T I A A i i el i B
A BB CE T AR, ] BE 2 A R BRI
& TP A8 A MBI A 58 70 1 )
fln, et e Rk R g b I E 51 A
PAH. P3H S5 MCHENE, nlfE2 (i E 4R E
HEME I KRR, HIfe i sess . A&
A0 AT A IR 1 & SRR E MR M)A 2
€D RID SN S SN i I (E R 0 el i 2 Y
HAEP=T L SIS 40 A KA B AR R L
KA Joe FEAE e PR B FH o 68 Al A5 PEATS = AR R AE S
8 G D 1w o ) e PR TR T B A P 2 i e it
HEARBHEAIIEE, W] R H A — RS |
R R RE, & T RN o

Bl R I U H R 2 —, KRR
AT 5 AT A O G ] 7 T 2 M st 1 A A 7 i
PRSI R KGR RE AL o i o L3
BB ARG A OCHEE, BCE R & A
ARV E RO R R A, AT e HE 4 e R R
H A BERE AL i B R i B e . Ak, TR
JEUZR (1 A8 S AR ORD A0 AR B AR AL,
AT LT 26 00 A e S e A i AR A, LA
AN YR HTP BFER o AE AP B 5
7T, AR AR B SRR A AR 8 SR
Ve MM Tl . IT4EsK, 3D FTENEORFIH
9 22355 1 1k e A AR S BE A SRS 1 b ) 2 i
JEAR I SZHE, FFRENG AR H: P i A 4 i LAY 2
ZMAERMAET . XARKMHRATREREDS T
EWNLY 33 i PeR L ieAiN ¥ S R |
. 3D AEWHTENSFHORES G, IR I IR 5
AU R AR R g 581018

6% STk = A

HRE . BRERR AR, BURIES
A, ISR RS 5B TAE; WL
BAEARS, NOCERSSH RN R
Rl e e SCHIB SO et e b, $R At T
B AR N 15

=y
=0,
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