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Comparative study of the activity of lignocellulolytic enzymes in captive
and field colonies of Coptotermes formosanus
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Abstract Workers of Coptotermes formosanus Shiraki were collected from captive and field colonies. The activity of 4
kinds of glycoside hydrolase, and filter paper enzyme activity (FPA), were determined in different tissues including the
salivary gland/foregut, midgut, hindgut and integument. The results show that the activities of glycoside hydrolase and
FPA varied in different tissues. B-1,4-D-glucosidase (BG), endo-B-1,4-xylanase (EX) and exo-1, 4-B-D-glucanase
(CBH) were distributed similarly in both captive and field colonies. BG and EX were mostly located in the midgut and
hindgut, respectively, whereas the highest CBH activity was observed in the midgut and hindgut. Endo-1, 4-B-glucanase
(EG) and FPA had different distributions in insects from the two types of colonies; concentrated in the midgut in insects
from captive colonies but mainly located at the hindgut in those from fiecd colonies. The relative activity of each glycoside
hydrolase in both types of colonies was, in descending order, EX > EG = BG > CBH. In addition, feeding size and
age had no significant influence on the activities of lignocellulolytic enzymes in C. formosanus.
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RITEFHE R 2 — K 2 2 R (cellulose) (2f£T
2t 2 (hemicellulose ) DL M AR i & (lignin ) 54 it 44
BIE— AWM KRS FAEY, ) 2T
Y 2H 2R P ( Arakawa et al. , 2009) , VE R4 FkEx
A IR A B, FL AR 2 Tl I i e A Dy mT
FEAERBUR , BT Ry 2 Je BV g 0T e 5T & R
Gz — (Wyman, 2007) , £F4ER BRI 48R
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fifg Y41 J& T Wl 2K fi B R % (glycoside hydrolase
family, GHF) , 224 /3 52 5, £F4E R BEL 4 L
oy R 3 KW oy NYI-B-1,4-H ARG (endo-1,
4-B-glucanase,EC 3. 2. 1. 4, fij % EG ¥, Cx) ; #MJ]-
B-1, 4-% 2 ¥ [ ( exo-1, 4-B-D-glucanase, EC
3.2.1.91) , B £F 4 — 4 7K fi# ¥ ( cellobiohydrolase,,
f#j Fx CBH = Cl); B-#f % B 1 B ( B-1, 4-D-
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glucosidase ,EC 3. 2. 1. 21, f&j#k BG) (Clark, 1997 ;
JB )5 1 45, 2008 5 AHEF I 5 AE, 2009) o 227 4
2R FE T AT Bt 5 2 2 A /K i Bl B S
VERT, o e o OB 1Y 0 A U)-B-1, 4-K 2% % i
(endo-B-1,4-D-xylanase, EC. 3.2.1.8, fij 8 EX)
(ZE BRI L, 2001)

LT 4 R Wl A W e R A AN TR AR
—FET HE R B R, © W B A HOR IS
Wi, —26B d Al S ORI R BT 21 4 3R (1 3R
W, b PR AR B 21 4 2 N B9 2 A e
T IR oA B ) 72 vl 2 B AR, AR
At FEHIE I T lRR B A J5 21 4 3R [ A AL
W WOR T 4F 4 Rl R 4k 2 8 2 X
( Watanabe et al. , 1998 ; Deng et al. , 2008 ; Willis
et al. , 2010) . FHOCHISE K B 6 1 L P TR
P 2 Nl ST R 5t £F 4 22 I ALl R 40, — 2K
SR MR VAL 0 v fi A B 53 8 114 D R AR SR 4T 4 R
ity , — MO 5 B e A= A= 0 - 0 1 A1 1 R T
CTYERMG, X 2 AR e 3 [F) 58 1 U 1 R
JRET 4 1) 50 f# ( Watanabe et al. , 2006; X [ [T
&2 2008 ; Tokuda et al. , 2009) , H R XTI
L1 AE WG PE AT 32 AR i A AN W] o ] AN []
LR AR AR T LLEL, Mo 55 (2004 ) X 3% 5 %
JLEY 5 Fhop e, BP & OB B B Reticulitermes
faviceps . 4 H H H M
leptomandibularis, & 75 F. 1 W  Coptotermes
Sformosanus . 238 1 H B Odontotermes formosanus F1
SEBHHERD AW Cryptotermes pingyangensis 1 iz i A
FEEF 4R IS PE AT LU oY . S5 R RIS Fp
PSS P 8 A D0-B- 1, 4-78 SRRt . B -7 4 AR Tl
MNYI-B-1,4-REBEWERHE VAR 225 . HET
AR P 21 27 4 R A MI-B-1, 47 SR OBE S
PEH 18 A £ ( Nakashima et al. , 2002a)

ENIE e e N RS R NS L Y LT ST 0)
G, — AL T 6 30 T U T K [F] BB A
EG BG } CBH &k, 3 X EX F1y&4CHE G (FPA)
HEAT TN 5 05— 5, BRI &= R 3R 1 60
FL B S B A0 6 18 3L B ORI R B £ 4E 3R
it 1% PR 25 S, R TR YN T R AR S T EL A
LA N A J5 2T 4 25 il 1) 52000, by 1 2T 4 3% Tl 1Y)
PE— 2B 5T 5 R B35 B

Reticulitermes

1 #RE5HE

11w

L1 ftEn AN MBS R AT
LB 4% 8, 6 PPl T A A A R K
IR TR LA R AT, ISR - 80°C
MR VKA (VXESTO) 847, 25 P RE R 9 48 124 ol
o T 7 52 0 o 9 2 28 7 FH R Bl 3 (%
1) B FE IR (25 + 1) °C, HIXFIBE Ay 65% +
5%

®1 fukadziaw

Table 1 Termite sources

FC RS/ R AL I 1)

HER G5 Matching/ /i
Colonies number Notes
sampling time
cfO1 1992-05-12 = N R EE SR
cf02 1999-05-13 ENSPN AGER
cf03 1996-10-03 EXZPN SGER
cf04 1998-05-12 = N/ N R
LD 2010-06-04 I S
MF 2010-06-22 T M i e 1Ly
LH 2010-07-09 AL
LF 2010-07-09 HMBPEL

L1.2 FERF WA (glucose, 7MIRH]) ,
R FLLF 4 R 1 (CMC-Na, KiEEAR R ) , D-/K 4
(D-Salicin, | fh2l) , X i 5 A8-B-D-2F 4 —HH
(p-NPC, Sigma ) , K B ## (xylan from birchwood ,
Sigma) , D-A 4 ( D-Xylose , Genview ) ,3,5- " fif§ &
KB (DNS, J7 G ) |, 1 41 R B0 A (R HEfR
o) L A5 (AL st D) K BRER B (7 I Ak
), 75 Dz i G250 (77 MAL ), X il HE R
(p-NP,Sigma) , 4=¥F ML & 450 V (BSA, b 50 4k
) ,0.9% /¥ 3k K (Saline, NaCl % ) , 9 12,
SAB 2 Wik ( T PR - R 9 22 v Ak ), Bk R A ( T M
1625%) BT OBUREL E HEIEAR) .

1.2 7%

1.2.1 #EEHI& LIRTA 15 ~20 3k, AR
0. 9% H:= PR K vh iz 52 IR0k, DR AR T WK 7,
BT B KL, 7B TR O i e
B/ A (A48 HBCERER) e s R B (U]
5 Sk PR BB A i 1 A BV BRI AR AR 43 ) 4 7
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A%, 54 i 42 #E 500 mL SAB 22w (0. 1 mol/
L,pH 5.6,11%%) . SARSGMHIEIN 5 Sk T —
B 0%t 2 BRI 5 0 A% TR VKT Th A S, &)
WWAE 12 000 t/m fK YK 10,5 min (4°C){KIRE O
(Sigma 3K15), 15 85 .0 b 3% W B o MBS W, T
= 20°CARAFAF BT 7002 H

1.2.2 ZEARKENNE &AW SEER
FH7% By i 5 1 % ( Bradford, 1976) o 4 #H il WY 4%
—E LU RS, B S0 L # RE JS B ML U 5 350
pl % 5 G250 B AAFIRA B0, #E 3
min Ji7 FH £ 31 BE 1 7 1 ( PerkinElmer, 1420-012
victor3) M2 595 nm P KA 1) 25 WG . AR TR
I 5 114 2 P 5 o4 P 2 SR Tl 1 R 1 T
BARNARFR 3 ANER,

1.2.3 BREEFENE FPA Yl 2 2 I8 Miller
(1959) J7ik , R FHIE JFHE LN 7€ . HU 120 L SAB
ZErhi (0. 1 mol/L, pH 5. 6) IZiHUEAT/NEA F (2
3.5 mg/piece, il KA ) , A [R]HS A7 58 B HL
fitpg 12 WL, Xt B FH SAB 2% i ik A 35 R 1t
37CHEEAKBE RN 1 h, RN 5EEE A 120 mL
DNS AL E W, # K 5 min &£, HGE A
A1, SAB 28 P2 255 500 wL, P <& 540 nm P
Ak B 25 W SR, AR H8 [m] R 000 5 ) 46 26 00 s v
LATARENG 77, BTG 1AL (U) s R TE 37°C,
pH 5.6 W 56040, BT Bk IR - A2 1 g i
JEpE B, HiE O (T0) hyf 2 v il 2 L R A Y
BS503R, 2n ol U/mg,

1.2.4 HYI-p-1 4-FRHER,-AEEHEENT-
B-1,4-KREBIEEEHEMEME EG.BC K& EX [9ih
PRI 5 359 2R I SR E D 22 , 439 LA 1% CMC-Na
WL, 1% Salicin ¥ S 1% Xylan 3 A KD
B 120 WL S W -5 AN [ 35 A7 2 BB L g v 12
wL 76 37°C /K 2 W 1 h, %t BB 45 H] SAB 22 h ik
(0.1 mol/L,pH 5. 6 ) O MLEIME . S0 58 56 J5
A 120 L DNS #WEZ 1E RN, 87K 5 min fg 4
G AN, ] SAB 28 nPifE 255 500 WL, I 5 540
nm P KA EAE . BG A1 EG AR5 [R] B
14 48 2 W v M 2 H SR TS 7, EXCAR 49 ] sk )
B AR bR v i 2R3 TS TS T

1.2.5 5MJ-B-1,4-ERBEBAFENE CBH
FTE I A2 LA 0. 1 mmol/L pNPC K4, Ht 120
WL JEE W VRN AN T 38 47 2 B ML it 12 L 7
37°C/AKE ML 1 h, X BE A5 H SAB 2% #h g (0. 1

mol/L,pH 5. 6 ) fCE B . N 58 I A 120
pL 1 mol/L Na,CO; ¥ 2 1E 0, FH SAB 22 /il
FEZF) 500 pL, M 5E 405 nm P AR A TG E,
R U 7 0 X6F i SR ( p-NP) AR th 2338040 1
BETG 77 o WIS 1 567 (U) & LR TE 37°C,pH 5.6
RN AN B BRI A4 1 pg p-NP il
o WG ) (T0) a2 o g 2 1 B A 1Yl i ) 5
PiE, 2Rl U/mg, BB N EE 3 K.

2 #ERESH

2.1 ENBEGSHIINEEESTIAAN 4 FEER
KEEERR FPA & NHIMFES TR

4 A NFHARR 4 A BFAMNEEAAR L A AN (]
ZH ARG 10 25 5 R < BR BG 16 JI7E PR REIAR
HOR/INAE Y A 45 S i I 0 R 3 B B AR
NN e AR N RS N FE AR R R RN
cf01 5§, cf04 , EX {4 fe RAE M B AR LH

FNHHAZLA Y FPA F1 EG 15 S & b
W , LUK S e Y B/ 05 P, T SR AR B FPA AT
EG & W =B AL TG I, IR BT i, ek
{f FPA(3.33 U/mg) il EG(4. 61 U/mg) ¥ i BL7E
FINHER cf04, BG T J1 78 B A Ko 2 ] RER R
/NFEY, HLOB S A T i, A A 4 0 D0 A
I KA R N of01 (13,15 U/mg) . BHE
WA CBH 16 5 25040 Th B AE I, e R ME
HIAEE N BEIR 01 (0.36 U/mg) . PIRHEIARY
EX 5% 7348 W i b SE i AE JE W, HOR B i,
KAE R EFAMEEAR LH(15.34 U/mg) (1),

= NIRFERERY FPA (EG BG .CBH {§ Ji#Eh
o 049 EU A8 3 B AN AAR 1) A I B A1) RS, BB, =N
FEAR) EG \BG .CBH Jz EX i J1 X} H FPA 5210 K
HROE R FICR , Hr DL EX #1 BG 2 K, 5
N BHATE OUAR B, B SN AR I 38 23 A ) FPA K
/NIUFT EG \BG \CBH Jz EX i J7 RK/NEEH I L
BIKFR . 5 PG EAE B IS FL AR A —
SESAT, AR Y EG  FPA FlZE P #ER Y FPA
TEREABKIE A (K1),

2.2 ELI B4 MEEKEEENRK FPA &
HIRINFFEE

BT A Tl K BT 4T 2 3R Wl O D e
RS ENCIE A i s et U NEI S STV
{0 LS v, BF AN ) SRR 0 Bl ) R T
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(A) FPA (D) CBH
o 4.00 % 040
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Fig. 1 The comparative distribution of different kinds of lignocellulolytic enzymes in different tissues

collected separately from workers of Coptotermes formosanus from captive and field colonies

R, RBEAAR Y 3 Fh et 4 R g HE RS g (AP
EG + BG + CBH) #124, FPA iz K {H & ¥ 4P K
LD(0.52 U/mg) , H:vK &% N BEIA f04 (0.22 U/
mg) , EX fe RAHZEFAMEAR MF (6.73 U/mg) , H
VR EPAMIE A LH(S. 52 U/mg) . BFAMIFIAR EX 3%
715 FPA EG + BG + CBH B H, 1 % P (A
1) EX {% /105 FPA (EG + BG + CBH f{IEk. It
Hh,PIZE G FL A BRI R EX I ) 25 S50 5 At Bl
FK, HABE 1 K/NF [ R . EX > EG =BG >
CBH([&2),

2.3 ZEREFRERAFHENEGEAANT
B AR R £ 4E B E S IR

PEATIREG 4 4 A5 R SRR b, /)N B e 57
B cf04 BRI SE UG 45 R R, A ROR AT 2 3%
i R/ NAEHAt 3 A4S R B AR SR AR A LA LA
LB S B, 7R R Sk 3L A T )
S AT 2R ST e, /N SRR SR IR X R I L
BRI A ST 44 2R T ) JCBR 52 o 2% N AN [ A
FRAEY I 15 VE L 1 LT 28 3R S ) B S BRI
[EIAF S AR, BRIV 53 4F BRAS 2 52 15 78 2L F Y

AT S S M 1 (1 1.,2)
3 tig

FLETI E B 530 21 4k 3% i 1) AL 32 AT MV
WA, J5 B e A A W o HAR R AR T 4R R
fif ( Watanabe et al. , 1998 ; Tokuda et al. , 1999 |,
2004)  TEsEE A X 2 RO RDOR IR LT 4E R

BT FL T OA REHE A BT 21 4 3% i b R i Ry
75750 ( Nakashima et al. , 2002b) . ZCE645 H B R
BG & S T iz, it EX 3% S T IE W, EG
TENTE A BB 53 1Y 53 A 3k 45, CBH U A7 v g 1)
WK FATHEN S EFLAM BC F2o8 A &
S3 U NIRRT EX AR R 5 2 AR A P ok
U8 W1 EG TEWIE A BB 3 H8A — & Lol i M
LA ) EG TEREA K 51 21 4 3= [ fif ok 7 v i
Bk TR, EG 215y o TR A I A 1w ke i,
WL T8 4% B 3 22 () 2 A5 A AE A B YR T AH L 3
W E P PR R . B HATR 1k, CBH B H
FEARAE 1S 1 3 28 G4 9 b & B ( Nakashima
et al. , 2002b) , R ETIZ B2 b i b B CBH 1
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Fig. 2 The comparative distribution of different

kinds of lignocellulolytic enzymes in whole body of

Coptotermes formosanus from captive and field colonies

TN e 5 T B e 1 A

T FIRATRLF Lo 2, FAT 244 38 79 J2 27 4
ZIORLF A 2 RSB GEAR, £F 4 Z A 55
ZLF Y %R A HE T 40 i (Arakawa et al.
2009) . Fh LI, S MIIIERA 7 4k 3 M A7 K
AT T2 2 22 M 000 WA I, 308 T2 75 4R A
FREF A R MR ROR . RS AE BR, BT
LA R 1, EX R ff H A, B30 o
44t 22 W W i LA TR 3L

FPA I (3L 1B AR 2T 44 26 1 W A
7,7 EEFA B P2 PO RE PR EL T FPA 35 )
AR BURIRL, W% B 15 s i 4 B4y
AT b . DL B O Y 5 B 1
FPA I 197 & WO B s LI 80 2 A~ FPA
RE T DK OB 5 PRV TP 155 K e 1

(4 FPA 3% 77, UL HH 28 4] 3% 19 5 T8 70 1 UUAAR
HE A B 7300 N IR AT 4 2R i BE S A RO R AR
ST YL FEAR Sy S, b R B AR Y B AR R R
TEW. 5—Jrm, =N 4 AR FPA 5 EG
EX JIE M, BPAh 4 ASBEAR R S0 L 1, B
R EG SErb T rpliz, BFAMEF AR DY EG T4 h
TIaW . B a] DUED, i T2 0 O R Y
R — [ E 1R R PR ASE , PR S i 1Y
A G AN S L B AR R B T B L b R
UEAR(CRIREF YL Z) AT /KA B, 75 22 L 5 40 A 1)
WRET4E R Wi R R A7 R = R A 78, AR = N FL
WA IR PR LT AE R W N R RIR LT Yt R K i £ 22
P TE AR, B AR TR B L U A g 3
YIZERE O 5 20, SR 27 4 31 il b S 0 23 W
AR A N R IR L WO, R R LR 4 R
T RGAL T AR TR RS . A, A A5 B
TN LT AE ZRIAR BT 2R Y 7K i 28 7 ) 0 21 4 2R 1Y)
1% 3 /N3 b 5 A st 4 ) /E FD (Knauf and
Moniruzzaman, 2004 ) , I B A AL AW E B £ F
(R I 3B WA T LA R R L 401 ) 2 2T 4E 2R T
YN RT R H L S AR 1 PN R £ A R Y 3 o

S R IR 15 T L R 3R R A AT R R
)5 B BT 4t 32 Wi % 70, 5 K W 5 (2003 ) X B
3 LT AE R ) BIF AT SR A I, I W]
RESE 1 THIRAE R F 20 M Re % 70 Wb b 4P 4 R
it , ORI TR N A AR W, L R 1 ik —
HEIE

% N FL U 55 4R 0y B K Y BEAR Ol 1992 4
B cf01 , H4r 3 PMMKIR M 1996 4F ( ¢f03) (1998 4F
(cf04) F1 1999 4F (cf02) , B 56, 45 FERZL 11 s
1% 735 B 1) 55 I [R] 38 7 &2 BN i #, H
W3 AN RER SRR FL A S A/ N R SR L
WAERES J1 5040 B3R Bon it 225, e ,5 FiiiE
TG WA R = N RTEF A Y 22 55, BRI AR
FEEh . PRI, R I 2 P ) 35 4E FR AN S S R 25
XoF 153 85 2L 1 WU AR o 41 4 2T = A BR 2 )
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