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Distribution of Cellulases in the Digestive System of the Lower

Termite and Partial Purification of Cellulases from the Termite
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Synopsis

About 20%, 18%, and 36% of the total avicelase activity in Coptotermes formosanus were detected in the
salivary glands, midgut, and hindgut, respectively. About 35% of the total CMCase activity in the termite was
detected in the salivary glands, whereas the activities in the midgut and hindgut were 21.1% and 18.2%,
respectively. About 75% of the total 5-D-glucosidase activity in the termite was detected in the midgut. Thus all
of the cellulase components necessary for hydrolysis of natural cellulose were present in the digestive system in
locations ranging from the salivary glands to the midgut. Most of the glucose (about 93%) and trehalose (about
87%) detected in the termite were present in the gutted-body. Furthermore, most (about 66%) of the glucose in
the gut was detected in the midgut. These results suggest that natural cellulose ingested by the termite is
hydrolyzed to oligosaccharides in the foregut and midgut, that 3-D-glucosidase hydrolyzes the oligosaccharides to
glucose mainly in the midgut, and that the resultant glucose is absorbed through the midgut wall into termite
tissue.

Five cellulase components were separated from the termite tissue extract by anion exchange and gel filtration
chromatography, whereas two components were separated from the hindgut (with symbiotic protozoa) extract.
Three cellulase components with avicelase and CMCase activities, one cellulase component with CMCase activity,
and one with j-D-glucosidase activity were found in the termite tissue extract. A cellulase component with
avicelase and CMCase activities, and one with avicelase, CMCase, and cellobiohydrolase activities were found in
the hindgut extract. These results show that the cellulase components in the termite tissue are distinguishable

from those of protozoa origin.

# = B7 VICRRSh T RLF—§50 27 I/ MA

ROFBGET L LTHEDR L, ZORHBMIL,

TEHo7 ) ot o— 2RI KO L1
HMEShTWS 0 (1) Yo7y OERHC &
D RS AR A, EIBPIICE L3R4 B
OFERICHDAENS, (2) Kl F 8
R Th B2 IO —AH, EAYIC &1
BICHEME, K% E MMLRFEICEBRESN S, (3)
A BN & D 5 S N FERE D R BE Al - T

(1) F&Hroa7 ) OME@ER» STy F-1,4-53-7
WA —YhRgwshsh, &ttt o—A0s5
RICLBERAR AL TH -1, 4-5-7 W hF—EOKIB
TN AR SR A OFAICHFEL
TWAHBELOEERSY, LU (2) TEvo7Y
EEH O UL, BREER ETCARIRE O 2R F
PEEELTWAA, Shb 2 >OHHEEM &5 E



20 HEiEs i

Bi@x x50 VBT Fart—YEatk
PAREEED D VKRR LTWEHDOT, FERTE
L=V VEEL 7 2 F L-CoAlC BRI hiz v &
WO MR [CESWTREShTWAS,

- BELORRELO—AR, #H50%Dt I
O—ALVERARMEMET ST IUH, LI
O— ADMKFRICE DVERT L7V a— ARl
WA - AT &9, REFEBYO T HREREY
FIAS % LD B ED CEHROTH 5, B
a3k AERE LA 07 ) (Coptotermes
formosanus) —— R A BT EBAICHFEEST AD
T, CORFHIFEABME & kv ——OR IS
NAD*OHFEETFT CYILY VB % 7 1 F IL-CoA~E
BRILHZEERVWELL, Thbb i TyO7 )k
HTELE VBT Fay—YEAeH®Ic LY E L
VRN T L F I -CoANBEEBR IS LW
G LA, Eva—20mKFRIC kD4R L
RN a—2A% G CRIRCEE, Yo7 Uitk
AR OB A5 D FICHEER L TCARIFIZ
ko T/ NVa— A EEBLL I RVF—%285C
LRTRE L T B,

AW TIE, BILO— ANk W R A B O
HRTHEBA TR 5O0, H5VIHIELHE
IKEWTLRIAOMTHLEMIT HADIC, O
TUDOHEEANICETALIF -1, 4-5-7 I HF—
Y, TV F-14--7 N hF—HEXUBD-7 Iy
T —EIEEO GGt Lize &4, a7 uhys
WaA—ABHAHWEEREBO VT2 TRV FE—Fe R
ERELLTHHLTWEONEBALMICT S0
iz, g, B E o7 U EEICET A7 Va—A,
Fno—RA (ZFva—AhbERsh, BRoT
TIVF—RLHRBR AR & L CHEE &2 R/
LTwW5) LEMOFERYIE L/, S6IC, K
S BENL LU a7 Y OMELERICTFET S
W5 —ERSG w BT H 72012, BA A VAR 0
TETIG 74— NGB 7OT NS5 T7 40—k
N, BBEERYEG o7 ) ORI
ETHENSG—URER (LFV-1,4-5- 7V HT—
¥, TV E-1L4--7Zhr+—, B-D-Zhay¥—
YhiUtorik Faos—¥) #Z2hZhiigL
s A

¥, va7VERICHFET SV 7—ERGD
L0 — A B 50 SYERIB D % 22+
ShTwiwio®d, UFTHIFY-1,4-3-7 A
F—VhiEatEt IV a—ATHAT I 5T
HERLVOE®RTTELS—H, TV F-1,4-5-7
WhF—V IRV O—ATHLHILEF A
Ftivo—A (CMC) #4454+ 58EL VO

BRCCMCT —E LT 5,

WEBLUHE
1. >Aa7
S THISFERER L/ A6/ 7Y
(C. formosanus) OWSEAEUE L 7=, 7 S~ (Pinus
densiflora Sieb. et Zucc.) #fHf & LTHH L0
T %, ARG 1 AR S L7,

2. HEBEMODOHBRRDHAR

ks 7 9 A ) URERGRR & BB L7 BB AR
15, B & I U L s, MERARE Y 2y BT
Al S o8 % & ZICKEBEONED I~
L72=DT, Wil & ZONEWIIE AR /- Ak L

G L, THORS LY G/ -E#HBEALT0LLO
ARAEEER (43mM NaCl, 22mM KCl, 3.7
mM CaCl,, 14mM MgSO,, 8.6mM KH,PO,, 15
mM K:HPO,) (c&#L, Rod— - TILX—T 4
LREVFAF—IC LWL, EFREY 2R —
11,500 % g T 3 frlelics i L= Eig A%,
MERERR, HRB, %M, B XURIE TS ABEER
FEROMBERE Lc. £ TOERFII0~4TCT
To7

3. 2L OHIHRBFEOFAR
BS0080 6 vy FTHAES| XX, P
EEIBICE L, BARRCAA LB ARRE L
(LAtg, CORBHE T VABEHKTS), v
o7 ) i L UEB Y ch Th#E-EK (5ml) (12
B LEREYFHA AL REY 2 F— 719,500
x g T5MEE L7 EEL, LEAEAER LA, L
18 2 W A WS 47 L 30~609% ffCIoB L2zl %
FU19,500 x g T REL7 L, Ltk %S
K (5ml) |CEM LT, OB ## % Sephadex G-
15 (77 =v7) CTHRIEL, HESEELA, &
UZEFK (5ml) H5H\31.2meH20mM kY A-4
Fifgdi i (pH 8.5) ICHEML, o7 )@kt
BOBo MR L Lz, £2TORMFELI0~4T
TiT- 7

4. BEEHORE

Tt —YiGtk ; RERE (400p0) % 1 ml
D2Y% (w/v) 7T¥EIL (7FISFilfE7 o=
757 40—, 7FaY) - 0. 1M FeREEE R
(pH 5.0) & & 4,1230C T 6 BffiliR & 5 L7z, &l
SECEDTERLERYEC A EBARRICEE
N%ehiZSomocyr 3212 IC L DER LA, %7,
NS K77 757 ¢ —HOIEEIERFZE,



THoO07UOHELEARATOLIL S —EAREOGH & h CREEOR 5 21

5 (250p 0) & 2 %7 CvIL-RERERB MR (2504 Q)
OREWZ30C T0REIR L > L, £ LRt
AiER L7,
CMC7 —tiftt ; BHFFRE (400p0) % 1 mlD
2% (w/v) CMC (CMCH+ FUD L, THF4F
A7) -BeEfERETH & & LIC30C TI05MHR S S L,
AR L 7o e HE 4 SoMoGYn #5120 12 L 0 ER L7 .
NS A7 57 4 —Thl Lz@E45 (50p )
L 2 %CMC-FEREEMTIE (4501 0) DRAWH %30T
T3RRIR S L, CMC7 —UiEH:% BE L7z,
FD-7 oy X —YiElE SRR (4002 0) %
1 m¢D35mM D-4Y v v (o Z1{b) -BEmGE T
Wb L HIZ30C T 1RG4, R LSk
ZSoMoGYIEY ICL D ER LA, T AFALZD
< 757 4 —IZ K LcE g OEEL, Eig
(50p0) £33mMp-= +FB7 x =)L-5-D-7 )0
¥/ v F (v7=) -KEEmE 0p0) *RE
L, 30CT3RIRIESHER LAcp-= tEa 7 2
/= ER LY JIIE L7,
tovte Fos—vYEE a5L707% 757
4 —IZ X5 G0pl) #2mMp-= 07z =
W-3-D-La VA F (7<) -FeMik o (5040)
LEBIZIOCTIMMBRILSHER Licp-= FO
T/ —NVEERLELY,

1 RIS | BV D 7 ) a— A Y4 58T
HHRp-Z O 7/ NV EERTIERY
1 Unit & U7z, EESERRZEOHET & MEMEROH &
DBEL, AF 2—F v/ FOHBREW IZHEWT- 72,

5. h7L7A2 b 7557 4—
R A-EREERICER LT ) Rk

WOy HMBEER (500 () #20mM |1 A
figfirwe (pH 8.5) TF¥#{k L7-Mono Q HR 5/5
(T W=vT) BAAVERNT LMIEA LT,
0~ 1 MO L+ F Y AOBRERR (Fig.l, 2)
At WE 1 ml/ 5 THEHRL, Intdo5H L7,
YL 55—V iEHE OB & A 5 & 4 Sephadex
G-15CHgta L, mRESHENE L7z, S haMilli QK (100
pl) (ML, e Ry 4 (150mM)
L7-50mM Y EEEM# (pH 7.0) T¥E#{L L7
Superdex 75 HR 10/30 (7 v Iv=v7) h5 L7
O b 757 4 —%T- 712, BHEHIEAGRKS
e, WH500p /5, 5rEERS00p L TT- 7
L5 — gt OB S N 7o @5 % Sephadex G-15
THRYE L, TRESHERR L7c, WESERRIIER TV,
ZTOMMDOERIFIL 4 CTT- 72,

6. BWRKE

B LAt ivs —ElS 05 F ik % LAEMMLI #
B ZEWSDS-PAGE ( F7 v IUHERET 1) ™7 LR
U7 70IVT I FRZkE) THE L., 374&bb,
TRFSREE LB L 5 — %200 (0 OZEW:
# (50mM U A-EREfE@T# (pH 6.8), 8% 71
o—), 1.6%SDS, 0.001% 70€7x/—NL7
W—E0.04%B-ANHT TR/ —IV) ICER LT,
100CT5 7AW L7238 (10p0) LE#gEZ
N7 (EB5FRFxVTV—avFe b, 7700
2v7) #12%HAHWEI% (w/v) TZIIILT 2
F7 V% BAVT30mA Trklh L7z, vklhpe, 2 /%
JEHFRPEYF b M T 5w F) THREL,

7. >A7)ERICETI/E&MERILO—ZNKS
R

ERKICER L o7 ) Rk - SO 5 Hik
FFw (1.5m0) #1.5m0D 2% (w/v) 7 4)L-
MR L IRA& L, 30CTOBFMEIRE > LA, &
L BEC LD EE AR 2R L7,
ZFIa—A, Lot —AOER ; FBARKICE
A7 a—RktObd—RA% FU AFILV )L
(TMS) 1tL, HAZ7O= 757 4— (GC)
EDER Lz, TMSILBEO5#1id, Silicon SE-30
TN = LB, 130 CH 5230 C~DORIE 5 (7
B 5 C/7) T

8.207VERNICHEET IS ILI—X, bL/AnO—
A EFERDOTE R

BREE10038 A4 B2 5I L, M2t L7, BicHa&L
TWaIMY /3 &L, hil & RIIC L7,
HHBOBREY £ 7— F 11,500 x g T 3 55 R
SEEL, EEBARAEILLA, £ TO®RMFIE0~4
CTTIT-7
TIva—A, FnO—ZAOFER ; & EBARICE
FhAZNa—Ak FLno—A%RTMS{L LGCT
ER L, TMS{EEEOGHZ 7 Vva—A, Lol
A —ADER LR UEHETT- 7
FEREOTE N ; & L1862 o R (- L RN A
A~ Lo Hic, FEfEAGCTE R L7z, Unisol
F-200 (V—INWH A4 T /A) #FKMLIA- T L%
AV, 140CHBH180CADORETHT (AEEREI0TC
17) TR LI,

= =R

4 Tya7 ) OELE, SRR LRk
tHahi-7ts—iEl, CMC7 —ViGH & p-



22 tfiEE] b

D-Z)av #—tiEtEATable 1 IR LAz, 7T
TGN, SRR (36.4%) 70Tk,
MEREAR (19.6%) bR (18.1%) Iz T
L S h7, CMC7 — G | 30 e g b HH o C
BAL®<, TOMTbOMBEORMBK Tl S h/:
X LEEICE M-/ (p<0.05), 3-D-7Lo
VHA—-ViEREPBTRLE S, PlBTRHSh:
GOk RS h-EE LD EEICES» -
7z (p <0.05), RLEOBRMEICX LET75% 1244
T58-D-7 ) ay ¥ —ViEkErdl RIS h:,

a7 LU O 5 2 (ISR Lo
HBRER LAtV O— AR RIG S $- & 104
L7 a—ALtor4— AD#k#%ATable 2i
kL7 a7 ) Skt KUERES SRR L Ao wEE
FRIIRE SV O — A% i ) OFE TINKS #
LT/ va—Aktobt—A%4ER Lz, 6 FR

OGS #7581, #BaBRVooo7 ) ko
SRR LR SR 7V a— AR, i
OFTHUERIZ I VERINA7Va—AK LD
LFI50% & h - 1o #9442 EIV /OO F—A
R HOICEE AN, HIBOS S R e %
T3 6 RelE), $RBs A bR\ /oo o7 ) @O o R
BETIL IR TH - 7=,

A7 UEHICEH57ILa—A, FLn
00— A & EEfE O 4 #ii 7 Table 312 L7z, Bodic
e+ A7 I a— ADOF66% <, 7 F L
H— AT g TS/, £/, Bosh
DT I A—AOKF 5 IBEE & ZORBEHPIZTHF
fEL T\, a7 VAT ZILa—2A (§993%)
Erno—2A (§987%) OKE5 AR
07 U ERIC, S & IABIICIE LA K ORERE (K9
75%) EBARICRIESh,

Table 1. Distribution of cellulase components in the digestive system*
of the worker caste termite of C. formosanus.

Activity (mU/termite) +=SEM

Salivary glands Midgut Hindgut

Foregut/
dissected-body

Avicelase 0.454+0.113at 0.420+0.063a 0.845+0.105b 0.603+0.108a,b
(19.6)1 (18.1) (36.4) (26.0)
CMCase 28.1+1.35 17.2+1.25¢ 14.8+2.11c 21.4+2.57c
(34.5) (21.1) (18.2) (26.3)
8-D-Glucosidase 2.65+0.550d 15.7+2.04 0.867+0.121d 1.58+0.0421d
(12.7) (75.5) (4.2) (7.6)

* Salivary glands and whole gut of seven worker caste termites were removed and the gut divided into
foregut, midgut, and hindgut. The foregut and dissected-body segments were combined for all analyses.

1 Values represent means of five replications =SEM.

Values followed by same letter are not significantly different (p > 0.05).
1 Values in parentheses represent relative value (%) of total enzyme activity.

Table 2. Rate of hydrolysis of crystalline cellulose in the hindgut and termite tissue* homogenates.

Amount formed from crystalline cellulose (nmol/termite)

Incubation period (h)

Hindgut preparation

Termite tissue preparation

Glucose 0.1 0.58" (44.6) 0.72 (55.4)
3 6.12 (42.3) 8.34 (57.7)
6 10.7  (40.1) 16.0 (59.9)
Cellobiose 0.1 0.45 (13.0) 3.0 (87.0)
3 28.5 (40.3) 42.3 (59.7)
6 424 (47.2) 47.4  (52.8)
Total 0.1 1.03 (21.7) 3.72 (78.3)
3 34.6  (40.6) 50.6 (59.4)
6 53.1 (45.6) 63.4 (54.4)

* Gut was pulled out and divided into midgut and hindgut. The midgut was combined with the gutted-body.

t Values represent means of two replications.

1 Values in parentheses represent relative value (%) of total amount of saccharide at the same incubation

period.
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Table 3. Distribution of glucose, trehalose, and acetate in whole-body homogenates.

Glucose Trehalose Acetate
(nmol/termite)
Midgut homogenate* 7.5 0.92 8.61
Hindgut homogenate* 3.9 2.7 :
Gutted-body homogenate' 147.5 24.3 2.8

* Midgut and hindgut homogenates were prepared from whole gut, which was removed from dissected body.
1 Gutted-body from which midgut and hindgut had been pulled out.
1 cetate was assayed in gut homogenate, which comprised midgut and hindgut.
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Fig. 1 Partial purification of cellulases in the termite
tissue extract from C.formosanus on a Mono Q HR
5/5 column. A 500 g ( of the partially purified en-
zyme (420 termites/ml) dissolved in 20 mM Tris-
HCI buffer pH 8.5 was applied to the column and
eluted at 1 ml/min using a 0-1 M sodium chloride
gradient in the same buffer. A, Absorbance at 280
nm; M, avicelase, @, CMCase, +, R-D-glucosidase,
and [_], cellobiohydrolase activities.
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Fig. 2 Partial purification of cellulases in the hin-
dgut extract from C.formosanus on a Mono Q HR
5/5 column. A 500 ;¢ ( of the partially purified en-
zyme (420 termites/ml) dissolved in 20 mM Tris-
HCI buffer pH 8.5 was applied to the column and
eluted at 1 ml/min using a 0-1 M sodium chloride
gradient in the same buffer. A, Absorbance at 280
nm; [, avicelase, @, CMCase, +, R-D-glucosidase,
and ||, cellobiohydrolase activities.
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Fig. 3 Elution profiles of partially purified cellulases
on Superdex 75 HR 10/30 column. Partially purified
cellulases from the termite tissue extract (T1, T2,
and T5) and the hindgut extract (HG2) by Mono Q
/\, Absorbance at 280 nm; @, CMCase
activity. Arrows indicate bovin serum albumin (67
kDa), ovalbumin (43 kDa), deoxyribonuclease I (31
kDa), and cytochrome C (12 kDa) eluted as
molecular weight standards.
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Fig. 4 Estlmatwn of molecular werghts of the puri-
fied cellulase components in the termite tissue of
C.formosanus on SDS-PAGE (a, 12% and b, 15%
acrylamide). Proteins were visualized by silver
strain. Lanes: M, molecular weight markers; 1, cel-
lulase component with avicelase and CMCase ac-
tivities (T1); 2, cellulase component with avicelase
and CMCase activities (T2); 3, cellulase component
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Fig. 5 Estimation of molecular weights of the puri-
fied cellulase components in the hindgut of C.for-
mosanus on SDS-PAGE (12% acrylamide). Proteins
were visualized by silver strain. Lanes: M, molecu-
lar weight markers; 1, cellulase component with
avicelase and CMCase activities (HG1); 2, cellulase
component with avicelase, CMCase, and cellobio-
hydrolase activities (HGZ2).
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