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R 1. ABUCRIRARRAHE R
Table 1. Termite-derived lignocellulose degrading enzymes
Enzyme type Enzyme names Termite species GH family References
Endo-f-1,4-glucanase RsEG Reticulitermes speratus GH9 [24]
Endo-f-1,4-glucanase MDbEG1 Macrotermes barneyi GH9 [25]
Endoglucanase RsEGm Reticulitermes speratus GH9 [29]
Endo-f-1,4-glucanase A18, PA68 Reticulitermes speratus GH9 [30]
Nasutitermes takasagoensis
Endo-f-1,4-glucanase RsEG, NtEG Reticulitermes speratus GH9 [31]
Nasutitermes takasagoensis
Endo-f-1,4-glucanase YEGI1, YEG2 Reticulitermes speratus GH9 [36]
Endoglucanase NtEgl Nasutitermes takasagoensis GH9 [37]
Endoglucanase nCfEG, tCfEG Coptotermes formosanus GH9 [38]
Endo-f-1,4-glucanase GI1A,Y97W, K429A Reticulitermes speratus GH9 [39]
Endo-f-1,4-glucanase BEVS-expressed enzyme Reticulitermes flavipes GH9 [100]
p-glucosidase MaBG Microcerotermes annandalei GH1 [26]
Glucosidase RsBGI,RsBGII Reticulitermes speratus GH1 [27]
Glucosidase ND Neotermes koshunensis GH1 [40]
Glucosidase ND Reticulitermes flaviceps GH1 [41]
Glucosidase rfbgluc-1 Reticulitermes flavipes GH1 [42]
Glucosidase BglB Reticulitermes santonensis GH1 [43]
Glucosidase G1lmgNtBG1 Nasutitermes takasagoensis GH1 [44]
Glucosidase GINKBG Neotermes koshunensis GH1 [45]
Glucosidase NkBgl Neotermes koshunensis GH1 [46]
p-glucosidase MbmgBG1 Macrotermes barneyi GH1 [47]
Glucosidase bgl5, bgl7, bgl9 Macrotermes annandalei GH1 [48]
Glucosidase ND Coptotermes formosanus GH1 [50]
Glucosidase bgl-gs1 Globitermes brachycerastes GH1 [75]
Laccase RfLacA, RfLacB Reticulitermes flavipes ND [33]
Laccase Lacl Coptotermes formosanus ND [35]

ND: not determined.

REHREA

, EGEHF AR

URL AL DX, R

S B B v R RS SR .

W0 B U SR SEWE RN T 4E — W%, T BG iff—2
W £ 2 WK g B A WE S TR . e
[ 37 25 A i i B W0 AR B K 1B Hodotermopsis
sjostedti, A5 VBN IR LT 4k 3 WAL 2T 24 310
Pl B ple =R AN, R RNA FHeH AR ST
BIEFLABNIER EG 1 BG BERER, fE15AH
ik 5 P AT, T B AR R U N A T AR Y
i, d B L ASON IR AT 4E 3R A AR KR R P
FAEHPY,

KTV HERIEMNE, J8 HATPrm, a¥A

actamicro@im.ac.cn

e SR 2R 2 43 At R ARG A5 1 I (88 g 181 ) 1
N & A NIEE B B (RfLacA Fl RfLacB), H =41
FUTEME W BRI 53 M B A o e B AR
ﬁ%éﬁ, LIS BT PN A % il PR Y D B R
IRFNAAY, . 2 R R B R SRR —IT TR
4 TR IR B BTG P, TXT 4 Fh R A R AT
JUTP AWM, 5353 8 20 3 i ] LUB i i
PEARTTER, XEHFFERB] T H N T R i ] e
FEA G R Bl B REERD Y, Iush, R
15 F F W (Coptotermes formosanus)F W& E T N



T | kP, 2020, 60(12)

2639

VEPEBRBGIE lacl, HAERLH SO MiEHsisl T
SIRF IRk, ALEREEAE pH 4.5-7.5 AT5ME,
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Fr R e SR P o3 i M85, IR RESR R rh E 2
Fik T —4 GHI0 FKIEMARBEIGILHED, Hdl
FTIBH AR TRBERE (xy1726) 7> 752974 34 kDa, Lt
TEPER 80 U/mg (3% 2).
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fEmg: R E A AW EA S,
G PR AE R S WOR T AT 4 R R R R R R
BAER . BE S AW (Nasutitermes) 1 7% FE R 41 2
R RBIG A &A 700 Z2 AT 7K i i 2 5y
H, r5ET 45 DoKAE YRR G, Hoh
100 4> BE R FNLF4E 2K ARAROC, A5G GHS 214
HME. GHO4 £F 4k —WH/£F 4 RS 0l R AL g 2 A0
GHS 1 PAYI ] SR /o A VBRI 5% 3ol Ay
Fosmid SCEFIYIRETGE , W AR I Globitermes
brachycerastes) 1+ g K [ W (Macrotermes
annandalei) N Fi 15 55 WU I 604 0 kR
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REUOCT. N 50000 A4~ sepE R AT E] 464 A HA
MY Z S e ny sk, Kb s 267 Y]
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A 101 SN PIARSRBERESE FHPE v b, %EE T
219 AT REFEMRATYER | L 4E 2RI 1Bk AL
G WK gL RO SRS B Trinervitermes
trinervoides J5i B 4l R 4T 22 R b, R
25 FhLT 2 KA 27 4R 2K e 0 R B AE , AT
J&T GH5 4§ 11 MAFZKE, Hi 8 ANEEF RS
WesE N NPT 4 R i (GHS5C . GHSE . GHSF #l
GH5G) . #MJZF 4 R (GHSD) . N U)K 5 4k il
(GHSH 1 GHIDFI o-75 FEMT B (GH29), H
GHI1 FJEI) Xyll &2 W HE p-1,4- AR M , i
TRZEAIRFN 2 ABRK AL 25 -G 3 CBM)A

CBM &£ LSS G AN AR RS, REOS4R S /K
B A RN VIEELE pH 6 1 50°C 2414 T 161
el R IR AR SR HE R B RIR =5 (3R 3)
UEAh, RI Xyll X RERRA (1 an/NEz PR AR
MW B A bRe ), X A RO R Ak
A 0 R 5 W (R VT A AR T X A AT
T BRI ZE T T MR AFE R B

SN, TS WA C I AR BT £ 2 3R i S N
Bl &g Ll 5 IS i PR V70 SR it 1 97 T e A I

2. FERHRERBRARRAU R

Table 2.  Protist-derived lignocellulose degrading enzymes
Enzyme type Enzyme names Termite species GH family References
Endo-f-1,4-xylanase xyl726 Coptotermes formosanus GH10 [53]
Xylanase CfXyn-1,-2,-3 Coptotermes formosanus GH11 [58]
Endo-f-1,4-glucanase ND Coptotermes lacteus GH7 [60]
Endoglucanases ND Mastotermes darwiniensis GH45 [61]
Endo-f-1,4-glucanase CFP-egl Coptotermes formosanus GHS [62]
Endoglucanase RsSymEG1 Reticulitermes speratus GH7 [63]
Endo-f-1,4-glucanase RsSymEG2 Reticulitermes speratus GH45 [64]
Cellobiohydrolases ND Reticulitermes flavipes GH7 [56]
Cellobiohydrolases PgCBH Coptotermes formosanus GH7 [57]
Cellulase ND Coptotermes formosanus GH7 [65]
Cellulase ND Reticulitermes speratus GH45 [66]
Cellulases Cell-2,-3,-4 Reticulitermes flavipes GH7 [67]

ND: not determined.
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Table 3. Bacteria and fungi derived lignocellulose degrading enzymes

Origin Enzyme type Enzyme names Termite species GH family References

Bacteria Endo-f-1,4-xylanase = mXyl8B8 Reticulitermes santonensis GHI11 [59]
Endo-f$-1,4-xylanase  Xyll Trinervitermes trinervoides GH11 [70]
Xylanase XYL7 Globitermes brachycerastes GHI1 [76]
Xylanase Xyl-ORF19 Globitermes brachycerastes GH10 [77]
Xylanase NtSymX11 Nasutitermes takasagoensis GHI1 [78]
Xylanase IIPSP3 xylanase Wood-feeding higher termites ND [94]
Endo-f-1,4-glucanase  EglC22b Reticulitermes labralis GHS [92]
Endo-f-1,4-glucanase  f-1,4-glucanase Anacanthotermes ND [93]
Laccase ND Cryptotermes brevis ND [95]

Yeast Xylanase SSA-1542T Reticulitermes chinensis ND [91]
Xylanase MD39VT Mastotermes darwiniensis ND [96]

Fungi Xylanase ND Macrotermes muelleri ND [84]
Endo-xylanase XI1T, X2T, X1Mc, X2Mc Macrotermes bellicosus ND [97]
Xylanase ND Grass-feeding termites in Thailand ~ GH10 [98]
Cellulase ND Macrotermitinae ND [88]
Laccase ND Odontotermes formosanus ND [89]
Laccase lecl-2 Microtermes in Thailand ND [105]
Cellobiohydrolases ND Reticulitermes speratus ND [100]

ND: not determined.

FEAE T R EEE T, R T LU W 2T 4 2
(18 995 328 1 P AR L S PO o R A
WY Nasutitermes corniger #4785 F 4020 M1, K
J5 B R 1 T e = S AR AE R BE AR AR OCI X
SIS AT A R — B E A U I A0 AT R
R TAREE WU AN, 77 AR AR B 2T 4 K
BEZHERBOEM. NeEFE AW
Globitermes brachycerastes i & Ff H 55 g 3| £
FIA DIRETS PR £F 4E —WEACmeE, Hrh s g4
AMETY G . 27 48 —WEWEMRALEE . phopho-6-4-7 %)
W I T R A RS, X — S RT3
WA . FAMBUNE SR AR A G brachycerastes
J T A ) RS 2 D RE R AR BETY I, I
P SR IR IR Y A T B BR A B-AWE I
GN, AT BRI B, o BT 7 AP B T 1
TN BEFERR AR A 1 U 1 R A T —

LT, 78R B s AR
(4 p-A A BETE I (bgl-gs 1) M T $ ) B3 B 1
HAFE IR R F] 90 °C, #£ 75 °C 46 2 h J5 16k
T4 70%LA ERTEYE . ILAME R IAFF A T E 4%
K1 GH11 AR SBENE XYL7 7E pH 5.5-10 Fbig ks
K 6340 U/mg!®, /R 25 2o AE Sl ok U5 (0 i
AT WEAE Y Tl A

SR EAS LGB LR 3 E A
2 UL Rgskle, REM AW Gbrachycerastes
A0 R IR B K R BERS Xyl-ORF19, fuf 1 4
GHI10 fEALZEHIR AN 1 A4 Tg-like A ILEEF 1T
(3 3). B HML Nasutitermes takasagoensis 1M [F
PR A TBERG NtSymX 11, £05 1 Mkt |
2 MK EYI4E A W H(CBM36), CBM36 1] L)
ReR VK it 7 I R B R A F T R E M, IR A e
TS JES 400 0 2 R 2 e R P
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2L YA WIEPEAR S bENE , BTt
AR A Wl U B o R AT A 2R FE AR AL
24, BIFFET] Bacteroidetes @1 GH10 )
DAY A SRR J2 HE~ £F 2E R R A PO e 5
LA, BRI GHI1 ZR NI SR
il 4 AR AP

KT ARBR AN, AHGEFR, NESFEEAR
I Microtermes pakistanicus JiE "5 85—k
HA MR R IFREAE R AR B R Y ph i g 4k H ik
HAE KA bR MP-4. Rtk MP-4 Al )" 4= — Lty
Gh, EARBRRZMTE S/G LI IREE Y
KA, MR REA TR,

33 HEHRKRAHERN

A BE T P10 T8 A 240 0 D et el R i ) AT
5%, IR R A 0T 27 4 3 R ik i ) ot 52 4
Ped/b, HE SR E R W PO i . WF5ER,
B R P S IS PN T Y A R G RE AT R A )
P2 R T ) A 2ok ECE T R v ) B AR
PHEFE R, EE = A W 0™ A A
[V 52 LB P B A6 Rouland % 48 18 M55
W 18 (Macrotermes muelleri) N F: A= B H 43
Al B 2 2 R AR BRI (R A
KOy F2 ) USSR AR E Ay 5 R
W TR ) S A L R B R B S 1, R I
T 1 IR o) S A AR R A, (HBCA R
I 1) A Joit 2R Pl M o AR T Tl o RSN T A 2
ST SERE T F 22 AR ) 20 R R R A A DG S A1 17 [+
WA, 2K R WX I\ T B A R Al AR 5T R 1 BE
JyESN H AR s A T R AT R TR O
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Advances in lignocellulose-degrading enzymes from termites
and symbiotic microbes

Yutong Jiang, Shuo Zhang, Zijia Lin, Jinfeng Ni
State Key Laboratory of Microbial Technology, Shandong University, Qingdao 266237, Shandong Province, China

Abstract: Lignocellulose is the most abundant organic polymer on earth. Termites are one of the oldest but most
successful and efficient lignocellulose degraders. Understanding the mechanism of effective degradation of highly
resistant plant polymers by termites has important guidance for industrial biomass energy conversion and
biomimetic design. The lignocellulases produced by termites and their symbiotic microorganisms play an important
role in the conversion and utilization of lignocellulose. This article summarizes the research progress in producing
cellulase, xylanase and laccase by termites themselves and their intestinal protozoa, bacteria and fungi, and
suggests future problems and prospects. This review is helpful for a comprehensive understanding of the
lignocellulytic gene type, source, distribution, expression, and enzyme activity and function of lignocellulases in
termite digestive system.
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