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ABSTRACT: In this study, gut bacterial communities in xylophagous insects were analyzed using the pyrosequencing of 165 rRNA genes
for their potential biotechnological applications in lignocelluloses degradation. The result showed that operational taxonomic units
(OTUs), species richness and diversity index were higher in the hindgut than in the midgut of all insect samples analyzed. The dominant
phyla or classes were Firmicutes (54.0%), Bacteroidetes (14.5%), y-Proteobacteria (12.3%) in all xylophagous insects except for
Rhinotermitidae. The principal coordinates analysis (PCoA) showed that the bacterial community structure mostly clustered according to
phylogeny of hosts rather than their habitats. In our study, the two carboxymethyl cellulose (CMC)-degrading isolates which showed the
highest enzyme activity were most closely related to Bacillus toyonensis BCT-71 12"and Lactococcus lactis subsp. hordniae NCDO 2181,
respectively. Cellulolytic enzyme activity analysis showed that 5-1,4-glucosidase, -1,4-endoglucanase and 5-1,4-xylanase were higher
in the hindgut of Cerambycidae. The results demonstrate that xylophagous insect guts harbor diverse gut bacteria, including valuable
cellulolytic bacteria, which could be used for various biotechnological applications.
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Fig. 1. Sampling locations of decayed tree-inhabiting xylophagous
insects (Lucanidae, Cerambycidae, Cryptocercidae and Rhinotermitidae).
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Table 1. Sample list of xylophagous insects collected

Sample ID* Sampling date Sampling location Insect species Sample type
14CH 3/28/14 Andeok valley Megopis sinica Hindgut
14CM 3/28/14 Andeok valley Megopis sinica Midgut
16LH 3/29/14 Mt. Halla Dorcus titanus Hindgut
16LM 3/29/14 Mt. Halla Dorcus titanus Midgut
20LH 4/9/14 Mt. Yongmun Prismognathus dauricus Hindgut
20LM 4/9/14 Mt. Yongmun Prismognathus dauricus Midgut
22CH 4/9/14 Mt. Yongmun Megopis sinica Hindgut
22CM 4/9/14 Mt. Yongmun Megopis sinica Midgut
26KH 4/19/14 Mt. Seorak Cryptocercus kyebangensis Hindgut
26KM 4/19/14 Mt. Seorak Cryptocercus kyebangensis Midgut
32LH 5/1/14 Mt. Palgong Prismognathus dauricus Hindgut
32LM 5/1/14 Mt. Palgong Prismognathus dauricus Midgut
33RG 5/1/14 Mt. Palgong Reticulitermes speratus Wholegut
35LH 5/10/14 Mt. Jungwon Prismognathus dauricus Hindgut
35LM 5/10/14 Mt. Jungwon Prismognathus dauricus Midgut
36CH 5/15/14 Mt. Gyeryong Megopis sinica Hindgut
36CM 5/15/14 Mt. Gyeryong Megopis sinica Midgut
40LH 5/20/14 Ulleung island Dorcus rectus Hindgut
40LM 5/20/14 Ulleung island Dorcus rectus Midgut
43RG 5/21/14 Ulleung island Reticulitermes speratus Wholegut
44LH 5/21/14 Ulleung island Dorcus rectus Hindgut
44LM 5/21/14 Ulleung island Dorcus rectus Midgut
47CH 5/21/14 Ulleung island Psephactus remiger Hindgut
47CM 5/121/14 Ulleung island Psephactus remiger Midgut
48LH 5/122/14 Ulleung island Lucanidae sp. Hindgut
48L.M 5/122/14 Ulleung island Lucanidae sp. Midgut
S3LH 6/11/14 Mt. Halla Figulus venustus Hindgut
S3LM 6/11/14 Mt. Halla Figulus venustus Midgut
S54CH 6/11/14 Mt. Halla Cerambycidae sp. Hindgut
54CM 6/11/14 Mt. Halla Cerambycidae sp. Midgut
S4LH 6/11/14 Mt. Halla Dorcus rectus Hindgut
S4LM 6/11/14 Mt. Halla Dorcus rectus Midgut
S6LH 6/12/14 Mt. Halla Dorcus rectus Hindgut
S6LM 6/12/14 Mt. Halla Dorcus rectus Midgut
59MH 7/9/14 Suwon Monochamus alternatus Hindgut
59MM 7/9/14 Suwon Monochamus alternatus Midgut
60CH 7/8/14 Mt. Chilbo Cerambycidae sp. Hindgut
60CM 7/8/14 Mt. Chilbo Cerambycidae sp. Midgut
60LH 7/8/14 Mt. Chilbo Dorcus titanus Hindgut
60LM 7/8/14 Mt. Chilbo Dorcus titanus Midgut

* Sample ID: number, sampling order; alphabet, acronyms for the insect species and sample type
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Table 2. Summary of the pyrosequencing data and pH values of xylophagous insects guts

Species richness®

Diversity index®

Insect family ~ Sample type ~ No. of OTUs" - pH
Chaol Ace Shannon Inverse Simpson
Lucanidae Midgut 211 (81-547)°  286.3 (104.1-593.5) 302.1 (106.9-604.5) 3.5(2.2-5.1) 18.2 (3.6-65.5) 7.7 (6.4-9.5)
(N*=11) Hindgut 405 (95-607)  462.5 (116.4-664.3) 464.7 (121.4-671) 4.2 (2-5.2) 29.7 (2.5-84.5) 7.0 (6.3-7.8)
Cerambycidae Midgut 44 (12-84) 78.3 (33-202) 115.4 (36.8-379.7) 1.7 (0.8-2.5) 2.9(1.7-4.5) 6.5 (5.5-7.8)
(N=7) Hindgut 116 (15-373) 156.8 (33-439.3)  166.1 (38.6-429.2) 23(1-4.3) 8.8 (2.3-26.5) 6.3 (5.0-7.2)
Cryptocercidae Midgut 41 91 168.3 1.6 4.1 5.4
(N=1) Hindgut 237 304.5 3103 3.1 6.1 4.5
Rh’”?ﬁi’;;”d“e Wholegut 193 (177-208)  228.7(205.7-251.7) 235.1(2165253.7) 43 (42-44)  30.9(23.7-38)  6.5(6.4-6.7)
* Calculated at a 97% 16S rRNA similarity cut-off
" Brackets: minimum and maximum values
N, the number of samples
100 9
500 1 w Others
* —=— Cerambycidae-midgut —_ .
- o —e— Cerambycidae-hindgut $ 80 pirochaetes
2 4004 * . A —A— Jucanidae-midgut ‘; —
3 * —*— Lucanidae-hindgut W onctasiti
2 3 o i “ +(fr’;;:’r:ejﬁe::}:e-&lﬁidgut E 608 &\\ fassified
3 300+ * o —%*— Cryptocercidae-hindgut = M“’"’”“"’”m
la * A X —X— Rhinotermitidae-wholegut g Betaproteobacteria
5 200 * M X% == i s 40 phaproteobacteria
5 KA e ).( o g Bacteroidetes
E K™ o - k= \ )
Z 100 4 & ¥ .wT - = 20 Gammaproteobacteria
A % : -t & Firmicutes
0 ’! e ** : .
0 500 1000 1500

Number of reads sampled

Fig. 2. Rarefaction curves indicating the observed number of OTUy.q3
within the 16S rRNA gene pyrosequences derived from xylophagous
insects guts.

Proteobacteria (37.1%)7} 931tk sha4 5 AU Al
RS B o|d AFtol|A S| U= =A(dnoplophora
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ST} 228t o) EAboll+= Firmicutes (59.1%), Bacteroidetes
(39.3%)7} AR, TA M= Firmicutes (77.2%),
Bacteroidetes (10.5%) 78351 t) 4714 2] #o|(chicken feed,
soy, wheat bran, bran-cellulose)S ¢l v} Bd|(Shelfordella
lateralis) 53] AUl Al 24 41T 011 2170l ofsfat
bran-celluloseS HQl S. lateralisS A|2)5}l= Firmicutes,
Bacteroidetes, Proteobacteria7} -7 5}$ 2.1, bran-cellulose
£ WIS lateralis o A= Firmicutes 2} Bacteroidetes Tt $-7
5} thSchauer ef al., 2014). 31 7|u| 2] A= Actinobacteria

(25.5%), Bacteroidetes (23.0%), Firmicutes (22.4%)7} -5 5}

&S| 2] A51E AZE

Midgut Hindgut Midgut Hindgut Midgut Hindgut Wholegut

Lucanidae Cerambycidae  Cryptocercidae Rhinotermitidae

Fig. 3. Phyla distributions of gut bacteria in the insect families Lucanidae,
Cerambycidae, Cryptocercidae and Rhinotermitidae. For Proteobacteria,
class distribution is indicated.

Fa1, o & 223 2] Spirochaetes (8.3%) 7} E0]2 0 &2
HAEHA 54 A48l s3I0 vll Reticulitermes

speratus 2] Y Spirochaetes 2] W|E(42-63%)-2> & oL 2
Fo}= 2}o)| 7} Q) AL, Bacteroidetes (3-19%) L} Firmicutes-&-
BV ¥ &2 B2} tHGrieco ef al., 2013; Brune, 2014).
o] Atoll A= HAE A Aot L m & A Helel &
2J(paunch, third proctodeal segment)oj| X|+= Spirochaetes -
of| &53h= Treponema 4:2] H]-&-0] =k o0, =2 o] JLAJA]
2] cellulose 2} xylan 2] £-3f, CO,-2HY-S S5t acetate T4, 2
23174 59 98- eystrtal R s It Warnecke ef al.,
2007). BREA(Ga, ST} BEA (AL, 22T o]
2 ol Blm) o] ) Al S Wm0l Ao AE,
Firmicutes?} Spirochaetes= S}, R A E5S HE=wE
HLZoA TRk Q7] wZoll, o] 5ol £
2 Boshs oS 2qe 2102 A= n(Huang o dl,

2013), O] 5 ERF-L K AT 0] A 31%2] ] &L 21|51 9]

[ilu:

A1&-9] lignocellulose
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QL) 25 B S0 K AR |9} 5127} 453k Coleoptera
3k F2ut et S| 7t &%) Blattodea 2] N+t w25
B 1S, y-Proteobacteria= 31384 5710.5%) 1 TAF
(0%), S17Hm] ZH(1.4%)H et AR F78(17.0%) 2 5%
(4.6%), k4> F7H25.6%) 2 F73(37.1%) ol Al A Hleol =
2 ubH, Bacteroidetes'= A58 S3H(1.8%) 1} 74H(12.3%),
a4 T782.6%) 1 73(11.8%) Hr} Z1-2-81H] 5-74(39.3%)
A} 27H(10.5%), S170] ZH(23.0%) 0014 H-f B]E&o] =UTh
7R E A Llgt Y 2] Lol A= Firmicutes (38.0-78.2%)
o] v &-o] 71 &8k o m, Aks e 9F 55429 Bacteroidetes
O] Hl&-2 F74(1.8%, 2.6%) ]l BI 3l S7(12.3%, 11.8%) ]| 4]
=¥t} y-Proteobacteria 732] Enterobacteraceae 1= 17}t
3} 250] ol A Wl 2ol o] ulehle] gy, =
I AYAE Ho|E Baljgttta B 1%l 2 mH(Xu and Gordon,
2003), o]= & A AR HI(21.5%) 2} 3154x(61.6%) 2]
Zroll FAYskaL ATt Actinobacteria® 43 W2 FE2
cellulase?} xylanase S AJAFSHCFAL 1 315 Q1 O H(Lykidis et
al.,2007; Park et al., 2007), 2 ¢7Lof| A BAJ3F LE 1203~

25.5%) 9] 7ol FA5HaL 23

71X 7o) AT 7oH] FARES A2 R ¢l unweighted
UniFrac 413} 5 1= H3 5= OTU 9] S eof| A
St Theta-YC distance indexS- ©]-85}93 th. Theta-YC distance
indexE o|-83 S| AET B4 Auh, ARSHY SHA IR 4
JN(16LH, 35LH, 48LH, S3LH) A 2.9} 2w ol A 243t 5}
E24:270(47CM, 47CH) A BE A LG U A A 55 F o
o} Al el £ TR 2 AR QAT on, 25
A& oA FAt 3312] 2fo]+= ¢l I th(Fig. 4). Unweighted
UniFrac-PCoA EAo| M= &5 % steAhE AlQjstar 2 2
F TR 05 He A& AT = QSIt(Fig. 5). A
ARk 23 257 Al 2T U 2 e

Ul A A0S & 5 AT Hae @A S Pyrrhocoridae) 54
1=]
pLa

of Al 77 TR HAIRE o] A A M E 2R S
7 A2 7k 2 2ol 7} QiAITE 252 o] uke} Wikt

3 H 73}t Sudakaran ef al., 2012). E3F 22 A
(xylophagous) 217]ju] o] Zhfj Alat 22 A= Ze2EE
3 Al Sl i of|, ZEALA) AY(detritivorous) 31 7] )= wh W )
2(Coleoptera)3} 72| (Diptera)} 2+ A2 T2 2] 2
AP EE A Al o] SARIt T BaEYn
(Colman et al.,2012), T3+ 2 EA T} B4 A1 52 9] 317}

Cerambycidae

Lucanidae

Rhinotermitidae

Cryptocercidae

Fig. 4. UPGMA dendrogram constructed using Theta-YC distance indices
showing similarities among the bacterial community structure in the insect
families Lucanidae, Cerambycidae, Cryptocercidae and Rhinotermitidae.

u)(Reticulitermes flavipes)ol| 4] & 2 o] & W Q] L7 tof| A+
W Al 23 o] FARSH = A5 150 wj(Huang et al.,
2013), 258 A Ml - Holof oJgk Jifo] AR
ek ATk

3 MBS0l M4 HafEs

i}
04
m
B

o
sl ARsEE 9 A eSS 4719 A= o 71E
(salicin, 31,4-glucosidase; CMC, (1,4-endoglucanase; Avicel,
[-1,4-exoglucanase; xylan, 5-1,4-xylanase)1} BF-3-A| A -5
A 84 AL =5 tHFig. 6). 5-1,4-glucosidase (salicin)
BAZTAL 14 CM, 20 CM, 22 CM, 54 CMoj| A= =Ho] &
7FeE AER =& A5 UERANL 374 7Heet A=
A]+=36 CM, 47 CM, 60 CM 9| A] 25.2-31.5 mg glucose/g gut
extract2 7} =911, ThE A| 2o A+ 0.7 mg/g ©| 312 24
o]yttt A1,4-endoglucanase (CMC) a4~ AL 34

04 A Cerambycidae Jeju island

% Lucanidae A A
Middle part Southern part
@ Rhinotermitidae

0.2 B Crytocercidae
e
=
N
= o0 | i
) * Middle part = A Ulleung island
%l * Jeju island Middle part
Q * Ulleung island
=¥

—0.2 % Southem part

Southem part @

Ulleung island @
-0.4 4

T T T T T
-0.4 -0.2 0.0 0.2 0.4

PCol (24%)

Fig. 5. Communities clustered using PCoA of the unweighted UniFrac
distance matrix. The percentage of variation explained by the plotted
principal coordinates is indicated on the axes.
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- p-1,4-glucosidase
m f-1,4-endoglucanase

f-1,4-exoglucanase
f-1,4-xylanase

30+

20

Enzyme activity (mg/ml)

Cerambycidae Cerambycidae Lucanidae
midgut hindgut midgut hindgut

Insect family

Fig. 6. Cellulolytic enzyme activities (5-1,4-glucosidase, 3-1,4-endoglucanase,
B-1,4-exoglucanase and 3-1,4-xylanase) from larval insect gut extracts.

& A7 o4 14.6-21.5 mg/g o] F o = ThE 2250 H]
ESITh HESea S AR &8l &2 1.6-5.2me/g
o[ AL, 71 9 o] Al Z o A= 1.1 mg/g O|SF= Shzax Al =} H]
slo] Wkt 31,4-exoglucanase (Avicel) G4~ AL AR

| S74ALM)OA 1.2 mg/g = ThE A A EE5ol sl
oL, thE 71A 9 Half Dol Hlsh AAs] Wkt &
1,4-xylanase (Xylan) &4 AL 123719 a4 g4 Bt
R =0 Th 53] shsd S Al7ollA 7 &40l =%
o, B R E shea0] $7(1.4-5.8 mg/g) Kot 54
(21.0-33.8 mg/g)ollA] BAdo] =8kaL, Ak del= 4 FelEE
A4 Y0 Zfo) 7} AA] Sk Al F5-2] 71 (salicin, CMC,
Avicel)2 Ealol= -2l L2 sl=2(4dnoplophora glabripennis)
of ) F B 2AT o)1 A0} ¥l WAL (Geib
etal.,2009), & A719] &4 A A= £ 1,4-endoglucanase
> [31,4-glucosidase > (31,4-exoglucanase <=2 2 U |5} T}
=4 (Cerambycidae), Yol (Bombicidae), W57 | (Acrididae)
O A} Sl gk o] At 5 H W AR el &
4> g/go] dRba o 2 A3 wo] o] A4 24 at AtEof
& Aolgfar Rl KShi et al., 2011).

i e Rl O 9 ofx

AX

Y MiZ Y MSA BsiFel U

Sl 770 Al mo} Al e 97) Al me) g Al 2
274517] $15}0] R2A W72} Media 11 2] 5 A18-510] 4
9= 343wk g 45} QITh(Table 3). A Ale] W=
R2AC] H|OFEE BH5(447.1)0] FARol A 714 k) R2
9} Media T ¥ 2] ol 4 ] Alate] Wl ie = Bl 47} Al )

A Hz

>

=32l Al As1d A3E

Table 3. Colony counts per g gut extract of two insect families on R2ZA
medium and media II (x 10’ CF U/g gut extract)

Cerambycidae (N=T) Lucanidae (N=9)
Mean Min. Max. Mean Min. Max.
R2A 55.3 0.7 1387 139 1.0 101.0
Media I 44.6 0.8 1457 124 0.3 89.7

Gut type Medium

Midgut

_ R2A 447.1 85 896.0 299 1.2 2193
Hindgut
Media T 3264 79 7793 27.0 0.6 2213

Table 4. CMC-hydrolyzing colony counts per g gut extract of two insect
families on R2A and media II (x10” CFU/g gut extract)

Cerambycidae (N=T) Lucanidae (N=9)
Mean Min. Max. Mean Min. Max.

R2A 51 ND* 360 03 ND 23
Mediall 106 ND 653 51 ND 457

Gut type Medium

Midgut

Hind R2A 95 ND 307 40 ND 357
indgut
¢ Mediall 3.8 ND 183 198 ND 1783

*ND: not detected

Hop of 3-15u) 7h=F w3ten, vjx] M 2= Media 11 HjA|
(12.4-326.4) F.TF R2A B 7](13.9-447.1)0]| A] 229k 11, A H.9]
W3 220132, 50.0) 5.0k TAH(28.5, 386.8)0) A] 5w 7] 1
FollA =Tk o] dAtol| whEH B o] S E T &
Aol A Aot B =7} =9k © W(Schauer et al., 2014), =l o] 1}
(Scarabaeidae) | A= Al 7HA] Et2A(E =, CMC, xylan)
o] T HiR| el A B 2714, F71/d Al Urt =
7ol Al B =3kt Cazemier et al., 2003). o] At ol A
e Eefltel 9EE S5 f15te], CMC7F 71 2
Z 59 v A|(R2A, Media II)°f] 3]4 % 31 5, congo red &
NG ARgslo] Bl s 2t 2 2YE A5t tHTable 4).
71 A7, 570 Media 1T ¥ A] 0| A &] Y& A &fskale A
FH(0.3-5.1) .t} Sh54x(5.1-10.6) | A A4 E8fi=t2
YE7hqkom, sF54 0] 345 A £]8kal=R2A (0.3-5.1)
=} Media 11 ¥J2)(5.1-19.8)0]| 4] A4 Eaf o] WE vt =
SFTh. o] A Al WS} A Bl WEL AR
e Ho} sheaoll A w=QkAIR, AA| wefwtoll thet A4
ol ] Hl& 854x(9.1%) H ok ARG E|(32.5%) 7FR2A
(6.7%) Bt} Media T1 H}%](34.8%) 0| A] 2=9}7] W& o] Media
I 8 A& o]-§-sto] ARG ol A A fras Follat-2 w2l o)
= Zlo] B vt Ao wE Ik

HiMe| SH % CcMC Eilts

SHs4(135 ), ARSEE(136 7). 2819 745,
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Table 5. Distributions at the genus level of cellulose-degrading bacteria isolated from xylophagous insect guts (%)
Cerambycidae Lucanidae Cryptocercidae Rhinotermitidae
Genus M (72)° H (63) M (72) H (64) M (5) H(4) W (19)
Raoultella 22.2 9.5 11.1 14.1 - - 10.5
Burkholderia 9.7 1.6 16.7 10.9 40.0 - 15.8
Serratia 1.4 17.5 83 4.7 - - 10.5
Cedecea 83 6.3 13.9 3.1 - - -
Gryllotalpicola 5.6 - 8.3 10.9 - - 5.3
Lactococcus 12.5 4.8 - - - - 31.6
Enterococcus 9.7 7.9 42 - - - -
Klebsiella 2.8 12.7 1.4 4.7 - - -
Escherichia - 1.6 1.4 12.5 - - -
Dyella 42 - 2.8 1.6 - 25.0 53
Cellulomonas 1.4 9.5 - - - - -
Pantoea 2.8 1.6 5.6 - - - -
Weissella 1.4 - - - 60.0 50.0 -
Bacillus - 1.6 - 6.3 - - -
Others 18.1 25.4 26.4 313 - 25.0 21.1

* Symbols: M, midgut; H, hindgut; W, wholegut
® Brackets: the number of isolates

Table 6. Analysis of 16S rRNA gene sequence of highly cellulolytic bacteria isolated from xylophagous insect gut samples

Isolate CMCase activity” Closest relative (GenBank accession no.) Similarity (%)
32LH-43 +++ Bacillus toyonensis BCT-71 12" (CP006863) 99.9
60CM-43 +++ Lactococcus lactis subsp. hordniae NCDO 2181" (AB100804) 99.7
08LM-32 ++ Pseudoxanthomonas spadix IMMIB AFH-5" (AM418384) 99.3
14CH-01 ++ Serratia fonticola LMG 7882" (AVAH01000293) 97.0
14CH-02 ++ Raoultella ornithinolytica JICM 6096" (AJ251 467) 99.2
16LH-03 ++ Burkholderia caballeronis TNe-841" (EF139186) 98.1
16LH-05 ++ Dysgonomonas oryzarvi Dy73T (AB547446) 96.4
20CH-04 ++ Raoultella planticola DSM 3069" (X93215) 100.0
20CH-21 ++ Raoultella planticola DSM 3069" (X93215) 100.0
20CM-02 ++ Raoultella planticola DSM 3069" (X93215) 100.0
20CM-22 ++ Raoultella planticola DSM 3069" (X93215) 995
20CM-23 ++ Raoultella planticola DSM 3069" (X93215) 993
20CM-24 ++ Raoultella planticola DSM 3069" (X93215) 992
24EG-41 ++ Raoultella planticola DSM 3069" (X93215) 99.5
35LM-41 ++ Raoultella planticola DSM 3069" (X93215) 99.5
43RG-04 ++ Pseudoxanthomonas sacheonensis BD-c54" (EF575564) 94.1
48LH-07 ++ Stenotrophomonas panacihumi MKO06" (GQ856217) 972
54LM-44 ++ Raoultella planticola DSM 3069" (X93215) 99.5
59MH-21 ++ Pluralibacter gergoviae JCM 12347 (AB004748) 99.9
59MM-21 ++ Pluralibacter gergoviae JCM 1234" (AB004748) 992
60CM-42 ++ Lactococcus lactis subsp. hordniae NCDO 2181 T (AB100804) 99.5

* Cellulase activities are represented as the size of the clear zone diameter: ++, 2-5 mm; +++, 5-8 mm

Korean Journal of Microbiology, Vol. 51, No. 3
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SR a|(194F7) 459 2ol A 2994520 A AloFS =
SIS0, 168 RNA §704} 71412 £412 Fafo] 4 4
Z7HA] BAFGItHTable 5). 71 23}, shs4a F4o|A=
Raoultella (22.2%) 2} Lactococcus (12.5%), $730)| A= Serratia

(17.5%) 8} Klebsiella (12.7%)7} Z2 B2 511, ARsHE|
Z2Vo|| A= Bulkholderia (16.7%), Cedecea (13.9%), Raoultella
(11.1%), 3-30]| A= Raoultella (14.1%), Escherichia (12.5%),
Gryllotalpicola®} Bulkholderia (10.9%)7} 2 £ =itk 1+
2819 0] St SAbol| A= Weissella7 } 212t 60%, S0%E 214
sl o, S7fulof| A= Lactococcus (31.6%)2} Bulkholderia
(15.8%) 7} == &2 = ATk

o|5 1% A &2l Alet 5 F 21957 CMC &35 7}
A= A0 = FRIE It Table 6). 53] 240 7H =0
Fe s 8 shaa SOl A 227 32LHA43 o
9} 60CM-43 2 0|52 Z+Z} Bacillus toyonensis BCT-
7112 (CP006863)2} Lactococcus lactis subsp. hordniae NCDO
2181" (AB100804)2} G- AT 7} 452 A 0 2 B¢l E| Gk &

St o & BE 20| A Raoultella planticola (23452}
ATA7L =& 77 7 Bol S EsleH, o5+
4] 14CH-01, 16LH-05, 43RG-04, 48LH-07, 36CH-24 o5
FE AT FAHES AR Sto] 2L Soluh FY 7
do] & Ao Ik

do &

o

or r

N 2

B 44 230 Bt AW AlF 2o 972 ol
lignocellulose ] #-ali= 41 214 -8 9lo] 2 WAl e
Zh=ch 2 ATolA] B 4] 2Eo) ) Al 2L 168
RNA SAAE 7]Hlo 2 3} mlo| 2 A PA] UL 0]8-5}0]

EAE gl BT BE ZEo)A FAu
1
L

H Ao
o
=
X
@)
|
(@)

B R, TPy A57) R AT B EE 7 5
TS 24 At S AR 2250 A 2ol
+ Firmicutes, Bacteroidetes, y-Proteobacteria”} 975} th
PCoA (principal coordinates analysis)& ©]-8-3}0] A2

A

A F2E AT A, AR EohE 25 BEE 2
B E= kol ik CMC 23l &4o) 7Hd & &
Bacillus toyonensis BCT-71112"9} Lactococcus lactis subsp.
hordniae NCDO 2181" 7} 8- T4 7} =gkch &} 2 & 50] A
fra Eoed e A, shed 404 B 1.4-glucosidase,
[1,4-endoglucanase, (*1,4-xylanase®] G420l 714 =

SFeh. B ATl M B 414 35 0) el chpsh F2

i)

N

=32l Al As1d A3E

LAt 2

2 ATE FENSH A s AT At
ZAAF(THA A 5 PJ01003501) 2] Ao o) 423 =] 9
Y
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