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Research progress on bio-degradation and valuable bio-conversion of

chitinous resources
ZHANG Alei, WEI Guoguang, ZHANG Chi, CHEN Lei, ZHOU Xi, LIU Wei, CHEN Kequan

(State Key Laboratory of Materials-Oriented Chemical Engineering, College of Biotechnology and Pharmaceutical Engineering,
Nanjing Tech University, Nanjing 211816, Jiangsu, China)

Abstract: Chitin, a linear homo-polysaccharides composed of N-acetylglucosamine (GIcNAc) through f-1,4-
glycosidic bonds, is the richest nitrogen containing biomass resource on earth, with an annual production of 10 billion
tonnes. Chitin is widely distributed in nature, mainly found in the shells of shrimps and crabs, the exoskeletons of
insects, and the cell walls of fungi. Due to its abundance and renewablity, especially the presence of the valuable

nitrogen element, chitin receives widespread attention. However, the abundant hydrogen bonds in the structure of chitin
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and its huge molecular weight make it highly crystalline and insoluble in water, which leads to challenges in its
degradation and high-value utilization. Thus, chitin resource is often discarded as wastes or buried, leading to serious
environment issues and wasted resources. Conversion of abundant chitin resources into high value-added chemicals has
both environmental and economic significance. Nowadays, the utilization of chitin resources is mainly done by
efficient, low-cost chemical method, but causing huge environmental pollution. Compared with chemical method, the
biological method shows great potential in the context of green and sustainable development due to the advantages of
environmentally friendly process and mild reaction conditions. In this review, the sources and classifications, catalytic
mechanisms and properties of key enzymes for chitin degradation are introduced. Secondly, the current status of chitin
biodegradation to monosaccharides (GIcNAc and glucosamine) and oligosaccharides (N-acetyl chitooligosaccharides
and chitooligosaccharides), and further bio-converted into nitrogen-containing chemicals are reviewed. Although many
studies on enzymes involved in chitin degradation and conversion have been carried out with certain achievements, the
diversity and complexity of these enzymes, coupled with the low activity and secretory nature and other factors, have
hindered the real industrial chitin degradation and conversion. Consequently, the challenges in biodegradation and high-
value conversion process of chitin such as low activity of enzyme, poor efficiency and high cost are highlighted.
Finally, the important role of rapidly developing synthetic biology technologies in chitin utilization is envisaged, which

will aid the efficient bio-refining of chitinous resources.
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BRILEIR, H5ILT RAVIBEARMZ, SMUIEGH
SR “IRHAE”, ATRES SRy, HAE
RO P AER . GHIS LT B A s 4
W B B AL W B ML, LA S. marcescens SKE T JL
T 7 SmChiB (PDB 1E6N) A1, 24 GlcNAc it
N1 VEAE B, 2 T 36 0ok 7 2 25 1R ke s 1 A A
GleNAc Hfa A MM G, dE MR 4 N- £ i 2k
AR T8I 3k (CD HREEZ ST, 78
ok R, Tyr214 5588 78 A BE AR € % 4
F R, BEFE, Aspld2 B 5 N- L BERE A
FasE WP IAAA, JF 8L Gluld4 TE A8, BT T
P, S EONE T 2R I T Rl I A IR 5 - DA
A, KX CLET SRR By, s G mke ik 25+
RRA R AR . 2 )5, Gluldd IR BERIUHIRAS, W
Aspl42 7£ Asp140 (148 B T §8%% B 5 AL, 56 K i
R [E3Mm) ],

BtAh, X GHI18 SubA F Mk JL T it 4 I g ¢
SPEER ML A L T AR, B4 Nakamura 25 &
KA R 71 B R AR . XS AT S AR
) )R EF B, IRABES T SmChiA (PDB
1EHND [ R sk Mg L], s gl i 72 4 )
gy AP IR IR BP0 il B A0 5 7 0 RE RO
FIHLMCE IR G5 B S5 88 D o 1R T 45K
S, RSV A DB S PR SRR ) 0 A R R R
BT K IR RS G2, Loop7 EAFA M (at
B) CID H Nk ve VR4 &340, (FREsEs &0
AT RAA (—6F+2), BEW T — RGN
B, WESLT BRI, dhAh, TP
Wik It 5 55 F R Bk AR [F 3], B
AR B I RR AR O
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B3 GHI8 LT FAMIBEM A T (o). MEALHLH (b) RIFEEMNE (o

Fig. 3 Structural model (a), catalytic mechanism (b) and processive mechanism (c) of the GH18 exo-chitinase

BRAh, JUT BRI R G R — 2 &
St PIALT BB SR ER LR & (DP) 2~3
MIZERE =N, R g th 27 25 v DP I SRR
H i 5% 17 %) DP (3 2 HLRE 1 A B . 7 %) DP
52 R R R, ) W AR By 1) Ry R R RS A
AN TR 2R 20 18 I X B 1) S 8 AT AN TR A AR A

Rese e, —LUfG v RETE DP 5 R R I g
BRI 53— £ R] e SR TR T R B BRE AR
S, (VIS ER 0 JU T 5 A A I R L A i A 3K
fE e, FT LR BRI [R] Y M AL (IR DP A S5 B A
B DP SERE © RIS, R ERYILT R
(V)28 Y S5l 22 50 7= ) DP, 451 4 86 5 0 e A FH 10
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1) 4K 0 2 5 W B ff R P AR BE, 338 17 52 1 7= 4
] DP.

2.4 NTEREFEBHERRIRENRS

R 2 Tl B R A B RRAR T R, AR LT
e ik A 11 4 A0 3% P R0 R R e P R I A T 4T3
I Nyl ) I o R A 7y 1 e = 3 D
W EACEAR, 12 A I [ AL 175 70 i R 4 1 o
W ARATF FEAR R, IX — b R TG 75 050 ) B 1) 45 44 R T
REEATVER M. B, Songsiriritthigul 45 ™ F|
e I #t b iR, X8 B Bacillus licheniformis 1]
GHI18 Z j& ChiA BE AT | Zy i RAZ AL P, i Ty i
BT — AN PEAR T R AR B = T 2.7 £
K . Menghiu %5 " R FH| 2 4 PCR 7V i 17—
™ B. licheniformis J1.'T i 1§ ChiA ) RAZAKFEE, DL
4- BTG RRAT AL T =AY OL T R
TK AR B 2 R O 5 1) 4-H RS TR, L AE 365 nm
WOR B PR ), B JE 18 F 5% ' 0 40 il 43 ik
(FACS) AWM & 2R M5 5 5 9m5S, MiZHEE
R 3% T A B T 3 Y O 1) 98 & DHOS.
A ™ @ R 2 PCREAR, I E T
— AN LT BB Chisb FIBEHLIE AR SCEE, DA sE
PR F ) M A . BESS, R 96 FLAREAT I
g, A CARR S 0 0y 20, DA T
BRI TE, B T WA OR B 3%
PR 1) 9878 44k C43D M E336R. 1H J2& 52 [A] 3k Ak it 2
HOR R R AR SRS RO, A S e R O ik
ik

b & & AR AT R A L B R 1 H 2
RIE, REBREAEENE OGN, HT 451 56
{10 2 B T v R R 1 T SRS 1S B L KB R
S, R E S s N R IR AT R, W
HH R 7 100 e R R AR . il dn, BT IR
PEME B TE I v B T LT 5 g PpChil H,
G N T SR Y O e, B E IR T
AR EME. TES0 CCIZMET, SUERILT R
filf PpChil [~ 32 3k 31 1 BF A= UG 1Y) 26.3 £, 1X
— R RS TR T 4 KA TR Ik R AR AE A B R
M E RKE S ™ XS marcescens J1T R
filf ChiB [ % I 7 FE G188A/A234P AT 58748, HAE

57 °CCHf WG IN T 10465, T, 3007 4.2°C ™,
Zhao %5 PV St JL T B B SsChil 8A 47 1 2 B
Mt e, AT R Y286W. E287A. KI86A X ik
LT BRI S MR B AR S AR T 151%.
135% F1 129% . B 7 AR S0E, XL T i F%
ik T8 P IS 0 45 A SR AT S At TT A AR O R
s . Wl an, F SR Bacillus circulans WL-12 )1,
T i B BcChiAl [F) CBMI12 1% & Streptomyces
albolongus ATCC 27414 J1. T Jii i SaChiA4 [f] CBMS5,
A0 H 0T LT ok R (0 vE MRS R T 54% P . Wan
A LB I B LT BB ActChi 1 malectin A1 Fn 1l
SE RIS ¥ ChBD, A 3L &5 & JL T 1) B3 A
RURFETE 45 . IX L S mE A LT 5 R A I 0 R e
PEANGEE S VERE SE AL 57, R SR bR S 2
HEZ L.

3 LT s Ebee S R a e

3.1 T REMEBSE T SESEE

JUT 5k [RAEFE(DP)2~7] M525EHE (DP
2~20) fEAKIEPETDRENRIENE, A TIME. 5t
RMPUHE FL RV, EAEMEZL . &,
RNV B A BRI N AT S, KWl &R E
BEHGIN . BEVR AR LT B R LB LB e B
BRI AR a0 . P AR s VRO S R A AR
O AEALE, R SEBLLT SR M 5T SE B ) A
AR . B AT AR Bk R AR 5 SRONE A% o SR
AL C A HEH R, W, Doan % R H
Paenibacillus sp. TKU047 >k J§ N V) 5% % ¥
TKUOA47 #H i P 22 J 9 P2 98% I T2 3R M, ™)
JIDP2~9 IFETEME, 77N 68.44%. Pl
v BE K IR T Ok B Bacillus amyloliquefaciens ECU0S
W U)5e RbE By, i B B AR R JE 2 2 4 DP
2~3MIFEEENE, 1630 LI N AR & s = ik
REiE75.8%, HUW B e, &M T REL
77 o Zhou &5 ") 7E HE I B v 3K 1 ok A it 22
(¥ 52 R WE Mg Csn75 5 2 BN V) B e RPE g AN
2 g £ 1] % =1 DP 7 3% 0 U i o BRI T
NRGRERGEMTERE, BFTKsHEA
T i RN TR RO R
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2 BN Kuroiwa 25 20 FI) F [ 52 6 B 35 78 IR
SN2 E S A PR S BRI SN BE L AT LLE 8 R
N AN H o, 3 2R R AT DL Rk 4 ]
L 28k, kb T i) % = R A R SR R E A
(R (=N = s 1 N P R o S =
BiE, AFERCKBITS Jeinl . R I 2 B B Xt
JUT J5t a3k AT i 2 Tt 1) & 76 b B — 1T 5
H S MR RCRAR T, B A AU S B 78 SR 58 =
B, m eV AT AL LA

FH LGV 5 AR 52 R BB ] 25 R S0, VA PR AR
JUT 5 ) % JU T S5 00 1) = A BF 50 A0 ol Ak 3 2 50
WM. HNCEF S EMFHE AR
A SEDP 2~T7 W)L T AR SZ, %
W (NIRRT 1000~3000 76/10 mg) . H A i
JUT J5 Bl () B A P2 ) R B LT WAL T =0,
H W% A /> B GIeNAc, X LA 3k 15 & DP [ 7~
Y (E3),

fln, Le%s " F|HKVE Salinivibrio sp. BAO-
1801 JL T Wi Mg /K fift G A JL T i, 7E R M EAT 8 h
Ja, PEVIEERIVT ZhE, A E GleNAe, —HE
FEEENT1.5%. Wang 55 % MR 2 0 3547 v i i 31 7
IR LT S 1 bk Trichoderma gamsii R1, F) 4l
AT LT Jo g K R A4 J LT Joia A B 11.62 mg/mL 1,
T BERI1.92 mg/mL JLTT =8 . Wan &5 10 I HEAE
FHERH FAZIRE] 7 — AL T 5 A ActChi,
H2 3 ChBD IRl & T N TR, R FHFEM L

T, PUACEILT 8. N EREEI TR,
B B LT B 2% LT SEREAE 0 AR BUIR,
B EEM LT 0, WEIF KA s R
GEJLT EMREMN A . a8 T i
B Mg JUT o st o] L= A e G LT ZEbE . il
Luo & " FI 45 JL T 5T Chit46-CBM3 [ fif )1
TGRSR F, LA A DP 2~T KL T 5F
B, FeE N 8.8 g/L. ALY F A deromonas
veronii YR )L T JF I ChiB565 /K fift JL T Jit = 2=
AJUT =0 =HEgeE, A2 EJLT bR
7N K. Raval 2 B R H Bacillus aryabhattai JL'T i
B AR LT BUMRLG L 7 DP2~T LT 5EkE . Ik
A, ECJLT BRI N- 0 BE = R R &) bR
(NAGase) ERIFEIKME R RN, 5 R H s
EE, RAEEGHRE SRS EERKIE . i,
Bl R A5 57 T2 K % Podile 4% B BAAE LT Joa 1 1) 4%
BB RO HOT R T ORER R LA, AR
Chitiniphilus shinanonensis K5 ) CsChiL ff 4. JL T U
WEG R T JUT /SHE "™, Flavobacterium johnsoniae K
PRI ChiA LAJLT PUBE & B 7 LT OB A LT N
B 0, Singh 25 " R H Aspergillus oryzae KI5
GH20 Z ik NAGase A LAJLT =B JLT =Hf. JL
TVOHRE G R A 2~4. 4~6. 5~61JLT
5 WE . Stenotrophomonas maltophilia K 5 i) GH20
Z i NAGase H] 73 A LT WA =05 43 ) & ik
TILT =HERJL T PYkE . Zhang 25 "% % B GH20

R3 EHEREMLT BRAE LT SRR

Table 3 Production of N-acetyl chitooligosaccharides from enzymatic degradation of chitin

ST i & = SRR 22 ik
Salinivibrio sp. BAO-1801 B A LT T JB AR LT 5 JUT ¥, /> & GleNAc 71.5% [97]
T. gamsii R1 PP A LT R G JBAA LTI JUT ZhE =0 11.62 g/L,1.92 g/L [98]
S. marcescens SmChiB AR LT I3 JUT 8% 2.04 g/L [83]
HEE ik R 20 ActChi WKL T 5 JUT =% 17% [64]
T harzianum rChit46 JBAR LTI JUT 28k, f9E GleNAc 94.8% [76]
P, barengoltzii PbChi70 JRAAR LT I JUT ZhE, & GleNAc 21.6 g/L,89.5% [68]
F. johnsoniae UW101 FjChiB Je AR LT J5t JUT ZhE =¥k - [63]
S. marcescens rCHI-2 JB A LT 5t JUT 0%, 745 GleNAc — [99]
M. thermophila C1 Chil WKL TR JUT ZhE, 7 GleNAc — [100]
A. fumigatus df347 AfChi28 JB AR LT 5 JUT ZRERLT Vb — [101]
A. media CZW001 AmChi R LT IR JUT TipE /S HE — [102]
B. aryabhattai BaChiA R L T JUT ZHERLT 78 - [103]
Corallococcus sp. EGB CcCtil JBA LT I JUT ZHERLT S0 - [39]
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Kk CmNAGase fg /KL DP 2~6 JLT FHE, [F
BRI O 143 F GIeNAc A= i DP A 3~7 1 )1
THRE, AN AE DL GIeNAc NIEM A LT —
B o AEL I S g 1 7K AR I 1 KT B R K R
P, BEAE I A RN, S A B = AT 2 4 B
file, ML R

b7 &MU T BRI R, JEET
FEUAERE . BEAM. R, F4E R
T ML T BTk oe s hl 25 S hE . i, e
HEE DT DAYz T T R K A AR
ALK R T2 R bE, &3R5 DP 6~10 )55 5%
Wi, FERNA5.07%. #HEE I E T N
el AN B DL R 50 5 0 I 2H i 1 2 & il
ARG, AT /KWBEEME. Bl RSE, &S]
#% 7 DP 6~8 HIseHbE, HH ™% &1k 79.84%.
XA 7R BBV T 5T SR 0] A% R
VIR A B, RS SR BN B AR TR R
VN

3.2 NUTEREMEBRSHN-SHaEFEHENaE
BB

N- B R E E M (GIeNAce) A& LT Ji i &
AU TT, RABEREHL . HiEIiaM
KRB EEARZ e, FNESHEE2RNETER,
WG 2R 37 U R A R R R A S )
GFHESESTREENE, EEA. ikhsS
Prfd i SE A2 B iz ok . KL T AR A
GleNAc AR EZ 2 D2 A BRI & EIEH, W
VI s BG4 LT BUK ML T 550, @ —2
TE N- 15 28 525 4 %0 5 8 N A Gase AEH ik N
GleNAc. 24 K1k, C&H w2 R ILT il %
fiE LT AP GleNAc IRiE (R 4.

41, Chen %5 " £ & i JL T BT 4 GleNAc
JFFE T K& TAE, FIH C meiyuanensis SYBC-
HUMH BB LT BUEAT 1 s Be i, 35T B0t A
JUT BRRE SR A B e e, 57 1 B s g o
FR B 53 B8 5 B AR RO R G 78, SRk LT B

R4 MEEREMILT L GleNAc
Table 4 Production of GIcNAc from enzymatic degradation of chitin

fify ORI &Y GleNAc K E/(g/L) L 22 R
C. meiyuanensis KR LT 5 39.3 98% [111]
SYBC-HI K RFH R R AR LT R 19.2 96% [112]
AR LT R 2.65 100% [113]
T R 85 /N A 5 3.9 — [114]
AHLEFRITALEL LT R 4.6~7.6 96% [115]
B Al AL )L T R 75 98% [116]
A. caviae CHI129 K ¥ JB AR LT 5 — 93% [117]
A. terreus RIEW IR LT J5 46 92% [67]
S. proteamaculans NJ303 KW e 38 ST /N AR 5 3.9 78% [114]
T. harzianum KR LT Bk 14 80% [118]
S. albolongus R &K JB AR LT 5 4.4 89% [119]
ScChiC, ScHEX LT 9.4 94% [120]
SaChiA4, SYNag2557 JRAR LT I 8.0 80% [121]
ChiA, BsNagZ Je AR LT J5 — 88% [122]
BpChiA, BINagZ JB AR LT 5t — 64% [123]
CmChil JRAA LT I 9.8 98% [78]
ChiG Je AR JUT J5 — — [124]
AMCase JB A& LT )5 1.2 87% [125]
PbChi70 A&, NAGase JR AR LT I — 97% [126]
PbChi74, NAGase e AR JUT J5 27.8 93% [127]
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GlcNAc M A3k 40 g/L,  H.HGAJ 55 & 48 ) 3 7,
M T mBEE T 2. Bl C meiyuanensis
SYBC-H1 J 1T il H Mty [ i B ¢k it &b 248163 LT
GIcNAC W EiL 75 /L M9 bAk, i 58 [ AT &
TEEYRM . 4l R B F LR R
B R D BREE Y A R A LT R AL T
2 A RARTE T BEE S 45 GleNAc R ' H
fihy [ BA 75 GleNAc [ i v i £ B A 1 R ik
f&, Suresh Z5 "8 Aspergillus flavus KI5 ) N- 2.
Tk 2 ik ) &7 WE B B R RS 58 Ok VR L TR AR
GlcNAc, F=HiAF] T 21.37 g/L. Yang %5 " Fi| ]
=AY LT BB SmChiA. SmChiB. SmChiC Al
— > Ht NAGase OfHex1 ¥y ki JL T i, 24 h
F=42.7 g/L GleNAc (A5 95%) . Jiang 55 ' F|H
Y LT R PhChi70 8784 F1 EL B NAGase [ f#n
B JLT B, 24 h 724 7.19 g/L {1 GleNAc (/5 Eb
95%), FEALE 72%. HanZE " @ik P barengoltzii
JUT il PhChi70 55 (A FI NAGase 7F 2 [ 25 2547 X
BSLFRIK, TES5 LARIEGE SOl T % B R B I
JUT 52 g A1 NAGase ¥ £ 5 51 73 71l 7] 35 61.33 U/mL
A1353.1 U/mL, F| F XCEG % A k0K JL T 53 A= 7=
GlcNAc, HAifF>95% (a4, HibERnlik
71.9% (JRESEO. JUT FEFH T HEREMILT
JRE &Y, B0 Zhang %5 M A 2 0 AL HE /N
AR AE, B T LT B B AR AR . Gao
S BT — R L T W B R 18 Chitinibacter
sp. GC72, FFHIH F LT il B /@ 100 g /) Je i 7%
¥y, AI530152 gf GleNAc. A, BHRAHIE
e Z hae LT B, T DA AR LT BN
GlcNAc, 111 Okazaki %5 " F|FH C. shinanonensis
SAY3"JL T i N 1) ChiG AT PAZK il A& JL T L N
. — GlecNAc. Chen 2" F| ] C. meiyuanensis
SYBC-H1 {1 JL T i B CmChil #H NP1 b1 &
N-Z B 5 2 B 5 NAGase i P, 7T LLK IR
LT N GleNAc, WEX9.8 g/L, FEAEREE
100%. {H 2 Dj e i 1 h NAGase W E 4 %, #18
To Tl A AL ) b R R o AR O R v 2 e
(RIS R G A Ay SE (A NN =R d 3 S R - §
GleNAc 2] e .

A EHE (GIeN) /& GleNAc 1 it 2 Bt 7=
Yy, A& G BT 1R I B A B LT AT

KA o BT R I Ik N- 2T 0 fr B 2 Tk e A A A=
B GleN, HACRART, HUIb# b, glan, M
Y E IR AT B A 40 B — Bl Bl SRR, AT Ak
GleNAc 4 N GIeN, &id 72 h 5, AL T i Al
BE 15 43 )15 31 18 mg/g A1 7 mg/g i) GleN Y,

3.3 NTEREMERSENER

B T BRGNS RE, LT e L
A A A AR . Bl BB KL T
R AR A R AR ERL B 1, A Shewanella
oneidensis 7] DLIE IS U AE YRR B R G0K LT R
BAGCONERE T eAh, M T AR 4R A K
A HE, JLTHREAEHMNE TR, Hitd
O RE BN EMNLLERY, A EZE LR
A ANt ZS o Bl an, Liuss 9 W 7 LT .
N- Tt 8255 ) ) W -2- 22 ) S5 ) Tl R V- 1o 46 PG T
5T =W AR &R, A 24 h AT DUk
20 g/L AR JU T i $K45 9.2 g/L () N- B4 4 A R -
Ma &6 " JF R T —Fh 45 G A WK s 20K IR 52
JE F D RAIR ) LT B AR P M 0T A e WA
i, AR HBEREME LT B, BRI H TR KA
B DAL T I B R ) R T G % 1 0.91 g/L T 24 1R A
041 g/LERZE,

AR DUJLT B R R G Rk il 24 25 &
BAEDBEAG THY KR (H4. HTX
B Ak B WITE AR AR NI R IR & ORI AR 6 12
H Al & & A P AL 2 1 g5 A 10 7 U6 s
HrR O IR LT i B4R GleNAc ik F H HE
TR — B B & BT S S 3- LR R I -5- 2Tk
Bk (3ASAF), {XREE =G . FIH
3ASAF il i 4b 244 A O & B 2 & e
R S SRR B A Y Ak 3SASAF & AT
AR EA A JUBI . Hao 25 19 1 %% LL GleNAc
NIEMIAL 4 BT 3ASAF, TR B¢ 5L 00 5 Bl
(ScCR) FIhE R T FHE3-2 WA 3E-5-(1-32 230
Wers, HAR S BOE B R B, b
BN 3EE — 22 X ScCCR AT T2 EE M, KOR$E s
THABATE AR, S — R R D
EE R T R-3- LR & HE-5-(1-F2 5wk, 7=
EN53%, ee O ML E) >99% "7, FRATIR
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Fig. 4 Biosynthesis of nitrogen-containing compounds from chitin

S N DUJLT o B R AR LT R 4% 1R GleNAc 4
T2 KA % T 3ASAF, 35 F| F i 3743 1 i
SR 2 5 0 30 5 A %o R e & fr A AR I 2L T 5
1 126 mmol/L R-3- Ik 28 FE-5-(1-2 ik £, 58D R
F147.58 mmol/L 2- 2, T = -4- S FE Wk g, AL % 7y
N 84% (e.e.>99%) F179.3%.

4 & ®

JUT B2 BT it AR 38 1 m] AR 3
U, JTERARAE T AN EE S L A B b, (H T
B2 R R T B XA 2 AR N R 5
AL &, A B AR Dy ekl 55 i o ™ i 24T B
e, FEERI BRI GG g . M 2
Wrhl, AEVRERASREF RN, SRR R
aF RS, JUH AR REE A & EY) ) PR IE
Wi, HE—BARTE T AEYRE R SERR B TR . A
CRIR GG T AT SRR LT B U 2R ) B A
EFA IRt R, X LT o BRI R0 i B A
BR JUT R AEYGR EEZA WA T —
3 TR LT 5 B A R LT 5 K A D T e
SEHE LT ZEREA T SRR A HEE (GleNAc &R
SR, FNEAGRENEDENE, EES. &

i A AFE IR 2 N s R T
JUT BRI RRE R TR LS, R MDA
B MR LT 5 R L B A 7 A B BT AL
N-CIR AR IR . IR BRI A RS B S -
DL, AR R & LT i B e O A
DN R PRI 7 o B A DR PR 5N B v 2 B KT I
R 5 S0, AT O R St AT A S R e 4R it
PP

5 &k #

R ZEDD XS LT o B IR HEAT Bl ASET]
SEUURMAM A, AT MR 2T ke, T H A
ARG OINR, BHATCEGE L et Re. R,
MBS, BRI ERCRIRT . AR &
ORI, PR, LT 5T B 30 01 i 238 2 0 M o) 7 22
FE LR LA 5 T AN W et -

B e, R LT B A DR T R S A B
& SR R BCE M R OB, HH AT = SR
MIJUT o B A g, WS I S T EOK A
FeRE A B R AR LT 5T S 8 7 45 P A T RO A 22
PRl e DUAE A 0F 0 K R T PR BT 50T A,
PP SR S5 T IR AR LT B 4G e, T 52
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e FE AR R, (BANRAEAE— RAIM A, F )
HVE & ERE . BBFEm, WHREREEY. %
PRI 25, ¥ SRR R, BRI T H SR
M. HuihkESRHDEHHZ D61 T Fbg, A
DA Il o 2 B M R AR LT PR B S S N LT
PEEL GleNAc, J& I H B B9 B A 5%, H 2 Fg
PEZ B BIAILHES, 075 ERE T -5 RS RM
AR LRENCER &R, Bk, KRR
By 2 —RRBE T TR . AFEXJLT
JoT 3EAT AL B P v R R AR A9 T R R A B
i 0 B T 2 6 IR AH 2 AT 42 0 3R AT = PR R R AR
By, WAl FH &SRR LN AT ) 2
PEOE A i, G R TR IR T, R
MEAL T RESR T A R R A4

Hk, HufEH)LTRESEAMEYZ 2
FIRA 2 e 3R AR, EBRIETILT i H
1 GleNAc 22 B K A R 1) 3- 2 1 5 36 -5- 2, T 2 i
BRI (BASAF) A&, df— ik 7 Ak .
W W SRS o S R A R — R Bk
MR B 5 Ak 5 i o 1T AR DR AL S 0 B AE WAL B L
FHE L, FERZRTIRYEIIER AR, Hitk
AR R I BIE 5058 AN E By 0 T R IR B 45 H 2K
B {40 B X BASAF 3% i . 3 Ji 45 )N AH 5% il 30
T TR SUE, R 205 EZ A5 5 K
FH < Bl TG FAE P& T 4% 2K

UeAh, FEJLT & R A 2 s
T[] 20 B8 v A ik AN 22 0% JE B HE 4% ) AR B
R BRI TC = A 7 W2 AR A4
VEEATIECH . R REEPIM 7L % B AL
PrRIAE T, s A LT T R B A A A
i AE WAL SRR A T . Bl R VA R AR LT
Jii A GleNAc, % F Ak 22 1 4k AL GIeNAc i 7K 28
1 TE i 3ASAF, 3t — 0 75 g I A AL T & Bk IR 24
KEBED .

b A BRAEY F RO R, LN TR AR
BB, MEEARARKE R, 2TLICRA
SR LT R BEIR A R B e B B A

& £ X W
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