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Food application of enzymes derived from microorganisms degrading chitin and chitosan

Lo F
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Abstract

Most reports demonstrated the substrate specificity-
based kinetic properties of chitin or chitosan degrading
enzymes. However, there is virtually less information
on the high quality and quantity production of chitin or
chitosan hydrolysates having a larger than (GIcN), from
the hydrolysis of high molecular weight chitosan using
specificenzymes and their biological activity. Therefore,
the production of such molecules and the discovery of
such enzyme sources are very important. Fortunately,
the author has established a mass production method
of chitosan hydrolysates (GlcN) , n=2-13 that have

been characterized as a potent antioxidant substance,
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as well as antifungal and antibacterial activities against
Penicillium species and highly selective pathogenic
bacteria. In addition, preclinical studies using (GIcN) ,
n=5-25 demonstrated that these molecules played a
very important role in maintaining biometric balance.
Collectively, it is implicated that the application of these
mixed substances to foods with significant biological

activity is very encouraging.
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1. 7[€l(chitin)2} ?|EX(chitosan)

71’ Aol 71 SH-5HA EAsks Ml
B2}, = oA 2 AE2 9 Acellulose) TS &= W
A2 B2 Hlo] @ A(biomass) 2 ] A] it} 7]
El2 B-D-glucose?] C-2 hydroxyl”| 7} acetylamino
7|2 %=l N-acetyl-D-glucosamine (GIcNAc)
o] (B1—4) Aol oaf +1/4dH LEAHDweltz 5,
1968)Z A At Ao A F2 AP4E]aL glo
o, o] 2Rl 9ju) Hdol Sast Edolth
7122 A7E s ol Ant of 1.2 giga~ton H = Al
AbE A Sl Aoz A Ql=t, Ldoll= A
U S 28 &, 7k AR AEE s

ZAtel 71 SHAIRE o] % AREE 4= gl o]
gt o]-f = ol 7hA] 4=8-l3} B o] JtE| Al 5
fx]o] ko) 318+ 4=A](chemical modification)
fol AHgsH] Tl RE MEAR oA Anjz
o] &-gofte e AgHAoltt. ¥bA, 1, 7 &
Zre] -GN Ao e "ot dste o] 7| AL
(chitosan)o]t}. @ 2-EQt W2 ArA7t S

& Bjoo], F|EARS BAte f7|9} Hot s}

ol whe} chopat AlelEH S LrebdI). o2 S,
ofe} WU HBo|t Bgolol that F/R
F o, AAAR, A, WS, At FEE
T3 5 cheRer Al Eyol MaE s ik o]t
AEBAE 7o Adolut 7|EALY o] 4]

. 9JekE, 3H AbY] Hof SollAl theFetA 58
E] 21 QJth(Sano %, 1991; Zhao 5, 2006; Sarasam <,
2008; Aam =, 2010). Z1FH o= E15}31 AR S o
AEEl= AlE2 AL glokes Aol AFAEA] bl
S oFdA A, 1 o] fof] e |} =
Zolct. Folo] FAIRIZE? olof gt goRr 2
2o A= o]#fgt A EA; 7 €l/7| EAbo| U H A 9]
of 2] Fofo] Z-gof glojA] 2|7} olsfisjof & 4=
e yg 5 7E/7|EA B3l 7|2 Y o] & £
AR o] A& A5t B4 W] AEHE 7Hs
doll thsto] migshtal Y HE AgskalA} gt

2. 719 /71 JtE0 R Ol

FR/7|EA Bel A W o2 BET AT
A7) 716 vhek o] EA AR ool
uh AEHEol T ofelo] Wrke Able] ¢l7ts
A ol& HEABEste] T2 U Zzke] Hajirzel
A7)0l whE Ageey A7 ololrtE B
o] obd Zolth. Al Wlolu Uro| 7|EA 5

ol&= 7HEdliste] AEAkst Al
ojuf 3E, ook AGA o= E8shr] figt
FUE =82 70l itk dlE 49, 7| EA
9] whekA|el ZFFAM (glucosamine, GleN)o| E|
B} 4o T5 ASA=A AHE AL o]-§5
pom, o= 7199 TEFAQl QotE=
A (N-acetylglucosamine, GlcNAc) E3F 25
AR AR Bkt Sl Ao ' ARl w
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83k AF Ao mE 7HeEaE
A2H A SHE 15k
o]-§3t 7H=E-s7}
2)tH(Rinaudo 5, 1993; Allan 1995;
Brugnerotto 5, 2001). £, Atof| 2]t 7[=E 3=
A& Ert m=an ﬂxﬂ"—i iﬂdow NER AT
A e X 42 vlgo R 7hssA|nt, o
A &4 Ay FAH LY 59 EAE 18R
H AEaAsHy Yoz M 7|E 451
ATHL FEEC W E EAO]Z 0, AR Abo)
U a4 A2l 7 Fatt 548 Ego] BA] ¢k
o ¢t g Aot wes| 718l/7| EALY] A 213}
7} E2o] opd ojugt B4 7S k= Bl &
Ag dubt &2 o7 gAkst=rtol what 1 A
=54 7]5-& Wehe] we)al Aol S &
Of= =& © Uoprt oJefiofe] o|27]71A] A
A g-go] A 7|t =7] wfZo|r}. whebA o]= st
&AoRE AAXNOZ u|& 293 @47 Eo]
2719] 7} AHRS 587 07 AL 7Hssith
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2.2, HBUAUE Tpagof

e DI R LS
Aolops &2 oi4 o o|S 1EA Aeh=
ol ol that Qlzte) 7|48 HEe 4w gzt
= Ajz1e] bk oj A 1i 4
o8 Ag A%
AEA O] BHEE ATl S EES
sk ofe] T4 BATte] BRA0] S5 EE
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° %94 e gdo
A% W8l thsiA
= e 7| skt ?B’%.
719/71E4E Balaart vdE, 54 4%
J2jal Abglol| Al B EARts ARl BHE A
A I a4 AAbolu EelebEe] A4 ol&-
off =LA &-8=]7] AAHE ¥ AA2 A chitinase
(Z)El 58] & 4)2} chitosanase(7 | EARES| & Aol o
5} thokst A7} 48 %] 9 a1 (Kimoto -, 2002; Goo,
2014; Kashif, 2019), 3| A7t AN E 7|l Ea]a
27} E2ARtHE Ao ERIEHEA o R o 117}
9] Aol w2 27 vhgol thgh Wo] 4§
o2 2k83 Flolgl= Hale] met Alzkel o]
O 2 e Gtk 4R 0= o]§ Thset oY
z20] 7|€l/7|EAF 7[R 42 A= 1
A= 2eot 54, 4% 2 9 Y23t 7=
of M2 th=F BAF Fol 7HsslA Z1E/7|EAL 7}
ol vl E4A o|F XL Qlvh. @ A
A=) @ AFE sl oLt 1990d = of
2 7I"o|u 7| B4 £f) mlgE 2ot o]50]
)\H}\]-o]-,__ f4o Ba) AR 1 54 EAS bt
F7F 2 YA eh(Park 5, 1997; Park
1999) wbA] o] 7HRe] A4S} X-ray
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soick. ge HlolElS vhero 2 Rt 5] 7t
SR BAEE T ofulwAl o] uket CAZy
(Carbohydrate Active Enzymes) Database©] -5+

o, dEzes 7|9 ¥ 7|EA 7heEslas =
147119 glycosyl hydrolase (GH) familyE 2 &5

o} QJtH(Adachi %, 2004; Petersen 5, 2009). 71 &
SR 719l 23 ol HAE Ealishs 2l 4
& 717 ol B ol Asel AW Be

R 0|3t 7|Rl/7|EA ) RG] 287
o W BRU PAo] 2 QA £

< 2% W8 7Ivte g FAHoY =E50] &
dElo] BaEgtt. ol 59, GHISE 24 7|
Bl 53| 4= retaining, 12|31 GHI19 7|El&s)|&a
= inverting AAARE-E 2= HAUSE Tl &
H A3 Eollohe AR dEA Qi) 1] 7|
S SHAH, retainingdHA]2- 5FLFO] 20|24 ofmf e
Ato] 137 (nucleophile) 2 285131 T2 3lLte]
LSo0|&A olu| . ANFER glutamic acid)o] AF =
H7|2 2-g3to] 7k 8l & anomeric form &
A= Al o= oA Qltk WH, inverting WA
< 7 e ol obnlindto] HE AF B
7|2 2-gsto] 7hEsl] - anomeric formo] £5
AotHA WMotz Aom dHA Qi) o] Hgk A8
Alof| whet ZhpEef AR o] 2] §St Fof Higt
HA7F LBFE o|FF o, AREe] EFof whet
Ala 71 8ol gt Sol4 &S Ad a9 A
Atolut o] 5 o83t AFYA Agof thet AL
7b Z7FskaL Qltk. o] & Hu|efol HE % o]zt 7|
22101 &8l w7t Soly 2H8 4ol gt o] 5
7 A s AL Qlekar YZHE) E3), dRkA o s
a0 7lse A5 Y8l 7P & dEl A
% Stz 2H8 WA ofl whet endo- & exo-F 2
2L FRsket, 719ely 7|E4ks Ealiste 7
o e e aag GAl endo-F 3 exo~
S = o] 2gstaL, o5 Akete miES
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2.3, 7[HEf HFIHEC| ol ais

&t BEARNAL] 71"y 7| EAF Eolla
A9 A ga4E S9A] ffFE glycosyl hydrolase
familyz 7R}, So]% AojHow, 718l e
a0 AL FE 7|HvES BolHo g Falsh=
A gy, 7|EA Eejaad] Aee vE 2
Aoz [ARRE 71dof| dsiAE ol A= {9
Al 71d Bolds Hols 7IEAN #3 aas
(bifunctional chitosanases)©] Uth= Zo] ZFQ3t
zpo]dolct. 7|”l/7|EAL Eaflol THAzH= v|AE
o o], &4 FAAle| wE aashs E4d
= Bacillus sp., Pseudomonas sp., Z12]3L Vibrio
sp. o that A7} AV e Rew Tl e
(Bassler %, 1991; Park, 2009; Park %, 2012). WFH,
7| BARRS A A (EC 3.2.1.132)= Streptomyces sp.
N1749] 7|EAFES|aAE GH46 THlzl =of
=2 32 F27F 7FHE e (Boucher 5, 1992),
bifunctional chitosanases’= ] GH8Z 3£3}E]|o]
cellulase family D2A] R o] 901} 7|EAL B
ul ol g}, xylanase, licheninase (EC 3.2.1.73) %
(Bl—4) AVLE 715 Bofols ket me @
AEo] B1E3 ¢lch(Linston, 2004; Thomas 5,
2014; Zhao, 2018. webr] 7|Elo|u} 71El&e| g
o SolH o= AFgst= A om ezl "opA|d e}
Al(Cai 5, 2006005 Z3Isl|A| A7 7]&et vtk &
o], o]2fgt tpefet maE2) 7| Fol Ao tigt o
T v SaskAR, o3 aaEo] A%t
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< Bhgato] ojust Hofo] 243 Flolupel utat
MEL AL 9 o] st Aoz gotEth &
2:0] 717 Bol4e AR 828 whx /1o
ek Fabgolut uhg HHze] e masky
Hrg AHoks WA Egelel, 540 715
of3t 714e] ML BARY S T3 o] So]
ojwgt Ae), LA 7)%-2 Zrerfol ubat A=
& BoAToo A7t 4D $ AS Ao
3] o713 H,

7S AAA A AER 2 = HA =
ol it A gAEaL 2 EW e e

Qrﬂ—zrtﬂoﬂfﬂ A " = Sl shARE, sk A
BiA vhe st ey AERes Hoh ghl
W= A2 AZE T AFEEe] o) 23E o] A
2=l o F H7lER thA] Hitho]] M X AL &}
HHo = F5of A3t A M5 AR A=
CHA] S Ef Al = ghd =] of of 2] AEsh4] wlo]Ab
SAE ol M= =4 aa= ARgEl 4
Zoltt. oleh ¥l QlojA 7" el E 53l
o5& Tao|y Ao ® Aol ARE-Sh= @
& uE S 7P tiaAlQl Alo] Hiz H|He e F
(Vibrio sp.)&= ol &F Al ot 2] of -5
A% g skl 5 Bl e’ A=
Sl 1A =l w7y &l 578 = $ithHKeyhani,
1996; Bouma, 1996; Keyhani, 1997; Keyhani &,
1996; Keyhani -5, 2000; Keyhani, 2000; Keyhani
= 2000).0]0] orx] Uut thAH(Escherichia coli)
O A = exo—type FLA~Ql N—acetylglucosaminidase” |
2851078l FHaEE) AMHEe] 7]E &8 uke ok
9] GIeNAcE A3}, o] = ofjuj x| P o2 A8 4=
Otk Wgo AT Aupt B s ekl 5L
A #4 ASTE 59 sl Bt 8
T g, olo] 9hA] Natureo] A1 o4
257 A (whole genome) HHﬁJJr 1] —ﬁ—%jl}
o] 52 27 5h= BollA

&
B4 7)dlo 2 8. 2z}9]
°]55-Z chitinase® F7A2} -2 A|AI8HTHKeyhani
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5, 1997).

AA A1 7] &Esfof] #ofsh= 459
Ugsl] 2d, A4 7" o] E}o ‘EL%% H
Vibrio sp. w2 vl oF5HA| ™
Zlof| EFI3 23S Zha x%x]—o].ﬂtﬂ o] o}u}
= Azolnt ehu el ojugt 7] o] gt 3ty
o oI35t Aow HWtETt 0|3, endo-typel] A|3E
2] 7]¥l B3l & A (extracellular chitinase)S H-H]5}
1 0|2 olad 7|EAL Aoz Hajsle] HE
2 2~6 719 GleNAc o & /% Z2ild-& A=
g}, ghiat 2ol 71440] YreiA)7] 1A ol A
7ol whe} exo—typel] EAE HH|E o] TEo]%]
Se| g n)ER) wekie shy Adelo] o] %
0]3}2F-2-(catabolic cascade)of wa} ZEZ oz H
S Aoz AZsto] g E she] o2 7
EH—rX}O 7198S Zafistr] flsll A 7IEoHA
s 17kl Hhgt Zolql
gargolu we] &
& 7HdS WAL o
A= AAE Zazt 9l
ol A= 1-3 2] GleNAc

HX1 of| A wAEo] ot &l
U% 13 H o] @3t chitinase2)
sfibEo] H& Aol WS 7k

ofn gt Qolat elrt. 1
A 2E —E‘sﬂﬁg‘ﬂ EPDP.J GlcNAcL o]

= = o
o= /\ﬂi ﬂ”h% o|FF AllE
glo] 51—}61- GlcNAc-2 Pyruvateenol phosphate
32l Phosphate Transferase System (PTS)E ©]-8-3F
GlcNAc2] 214Fs}of| = GleNAc—6-Piz2 E o] A
2 YA OfF 4okl 9 o) 2

N
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o 4‘3

—
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0

o>“-l,J
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alfe
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(HoA )
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R & o o
091.4 ot r-|—'4 _11)1, moit

BeEe Blakyy. o7 A T ujgEe] AlE
912 Falok Ao] 9% 271 GeNAc o],

7|2 A O 2 endo-type AR} exo—type LA Q| TF
o] B wolof g Aok LAl E % 9t} ol



AR IAHGIeNAC), & 5= E2lste] o]Z9]
ofuRt WS AH FeE=A A AHAH R
FeYsteleh. eSiEe W B AFAEE olF
Hafjsl= A4, = chitobiaseS F1A} -2 7]
Aot A5t SolUQ Vibrio sp.o|A&= ©1& 7}
wolohes AaSAdS 2 ¢ }lieh wEbA o]
2lo] 1 A-gof| Hofdh= A0 545 B9
7] Aofl= diEgS ot 21 IIek 5k ofy
2}, 5t &2 Vibrio sp.7} (GleNAc), , 2] F7]74H4]
E

o2 iz} glo] N2 o] T Afel 2 FUT 5= 3

2R Jo I

A o 40 2 1Y

= 2J3} chitin catabolic cascadeo] o]sl= G2}
=9 o8 operong EF = FHAAE £
9] operon?]| Fot= FAAE F2Y o)
A dd 9 gaof JelgAef At 54
of BFA= Zhstdint. HHE A+t =70l A&
Z HuEglont (GleNAe), 7kpRaf s
= Hug ep gk vl 19 ofEA A=
T = wellE A

|7l FAA Tl o 11719 719 Eefd &
AAR=o] ydEo] A8tk 15 5 3709] operon©]
nlsiA oz JAA Qelen, o529 a4t 54
= 785t & 170e] fAAR] Wdof| we 7k}
o] Ao gt 7|elEsf 7]2to] kel Xth= A
= U gt dolqlet o7]efl= glucose and N-

acetylgucosamine permeases, glucosamine-6-phosphate

al

3

¢

deaminase, N,N'-diacetylchitobiase, chitoporin, periplas-
mic fS-N-acetylglucosaminidase, periplasmic chitodextri-
nase $5:0] FA1A/ 55t E40] wreArhKey-
hani, 1996; Bouma, 1996; Keyhani, 1997; Keyhani -,
1996; Keyhani 5, 2000; Keyhani, 2000; Keyhani -5,
2000). T, w22 WAHE A Ae] §47 % 7}
& S Fdoll fIAR RS SRSk o]
A E IR} sk o, T AN} o] i Alg7t
A 2P 1Rt 7l a4k obd At

&

oFS 50l oliol= phospholyase 2] Sht3ATt.
ol 3| A2 Ao, chitobiaseSh= H
7io] 2H-g41 0 2 (GleNAc), & 7] AF 24 5f
ol GleNAc—1-Pi &} GleNAc®E £3li5h= a4ttt
EG BalE 4H20) S Hgol njef o] fa o
© 2(GleNAe),Z FHAJ3h= aso|7| % st} A=
GIcNAc—1-Pi 2} GleNAcE Halj% A2 o] &
et IS Sol o EellE e g 4 A
<t (GleNAo), 0] 9] 9] th2 &e]argo] tisiAl=
2ol gl A] gkot ofatE o]i=(GleNAc), 5]
2 Qliksl aasglo] ShAdsitt. whebA] QAR wh
E(GleNAe), 23l TE Fx9] Hiro]7]of uj<-
w2 Akt & 4= 9zl ck(Park 5, 2000).
GleNACcZEAFO] Al Lol 4 &f ¥}k oF}i= hex-
ose kinaseo]| ]3] GlcNAc—-1-PiZ =AU o] EF
ofAE3} daxof ol GleNe= gk 7Hs4do]
-9~ =2, AL B =gl A 9] o= Zo] -4lo]
U Bobs e 2dox o] Hadol wet &
AA I 9 aagido] A= th=A| A8 7k
AR AR Aol Qloy A Vibrio sp.
E& glucoser= 52 GIeNS T Ao Z A
[e)

I
c

GIeNZ ojwgh WAl o2 =
shz 712to] 91 ol gz, Az 71el &2
T} Eroba|E kA (chitin oligosaccharides deacety-
lase) 2] §-AA SRl o= Ao defRlof wh
2} GleNAc A5 97 HoAE 2] A GleN&
Zh= BAR O] gt et A-Anprt HalEs)
ATk ok, A2 GIeN Al22W) f-¢ofut, 7]
il o]ghahg & AlEUE e 71 e
o] gotdste] wE GleNe 2 9o] gt 3l £
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Figure 1. The schematic chitin catabolic cascade of a marine bacterium Vibrio sp. Enzymes with low enzyme activity or substrate specificity
are indicated by dotted line. Most of enzymes involved in chitin degradation and metabolism were presented in gray arrows.
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Table 1. The biochemical characteristics of chitinases purified from various microorganisms.

) ) Optimum Molecular i
Organisms Optimum pH temperature (°C)  weight (kDa) Substrate specificity References
Aspergillus terreus 5.6 50 60 none determined Farag 5, 2016
Enterobacter sp. chitin, colloidal chitin, and
G-1 70 40 60 ethylenglycol chitin Park [0, 1997
. . (GleNAc),, (GleNAc),, Kumar <,
Humicola grisea 3.0 70 50 colloidal chitin 2018
Paenibacillus . . .
pasadenensis 5.0 50 41 Chmnl’) C(})lllﬁldal c(llntln, Guo 5, 2017
CS0611 crab shell powder
Table 2. The biochemical properties of chitosanases purified from various microorganisms,
. . Optimum Molecular I
Organism Optimum pH temperature (°C)  weight (kDa) Substrate specificity References
Acinetobacter . o
calcoaceticus 6.0 50 27 cl(llltosansl\:'ilt}rll ilfferent Wang 5, 2011
TKU024 eacetylation degree
Bacillus cereus colloidal chitosans,
D-11 6.0 60 41 glycol chitosan, chitosan powder,  Gao -, 2008
chitin
Matsuebacter chito- chitosan, glycol chitosan, =
sanotabidus 3001 4.0 30~40 34 colloidal chitosan, Park 5, 1999
Pacnibacillus sp. 4.8 80~85 40 chitosan, CM—cellulose, chitosan Zitouni 5,
1794 ’ ’ : 2013
Serratia chitosans with different
marcescens 5.0 50 21 deacetvlation deeree Wang 5, 2008
TKUOI1 Y &
Streptomyces griseus 57 60 " Partially deacetylated chitosan, Tanabe -5,
HUT 6037 CM-—cellulose, (GIeN), 2003
Streptomyces 5.0 50 41 colloidal chitosan, Jiang et. al.,
roseolus glycol chitosan, glycol chitin 2012
AFALR A ofm] A AT ol Al W el Abse] diet W A7 AE Rl olE
54 59 H7tz gt Hiol e A ¢ o %*’5‘%1 71 o AAFX, FASt, et /dxlet, elal e &
8, 7|84t 1Al o) -E‘—'SH*Jﬁﬂl Bl ﬂ? 4 Foll et Aa=2 &4 A o+ d&
NipAS

A FAE do] gl A=
, 1999; Brugnerotto %, 2001; Auzely, 2003). Tt}
, o5 T 2ellE EXstAY sk 5l
AlEole] A& Q1 o]-8-2 o}&] Hfsopyt g
SAlEo] EAA Slokar Azt webA 71"
olut A|ARS 7142 Blof B4 wAe 2712 7}

2009; Park &,

Sl

= =2 0

O rlo 1o & ot rir

Ay 7] 272 Sl R SRS A7E
oLt ol ol B3 HAY 2715

o W7} E|oj9th(Shen 5, 2009; Tomida 5,
2011; Kim, 2017). A+ GA| = &2
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