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ABSTRACT

This study explored the effect of different cultivation conditions (different carbon sources,
nitrogen sources, a-chitin concentration, p-chitin concentrations, and ventilation) on the production of
N-acetylchitooligosaccharides using the strain Aeromonas hydrophila Tool2. The strains were
cultivated in 2% a-chitin and colloidal chitin for 72 h using N-acetyl chitosan triose hydrolysate at
0.48 and 0.47 g/L, respectively. The strain that was cultivated in 5% a-chitin for 144 h and N-2.85 g/L
acetylglucosamine and 2.42 g/L N-acetylchitotriose. Under cultivation in 4% B-chitin, the hydrolysate
contained 0.68 g/L N-acetylchitotetraose. With the cultivation of peptone using yeast extract and
pancreatic protein as nitrogen sources, the activity of chitin-decomposing enzyme, amount of
reducing sugar, and amount of chitin hydrolysate were similar. After 96 h of fermentation in batches
with high dissolved oxygen, the yield of N-acetylchitotriose was 0.64 g/L. After fermentation and
cultivation in batches with low dissolved oxygen for 72 h, the yield of N-acetylglucosamine and
N-acetylchitotriose was 1.26 and 1.1 g/L, respectively. The nonaerated batch was fermented for 96 h,
producing 2.55 g/L N-acetylglucosamine. The crude enzyme solution of the cultured strain was
purified through ammonium sulfate precipitation, dialysis, ion exchange chromatography, and
colloidal filtration chromatography. The active peaks were collected and analyzed using active
staining; 3-kDa protein exhibited obvious activity on the film. The optimal reaction temperature and
pH of the enzyme were 40°C and 6, respectively. The results revealed that Hg?*, Zn?*, and Mn2*
metal ions have an inhibitory effect on chitin-degrading enzyme activity, whereas
ethylenediaminetetraacetic acid can promote such activity.
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0 1 2 3 4 5 &

a-chitin powder (w/v) %.
4. REIEE o-46 ] E35& Aeromonas hydrophila Tool2
Z N-ZHas THEmRESML > (a) 3%, 96 h - (b) &
120h ~(c) %% 144 h
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5 SRR 773 ~ 999 ~ 1156 K7 1526 U/L » 2% 120 h 1% »
LTESREEMENRG - DEERE % T ERE
Aeromonas hydrophila Too12 » s & 46 T B S fEEG & MEER

o

N

RIFEEA R E

Aeromonas hydrophila Tool2 FZ&E 1~6% B-24 1 /HiE
JEEEAE R RS - [ 5 (b) - BFEN 1~2% -5 TE 72h >
B RAEFEE - 774 Ry 2.87 51 8.38 g/L - BF &L 3~4% f-
RTHE 72 h AEGESEFRREENE > o5l 13.16 Bl
18.58 g/L - K5& 72 h 1% » ig[F HE E AR - BR B & 5~6%
-3T8E 96 h» TESR = EFIEERE - 770k 22.21 B4
25.08 g/L - 15 96 h 1% » B FIEA BB REE

DU = B E p- % T & £ & Aeromonas

hydrophilaTool2 » FriéfG@ R sk ik - -5 T ERE
Ry R AR RIS o-5 T BERE -

(a)

1800

1600 -

1400 4

1200 4

1000

800

Activity (/L)

600

400 A

200

0 ,

Time (h)

(b)

Reducing sugars (g/L)

Time (k)
AERREE -4 T &5 Aeromonas hydrophila Tool2
(a) HTE EREREE (b) BFEREARE

& 5.

3. & THE/KHEEY)

Aeromonas hydrophila Tool2 BE5&}» 4~6% p-4¢ 175 48
h> DUN-ZBs% T —FESL N- 2R T =FE R E - [E 6 (a)>
N-ZFE% T —BEEE 7Ry 0.21 ~ 0.15 )2 0.14 g/L > N-Z
T —WEEEE 77 By 0.51+0.46 Jz 0.45 g/L - EEiRSY 3~6% f-
TR 120 ZOKEEEY) - 18 6 (b)) N-ZEgéE i
4577055 0.18 ~ 0.12 ~ 0.08 & 0.05 g/L » N-ZBE4e T =HEzE
=57 A R 0.20 ~ 0.15~ 0.11 &7 0.38g/L » N-Z B T VU ZE &=
53 Al B 0.45~0.30~0.27 Jz 0.02g/L > 5552 5~6% p-26 15 -
EROKIREYIA N-ZREZ8 T 1t > & 57755 0.37 1 0.26
/L - BRI 3~6% -5 T/E 96 h > [E 6 (c) » N-Zi#]
ERERE =5 A B 0.31 ~ 0.39 ~ 0.08 & 0.07 g/L - N-Z %%
T REEEST A 015025034 570429/l > N-ZFE4% T
=HEE RSB 0.65 ~ 0.54 ~ 0.5 K 0.64 g/L » EF & 4% f-
RTHE > EPUKREYEH N- L% T IUEE 0.68 g/L -

B-5% T EGEESAR > 2 T E o AR E A R A
EESN o TEIEE - ERERET > EREERS
TR a-2 T BRI SR -2 T HELE N-ZRE% T 5
MR D HON-ZRRs% T =M B R E 5L o
2T E NIRRT

() HREEEE

Aeromonas hydrophila Tool2 Air4E HiRREIREE Nger
AR BEARBEREEEHEREE N-Z8% TEEZ
P HEN G 2% 028 TE S L SHE (TIFREE3L)
PRI 30°C > #K 250 rpm > SEEEREIA AR T BIFHTE By
50%PAE (EEE) ~ 10%LLT (RAR) KAER - H9
12 h Hufg > oirsslemrb s TE RS - BIRIEA R
I N-ZEs% T SR a | -

1. & TE SRR 2 E T

NENEEEESE Aeromonas hydrophila Tool2 7 46778
sriRE St B E o [B 7 (a) - AR MEE B 60 h &
=Ry 576 UIL > &% T H RS IR - (ROFE T
B 240 2 T E Oy AREREME Ry 358 UL 15 E 36 h 1%
K THE T RME SR N - 55 108 h 28 T E iR S
B By 452 UIL o« JRNIER TS E - 2 T B0 il S -
BE{ER 34 UL - 5854 5% Aeromonas hydrophila
Tool2 - & T H syl GRS - PLESRELE [6].Z0T5eAd
fEL -

2. EIFRELERE
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PIRENREEREE Aeromonas hydrophila Tool2 7 3
MEAERCE [ 7(b)- =A% & 24 h EFEE R 1.15g/L

(a)
1.0
Imer
= Dmer
084 3mer

[55A 4mer

s Smer
. Smer
0.6 A

04 |

N-acetylchitooligosaccharides (g/L)

00 I.;K'FJ [ I ER.A

3 4 5 6

£ -chitin powder (wiv)

(b)

0.8

0.6

N-acetylchitooligosaccharides (g/L)

0.4 1
:
0.2 4 ﬁ
ol I
Iz il
00 KA 1A [ER..8
3 4 5 6
A ~chitin powder (w/v)
(¢)
L0
Llmer
== mcr
I osd N Gmer
_a:o h EEA] 4mer
% e Smer
= a B omer
=)
< 05 4
8
o
z
<1
B
o
3 044
5
ES
8
I 021
. L I _H [ = f
3 4 5 3

/3 -chitin powder (w/v)
E6. REEE -4 T EiZE Aeromonas hydrophila Tool12
N-ZHiss T EREE(L - (a) FE48h ~(b) FE&T2h
(c) &% h

(RIS T HEE 24~36 ho 18 [F IR H ARG i 55 & 7Y 36 h 1 3.82
olL > B 144 h 5 4.93 g/l M FRIBR TR 120 h
193¢g/L -

EARBRAS TR BHEREE AR  BAE
BE TR [6] 0 AT ERAE KRR o 2
DITE EE TR LAY pH (H T - IEEERE A& - HhaE R Bl
# DYU-Too7 #E{LI[4] -

3. KT HEKEEY)

EAE % Aeromonas hydrophila Tool2 26 T/& /K
fEFEY) - [ 8 (a)  HFE 96 h » N-ZfE%% T =fE=E 5 0.64
g/lL - §#%& 120 h » N-ZEaaiEfeE R Ry 2.14 gL - (5 H
THEEZ & T EKEEYEL - B8 (b)) H& 72h» N-Z

B A a MR L N-Z 5% T =FEE S Fs 1.26 BL 1.1 g/L -
(a)
800
—8— =50% DO
—0— =10% DO
—&— no acration
600 4
_j‘E\ 400 4
g
<
200 4
0 ——a ‘—T_HH*T T
0 24 48 72 96 120 144
Time (k)
(b)
6

—8— =50% DO
—0— <10% DO
—i— 10 seration

Reducing sugars (g/L)

Time (k)
B 7. REBEEEERER Aeromonas hydrophila Tool2
(a) THEEEENE - (b) BFEEERE

Ul
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~
b}
—

lmer
. Imer
201 s 3mer

N-acelylchitooligosaccharides (gL}

) | | Hl
0.0 T Ir T T =

o 24 48 72 96 120
Time (h)
20
1 1mer
— [ 2mor
EJ;, I Smer
- 1 Amer
73 EEEd Smer
=
]
o
2
2
2
=
2
3
=
2 05 4
G
2 II
0.0 : | | ! I
0 24 48 72 96 120 144
Time ()
(¢)
30
Imer

25 4

N-acetylglucosamine (g/L)

00 L . :
0 24 48 72 96 120

Time (h)
8. NEIBSEEREE R Aeromonas hydrophila Tool2 2
& TEREENESRE  (a) 5ASE (b)) EASE -
(¢c) FER

PR T 2 A TEUKBREE 2L - B 8 () $55 96
ho N-ZRERTRIBHEEER P 256 OIL - SRR RBLS IS5

T 0 ST E/KEEEYILLN-ZR# AR L N-ZR2e T =15
RE B N-ZERE T =MEEERs - A ER S &
TEKEEVIPL N-ZRREEER R T NRR TR I8
EREER AR N-ZBR% T =M -
() T E e
DUMEE S B2 Aeromonas hydrophila Tool2 » £k
N-ZfEs% T =B 8 ARESAERE  HERE
ST B S L AR M AT
1 T E RGBS
Aeromonas hydrophila Tool2 &N & 2% a-46 TE 5 L
ST (LIFRGME 3 L) » 558 48 h ISR » CiRkss
YU - BN~ BETACHE T ( DEAE-Sepharose CL-6B) il
IBEGHEIEENT (Sephacryl S-100) - %% TH 7y iRl 4 1164
UL » DIR RS a2 B R T BB Y B T - &
AEFFH 60 - 33 J 23 kDa > JEESL 5T » 4 33 kDa
EOBERBR EEHEEN
2. B RRER
KT E NG R T RS BB SUERE RS
P~ N pH {H ~ pH RREN: - BRSNS BT
HEERTEE 2 -
(1) BB FERRE
T EEEEIAZE - R EDRE (10~80°C) FE
K RIEMEIER - 8 9 (a) o 28 T H ol R S e
Ky 40°C » Jit 10~30°CHIEHEMERy 20% - Ji* 50°C M AEEEME
Fy 80% - #2i# 60°CHISEM Ry 45% » 2T B RN YR
JEA s BURR
(2) JREREEM:
T E RIS ERREDRE (10~80°C) [FE1h- i
AZE > 40°C R 30 min - &EEEZEMHIER - B 9
(a) - % TE Rl 10~30°CHI4EkE 95%LL 2 S
4 17~ 40°C - MH¥TEM: By 35% » OfEE 50°CLL | - JEMEEER
97% -
(3) WIENIE pH H
T EEIEERRE pHE (3~10) 228 » RE#E
i A0°CRZE - &XBE 2 EMEME - (B 9 (b) - BFE Z B
J& pH {EL % 6.0 > pH {H 4 15 - AH¥NEMES 33% > & pH ES
J2 6 1 AHEREMERIRES > 5 pH 10 AHEIEMERy 72% -
(4) pHFEEM:
KT E Y fEEEIEARTE pH {E (pH 3~10) 30°CKZffE 1 h
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R - 4152 1 Aeromonas hydrophila Too12 423 N-ZEG4% T B0 > S ey

BRI -
(a)
100
—8— Effect of temperature
—C&— Thermal stability
80 1
&
g
=
= 60
E
&
o
g
=40
5}
[«
20 4
0 L T T
0 20 40 60 80
Temperature (°C)
100 Effect of pH
— —  pH stability
80
&
)
= 60
=
3
&
g
.5 40
=
el
[
20
——J
[ T
2 4 6 8 10
pH
(¢)
800
600 -
—_
g . .
3 Lineweaver Burk double reciproeal plot
& 0010
Z
% 400 0.008
o
% = 0006
=t =
g 0004
=
&} 0002
200 o
04 02 00 02 04 06 08 10 12
us
0 T T T T
0 5 10 15 20 25

Substrate conc. (g/L)

9. Aeromonas hydrophila Tool2 > 46 T & SRR ST
(a) RFERE ~ (b) pH ; (e) : Mcllvaine buffer (pH
3-8) > (A): Tris-HCI buffer (pH7-10) ~ (¢) EEZ81

B8 A0°C T JE » &8I ZEMEME - B 9 (b) - % pH {H
6 15 AR EZ pH FREM: - 5% T HE 70 iglghY pH 3 Bl 41>
FHENENER 2% » pH 5 B - FHENEMESR 50% » & pH (HEH
6 15 > [ pH (B L7t - MBSV - 7% pH 10 fHEEMER
14% -

(5) BEREHE

T EREEINARFREERE (1~2259/L BE&TE)
ZZE 0 R A0°CT R E - B RIEMME 0 B 9 (c)- 2T
E RN ERE 1~75 olL T R— RN IE > BFRIER
HREFVE RS R IELE - 10~22.5 o/L B RE T R Z A E »
[ FEARA L VR R IE L S 8 - A Lineweaver-Burk
FEIEFEDE - DLUS (S ZERE) B v (v [IEHS)
TEE Kk Hf Km ( Michaelis constant ) Ei Vmax ( maximal
velocity ) » 4751 F 4 g/L Bi1 714 U/L > DYU-Tooll 4 T/& 5y
fZEG [1] KmBE Vimax 53815 2.3 g/L Bl 303 U/L - Aeromonas
hydrophila Too12 5T & 73 fi#ll 2 Kn#OK - B ZR BV E R
Ry N » B RSER A (Vmax) Fy DYU-Tooll %75
TG 2 1% o

(6) EEHE T HERR o 8

K TE RIS 10 mM R [E @SR (AgT - Ba®* -

Ca?* ~ Hg?* ~ K* ~ Mg?* ~ Mn?* ~ Na* ~ Zn** }z NaEDTA)
30°CKZFE 1 h » IIASZERY 40°C N IE - SMIEEEZRIENE: -
F 1o HG? ~ Zn* & Mn* el T34 5% T8 7 il M1
IR HAHEITSERE AR 40% - Ca? ~ Ba?" ~ K* ~ Na'J¢
M2t 46 T8 53 il 2 AH TR ERIE 1 53 Bl By 72% ~ 66% ~
92% ~ 72% )5 T1% » ¥ T E R E MEAIHELSS - EDTA
T o ENEE M R #EE ] 181% - BilEik DYU-Too7 2
SHFAEMEL [4] -

= 1. &EETF1 EDTA $5#k Aeromonas hydrophila
Tool2 $& T HE fRlgE 2 8

lon (10 mM) Residual activity (%)

None 100
Ag' 75
Ba? 66
Ca® 72
EDTA 181
Hg* 14
K* 92
Mg?* 71
Mn* 39
Na* 72
Zn? 16
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FH RE—%

Y ~ &hw

AW E e FEMERB IR E TR - i EA
A= FE ST E B 2 Bk Aeromonas hydrophila Tool12 » DL
R BBtk - BREAERIE - FOB - o THRER 4
RTHERE  HERE ST E o s - =R
R B N-Z 5% T BlEA ki 2 se 8 -

PIRERIE (i K - a-2TH ~ p-5%TH - BRE
MTERETHNE) BE - SREUR 0 DL o T E B

R T E RE RS N-ZR% T =ESR 5 Dl a5
TE BT - AFE N-ZERA T SEIEEEREE — DL -5

TE bR N-Z R AR A BB DL a-38 T B ik
JRE K > [ 0.45g/L -

DIRFIRIE a-28 T EE p-28 T EE & 885D 5% o-
HBTERE > HAR N-ZEREEERE N-ZRET =
WE > R 0y ARy 2.84 B 2.42 g/L - HAHEDR AR [ER
[ p-5% T HERE > HN-ZFR% T SR fEEIRE— - HN-
ZER% T =R E SR

DIEis S R a - B AR ERe it
o EAER N-ZER% T =FEry RN e - S DA
AR TREEEM - ES N-ZEE%T = FEI &

= A LL o/ EEEESETAER  BERESK
DL N-Z. T e % W i By = > T2 2.56 g/L > L ATRI > R

AR B EARA R [F 5% T B ) R

DURAE 252 Aeromonas hydrophila Tool2 A& iz
o BRET T E O AREE 2B - WARERERY 48 h BT
BRI o KB BE #5000 % - IEMT - DEAE-Sepharose
CL-6B Jz Sephacryl S-100 #i{b2FER1% » UL BIEME 20

¢ S RE R FE B pH {F Fy 40°CHE 6.0 < Hg®* ~ Zn*" R
> BT 2 T E 0 AEEEE MR HIEOK - EDTA {EH]
T o Rls 2 EA (R EEA -

FEEE

n2+

SE
1 MEE (R 94) 4 N-ZFEs% T HRER PR Z ARt il s
THEEZ TEEAAL  RERBEAY)EEREE AR
X
2. FRERIE (R 95) - A Aeromonas hydrophila Tooll A&
N-ZEE# EnERE S d R iaT - REAREEYEFRER
T EN R B

10.

11.

12.

13.

14.

15.

HiEA (R 1) DIATER B T EERE N-ZHE%
THEREZTE - REREAEYEERHE L5
HIEA (R 96) 2 T E iy 2= 2 E B H AN BEH

RIERBEVE R A LS -
PRSI ~ FTEME - iR - MREST » JTWE - HAEL -

SEE (R 90) 1R8Ik R EEREH7 chitinase JEMEHY
7% HERGEE 90 B EROIT BT & - &

ik -

#E (R 96)  N-ZEgs% T HWEEER 2 ARtz T
B NG R AT REREAYEFEREE Rt
ESL
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