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Abstract: Microorganisms capable of degrading cellulose are widely distributed in nature and diverse
strategies are thus employed to achieve the efficient deploymerization of lignocellulose. Cytophaga
hutchinsonii belonging to the phylum Bacteroidetes has a strong ability to hydrolyze cellulose, but the
involved mechanism seems to be different either from the known extracellular noncomplexed cellulase
system or from cellulosome system. It is speculated that it possesses a third mode of cellulose
utilization with the degradation system tightly associated with cells. The present review will briefly
introduce the potentially novel strategy employed by C. hutchinsonii to assimilate cellulose.
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Figure 1 Schematic diagram of crystalline cellulose degradation by noncomplexed cellulase systemm

http://journals.im.ac.cn/wswxtbcn



930 A %8R Microbiol. China

2015, Vol.42, No.5

C. hutchinsonii F 1938 4] Walker Fi1 Warren
M A He 43520 JE TR (Bacteroidetes) ,
HA ms b sl e 4 2= 9 RE 1 o Stanier BF57 % L
C. hutchinsonii FATEREMFLTAER ] IV LR 4E R
T, HAGETERA ks, 2% RS A
FAANG R LT 4 2 I 0 . 214 —WH sl 21 2 S 5
ATEPERRIEC S IR A g e . £F
AR EGLEAL . WS S IR RR 5y TH R &
PUHASRE /- I AN 25 B 2T 2 2, W) AS A
BRI R BRFE LA AR T 0 s ) vp
For DN 2] ] K AR AR F SEET 4 R (CMC) R IR RS 2
(N UL RGP, (HAA AR B S MTIAF 4 K g
e

2005 4F, C. hutchinsonii 44> 3% R 41 % 52
. Xie 2%} C. hutchinsonii JE K 444 T 1 140
B4 4T, 459 B8 C. hutchinsonii LK 2 K /Nhy
4.43 Mb, £31% 3 790 M EE A 4wt 5L, X 1986
AR IIRESAT TR, W B R] T C.
hutchinsonii ZEUEACRAIIIES 504 () 2), IESE
TN T2 AT i R R RO B AR R A
2.1 C. hutchinsonii ¢4 ZE5RBEH

Xf C. hutchinsonii JEFZ B4 SRR, %A
il /0B S 1 U0 A R Tl R 4 2 M A b 9 DD i Y

2 BB TREMIELAY C. hutchinsonii 7MY
Figure 2 Scanning electron micrograph of C. hutchinsonii
cells digesting cellulose filter paperm
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Table 1 Characteristics analysis of C. hutchinsonii predicted glycohydrolases®

TN RE AL PSRN Iy TEEH

Gene Predicted function Predicted localization Mol mass (kD) Modular structure
CHU_0778 Related to endo-B-1,4-glucanase Unknown 81.7 CelD_N-GH9
CHU 1107 Candidate endo-B-1,4-glucanase Extracellular 135.2 GHS5-X1-PKD-PKD-FN3
CHU 1280 Candidate endo-B-1,4-glucanase Unknown 66.2 CelD_N-GH9
Extracellular/outer GH9-PKD-PKD-PKDBIG-BIG-
CHU 1335 Related to endo-f-1,4-glucanase membranLel: U 207.3 BIG-BIG-BIG-BIG-BIG-BIG-B
IG-BIG-BIG-D5
CHU 1336 Related to endo-f-1,4-glucanase Extracellular 105.3 GHO9-PKD-PKD-PKD
CHU 1655 Candidate endo-B-1,4-glucanase Extracellular/outer 92.6 CelD_N-GH9
membrane
CHU 1727 Related to endo-B-1,4-glucanase Unknown 67.9 GHS
CHU 2103 Candidate endo-B-1,4-glucanase Extracellular 38.8 GHS
CHU 2235 Distantly related to endo-p-1,4- Unknown 64 GHO
- glucanase
CHU 2268  Candidate B-glucosidase Periplasmic 83.7 GH3
lipoprotein
CHU 2273  Candidate B-glucosidase Periplasmic 89.7 GH3
lipoprotein
CHU 3577 Candidate B-glucosidase P.er1p1asn.11c 83.2 GH3
lipoprotein
CHU 3784 Candidate -glucosidase Periplasmic 81.8 GH3

2.2 C. hutchinsonii FRIHEIE EEH

C. hutchinsonii FRLT4EZ M, R EER P 3T
WA R JFWER R, IBAL 4R KWtz 2
MO A B ARSI N T2, ISR A AR R
TR TS 1) 2T 2 A0 7 A 4 43 AT R T A B 4
JEE b ()R 0 B a2 1 2 e A RN I R 1 5 e )
KT . C. hutchinsonii J R 2 93045 mf PTS
WEH6IZ RGERIMICIEA , B 6 NS ] GEJE T MFS
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Tt 4 4> B- A0 AT REAR 20 T B as
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REHEDTNIERL 4 —HiEis B, 4K
7R B A Yk R 250 JR B s (R AR 2 20k B
T 58 PR R A, 2SR N i
ZFIFiEA TCA THFR.

XHUAFH] Bacteroides thetaiotaomicron HIHF

FRM], HANMIR A E—FP A2 & AR A 1K
M2, T IERIRYI R . Tl X L TER 45 & 8
5K @B, W Sus C. Sus D, Sus E. Sus F fll
SusG AT RGFFES, 4- T Sus RGHEAY
(Starch utilization system) . % & %t H PUL
(Polysaccharide utilization locus)F& R 7465, 145 8
ANJE[R SUSRABCDEFG, H:4ii%r =4+ SusCDEFG
WA b, RIS AR 45 & T R vE
BRI, b SusC J&F TonB RN Z IR %
5, f&—Fh B-barrel Z5F)ASMRES IR T, I
P2lek B F i85 71 &% TonB-ExbBD Z4ERE,
Z: 5 —SGRI ) e K53 105515 . SusD $UARY 3D
SRR ARG DA%, RS R
3L AR A EAE ] SusR AL TR |
We B B SO E A, 2 LATER WY,
BRLAT LAOE T 7 > sus FERGHE SR . 7E Sus &
Zirh, SusC F1 SusD % FUEky a5 21 40 i 3R i
WH, I B Z A A EA R
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C. hutchinsonii Ff-ASBERFAEFIFHVER , T AIME
— PR Z RBP4 R . Xie 55XT C.
hutchinsonii &K 200 Hr A BEHE A 2 4~ susC-like
LR (CHU 0546, CHU_0553)#1 2 4~ susD-like J:[H
(CHU 0547, CHU 0554), AMATMZ] 1 ifd
ExbB. ExbD, 4 {~%ifi TonB-like proteins /% 15 4
ity TonB KA AIAMEZ AR LB, 25411 1
=E., FAHEN C. hutchinsonii H1A] GELETEN T-4b
I Sus-like 248, AR ARTE R AL 52
IR A R A S SRR is .

Hi#fE B. thetaiotaomicron H Sus 4t (LK 7% HE
FIEE, FRATZERS IS B R B FE R 751
SRS SR UGB K S LR chu_1280 i 4
A~FE[H (chu_1276—chu_1279) 5 H 4% 5% J7 17 — £ H.
FLR B FE X 784S, 76 KEGG M |, chu 1276
K chu 1277 ) B % [F] J5 % 5 (Ortholog) £
TonB-dependent receptor, chu_1277 {4 [r] [7] 5 K]
(Paralog)thh. £ 4 L 1B 1Y TonB-dependent receptor.
H, FRATEI chu_1276-1280 Fir 7 i 35 R 54 i 4
B () 25 11 7= W) n BEAE 2T 4 25 WA o it P e 3 o
WAUAFR T Sus REMIMER . CHU_1276 SlERAR
PRE B 7 e Z R HRE I i ek, [RIEXTF4F4E—
BRI K R T RRAR, T L P 4 28 P W g
FEAZRE S 5 A A BT HA A W R IR, FRATT
=M CHU_1276 W] REENL TAME b ) ZEME s &
(1, HWR B i A S s A 5
CHU_1276 e RAEMEFRIUAALL, CHU_1277 Rif
RAFKR(AL277)FE PR £ 2 2 ) F I LA B &7 4 5
BER FHRE I RAIG, BABH CHU_1277 j&5¢ i C.
hutchinsonii £1-4E 2 2 IR FHIMSCEESE R . A1277
() PN VT 2 24 25 T TG 5 BT A DR R A L A B f A
b, WIRZRIE B-H A0 T BFBES TR 30%. HPLC
GBI BT 7 4 — 7K R R IR A1277 TRAR R 21 4k
THOK g R ST AR TR A RRR, 5 A1277 FIHEF
A HEAAERARSI W) G o SRIMHREL A1277 151
HEE P AN 2R B0 55 M A TR ARLBLIY -3 280 i T
il 136 AT 2 WK AR RE 1 o X FRBH S8 R AN i 2 i

http://journals.im.ac.cn/wswxtbcn

(1) B-H AR T BT Db, FURE A 747
P, ik, CHU 1277 X T4 HIY B-H
ZEPWIE T B TS 7050 22 4 1T e b il A ),
2.3 C. hutchinsonii FiEZEIHEXEH

T 4 K A A 1 1] (Bacteroidetes) H & BE 1 —
R R E LW ARG, s KBRS
(T9SS), %R GAE HAI T B ik Rl & TP,
TISS ZFMAHIEE T N st BA Sec MK 1 #UE S
JIk, C A RAFEHIE(CTDs), (AT LAg R
M 23 00 2 A 1 CY X R i i o R S0
Porphyromonas gingivalis fliz 8}j[# Flavobacterium
johnsoniae 1Y TISS W A, ZZHESH P.
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XN F P. gingivalis 1) PorK , PorL . PorM | PorN
PorW. PorP. PorT. Sovi™!, %ifih T9SS ZH 43kt
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B RIENE T, 40 sorT F sprA FOk I AL
] F. johnsoniae [ sk, 50 SprB & H I E
PR AR LT R IEE >, % R G Ak
YEFBLE i ATEAE

C. hutchinsonii JL-- %4 F. johnsoniae H1 4y
Gld 1 Spr 2K A 4mALIE M Ay [RIEIE N (& 2)PY, A
C. hutchinsonii iz g &4 HiZ%lY F. johnsoniae
AARKARLNE, B LAHEI G 2 7] 5 HAA 2 rYis
FHLE, HAh, C. hutchinsonii [z s RS540, TIHE
WAFTE—FERUN TISS MRS, HHILARG A
REFE 25 21 4t R g S HAMAR DG IR I o3, s
M 2 24k R (9 PR i

C. hutchinsonii # sprP (CHU 0170)Y P.
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Table 2 The distribution of gld, spr and por genes in Bacteroidetes bacteria

F.joh F. psy C. hut P. gin P.int P. dis B. fra B. the
gldA Fjoh 1516  FP0252  CHU 1545 PGN 1004  PIN_A1093 BDI 1335  BF2629 BT 0562
gldB Fjoh 1793 FP2069  CHU 3691 PGN_1061 PIN_Al414 BDI 1780  BF0973 BT 4189
gldC Fjoh 1794  FP2068  CHU 0945
gldD Fjoh 1540  FP1663  CHU 3683 BDI 1991
gldF Fjoh 2722  FP1089  CHU 1546
gldG Fjoh 2721 FP1090  CHU 1547
gldH Fjoh 0890  FP0024  CHU 0291 PGN_1566 BDI 1879  BF4095 BT 3818
gldI Fjoh 2369  FP1892  CHU 3665  PGN_0743
gldJ Fjoh 1557  FP1389  CHU 3494 PGN_1676 PIN_A0879 BDI 3324  BF2407
gldK (porK) Fjoh 1853 FP1973 CHU 0171 PGN_1676 PIN_A0879 BDI 3324 BF2407
gldL (porL) Fjoh 1854 FP1972 CHU 0172 PGN_1675 PIN_A0878 BDI 3323 BF2931
gldM (porM) Fjoh 1855 FP1971 CHU 0173 PGN_1674 PIN_A0877 BDI 3322 BF2932
gldN (porN) Fjoh 1856  FP1970  CHU 2610 PGN 1673 PIN_A0876 BDI 3321
SprA (sov) Fjoh 1653 FP2121  CHU_0029 PGN_0832 PIN_A1146 BDI_2659
sprB Fjoh 0979 FP0016 CHU 2225 PGN 1317 PIN_A1872
sprE (porW) Fjoh 1051 FP2467 CHU 0177 PGN_1877 PIN_A2099 BDI 3149
porP Fjoh 3477 FP2412 CHU 0170 PGN_1677 PIN_A0880 BDI 3325
porQ Fjoh 2755 FP1713 CHU_2991 PGN_0645 PIN_0248 BDI 3738
port (sprT) Fjoh 1466  FP0326  CHU 2709 PGN 0778 PIN_A1079 BDI 1856
porU Fjoh 1556  FP1388  CHU 3237 PGN_0022 PIN_A0180 BDI 2576
porX Fjoh 2906  FP1066  CHU 1040 PGN_1019 PIN_A2097 BDI 3342  BF2968 BT 0818
porY Fjoh 1592 FP2349 CHU 0334 PGN 2001 PIN_A0086 BDI 2438 BF0583 BT 1470

26%M 7 A — 3k, W R IR AR 5 A TR A & 1 4
WA I WFFEEMA, chu_0170 Bk RASKRAELT i R
FIH RN ShRE )y T 4 BB, T ELAME A
CHU_3105 My5rilbit i — e BRI, Xt aliisi i
T SprP AIBEFESR 1M AL AR P AT RO AED . nhy
G T9SS 955 —414> CHU 3237 (PorU)'5 P.
gingivalis H1 % 1 —Ff C Imfs = IKEGRIR, P.
gingivalis 7, Ik 5T FEA# TOSS IR C sk
FI(CTD)Y), R chu_3237 J5 RAEMRTELT 4 A
F . 38 Sh AR 5300 5 TS B — e kB . PRI,
CHU 3237 J&M [C# T9SS HYEZELLH 4y, 1 T9SS Xif

T B 2T 4E Z A AL sl 2R AT, 2012
4 Ji 55 % Bl—> chu_0134 JL K (Zm i A7 - — A i) 5+
AT ) (%) 27 JAEAR A\ 2 1% 98 78 ik L DR IAE B i 2 T 1Y)
PECR Bt Z B s, R ILET 4 R AR S
B A RUAH FERRAIG 50%, & BRI LA K 4 T AR D) 3R
PG A 40%°), AL, chu_1719 Zif B 482
RATIRERE T, FLEEA AU 2 (1 427 BamA 55
— 5 MISTER PR O AH DG 38 8 1o SRR A
N1 AT DL S B B AR R AT 4 2 [ A
M A RRGLES T H A R, (R m] s PR AR R Bk
HAN IR AR SR 3 B AR5 2
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Figure 3 The predicted cellulose degradation strategy of C. hutchinsonii
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