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CUT1 5k ABC #3285 A » xoynE %t ABC ¥z H
KRG EE .

ABC (ATP Binding Cassette) ¥ iz & 1 # K K j&
A K fif ATP B8 1) RE = A 3 2 BRI 3 3 1%
JBEIZ I — R RS A IE T, ) 2 AR T B Al
YR FL A ) 0 5 Rl b, D) R EAE T R
SRR 25 ) B AT o A B IR W R I
M40 ABC ¥iz R ABR T — M ABC izt B T A
A B A 5 I8 E B RAZ T IR 45 5 R 3 4 il L
B M THRAMIED 4 & E AT . CUTL Rk
ABC ¥iz i H — MR or 8 SR H sk A 2
TR MR ZRE B R AZRIEY
) 56 H B A0 1R I A &5 B A R e I U R &S S
Wy SR 5 MMM P A% T R 45 & B KR ATP 42 4L 1)
eI R AR EA I RE 2N . Hilfr
P BN 3 PO N N S e g S RINE S R
EWE M, R T W RE L MW
(Geobacillusstearothermophilus) T-6 Fl # 2 5 7
( Streptomyces thermoviolaceus) OPC-520 [f] AR % ¥
ABC #1274 [ XynEFG Fl BxIEFG W] &Y 45 & &
XynE Fil BxIE {6 {k4h HEAT T RAE" ", Wi % 0 Bl 5
A = WE R W AT B Ko Ry (O 2 45 K o0 5l ok
5 %107 mol/L 1 8.75 x 10 ™° mol/L) , ‘&A1 5 K
T0E B A B ON165 ) XynE & H — S
(Identities) 23 5k 47% 1 27% o 11 T AL 5 4E &
e A R IR S SR TE T Is B AR AN R
Wb A RE R O AR G I S50 UE B I AR R SRR R

P b AR BEAE A

K& & E A XynE g T #1288 H XynEFG
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FR kbR AR T B0 e JERE ) R OB O
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SRR AL g3 O R 0 BB A R R R AR R A AE R
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1.1 ##
1. 1.1 B ¥R R : Bacillus sp. N16-5 J ALK =

3 8 FNERAT: W I 2R [P Rh 804 1 e I T BT Ak

coli DHS o W) H AL 38 & B A F AW ARG WA A
1 WoR & AHEST T JBORE -

112 3R50F0 514 5Ok 512 B0 770 & 40 7 Ak D 20
PO A G PCR ™y [ eIk 71 & A i TRl e ik 7 &
B H Omega 24w 5 BREEITE A VI BamHI-HFE | Sall-
HF F1 EcoRI-HF ) H§ NEB A #),rTag DNA 2 & W«
Pyrobest DNA 2 & W DL ¢ T4 DNA % # 8 W 2

TaKaRa 2\ &) ; &K 28 #% (xyaln from Beechwood) it H

Sigma 2~ w) o AWFFHTHI G WA 2.

& 1. EE R R E 4D R

Table 1. Plasmids used for deletion and retro-complementation

Plasmids Description or genotype Refrence or source
pMD18-T Cloning vector, Amp" TaKaRa
pNNB194 Shuttle vector, hybrid between pE194 and pBluescript I SK, Bacillus subtilisErm"™, E. coliAmp® [11]
pMK4 5.6 kb; Amp ", Cm *, ColE1 origin in E. coli; Cm ", pC194 origin in Bacillus sp. Bacillus Genetic Stock Center
F2. REBERMINERNERGEFASY
Table 2. Primers used for verification of target gene knockout and construction of retro— complement vector
Primers 5 sequences (5°—3") 3’sequences (5°—3")
KnEV ATGGTATAAAGCGCACGCTTGAAG CTTCACGAGAAGTGGTAAGCTTC
RetroE CGGGATCCGTGGCCAACGCTGTTCAC CGGAATTCTTAGTCTTCGTCAGAGAG
Cat TTGATTTAGACAATTGGAAGAGAAAA GGCCTATCTGACAATTCCTGA
xynE_1 AAAACATGCCACTGAATACA
xynkE_2 CCCCTCCGTTTCTAAAAGGTACTTTCCCCCTTGAAA
xynE_3 TTTCAAGGGGGAAAGTACCTTTTAGAAACGGAGGGG

xynE_4 TAAGGTCAAAATACTTTAATGAGC




42

Zhougang Zhang et al. /Acta Microbiologica Sinica (2015) 55 (1)

1.1.3 =3 E : (1) Horikoshi % 75 5 (1L) : %5 25 ki
5 g, Tryptone 5 g, Yeast extract 0.1 g, K,HPO,*3H,0
1.31 g, MgS0,*7H,0 0.2 g; L M % 900 mL K [,
A5 P PN AR B K 10% (W /V) Na, CO, 5
100 mL; (2) NCM 5% 3% % (neutral complex medium)
(1L) :Peptone 5 g, Yeast Extract 2 g, Citric acid 0. 34
g, Glucose 5 g, MgS0,*7H,0 0.05 g,NaCl 11.7 g; A
W A 900 mL, KB 5 N 100 mL 5K R ()
22.8% (W/V) K,HPO,*3H,0 %i. 35 pH Hy
7.6 =78, [ PR IR I 3% HillE; (3) AR B 5%
FE(IL) B 0.5% (W/V) KEBE (xylan from
beechwood) ] Horikoshi ¥2 75 35 (4) A ¥ 7 5 &t
(1L) B A 1% (W/V) AR Horikoshi £ F7Jk .
1.2 EREESFINDH

¥ FE 548 NCBI HETC 42 & A FF 4 $4 F (non-
redundant protein sequences database) 1 f§i Ji] Blastp
TR HEAT 18 2R e, SN P g D g A Clustal W
WAL 71 34T 2 F X XynE & (P8 TE
TCDB #¥t#& )£ (http: //www. tedb. org/) 34T Lb X, i
SE 2y 26 ] TMHMM Server 2.0 Chttp: //www.
cbs. dtu. dk/services/TMHMM /) 43 #7 & [ [¥) %5 5 b2
E 45 #) ; fdi 1] SignalP 4.0 Chttp: //www. cbs. dtu. dk/
services/SignalP /) Tl & A K15 5 Ik
1.3 xynE BRI
1.3.1 BiRR 3 f& pNNB194=xynE B9 #53 : LL #k
N16-5 JL P41 Jy WA, 4 1] Pyrobest DNA 5 & il 7
BLL xynE_1/xynE_2.xynE_3/xynE_4 J 5| ¥ § 1
xynk [ R 4% 800 bp Fr Bt PCR 77 ¥y JIR MW 5 7
LA xynE_1/xynE_4 24 51 ¥ 8E4T il PCR, 3k4% 1.6
kb /N [R5 b & v B il G B xTaq g
AN A SN JE N pMDI8-T # 44, 1 [l SallHIF
A BamHI-HF X1 > U1 18] RS 11 R S 1D Rl
G BLS IR Y) S ) pNNB194 5 {4 4 ] T4 DNA %
LW B2, B 4L E. coli DHS o JE 2 25 41 Y i ¥ A
NHBFRIUER LB M. 514 xynE_1/xynE_
4 HEAT JFURL PCR 56k BH 4 o B 10— 28 I 1 560 ik it
5 A0 A A5 e S P B
1.3.2 BB B9 o iR A BR: 380748 1 B B ok
pNNB194 i 5 () 1 I [ s B 41 2 90 H i 2 B A
TRRR R o KE R BR Ak pNNB194wynk e 46 25 £ FT
N16-5 JgU A ik Ja (e Al g7 iz scik (3 1) (A
19 xynE _1/xynE _4 1 % PCR 5 1 {14 4% 46 1

V5 IRAT IO BH Ve A 7 e 3 B 40 3 E PUbE NCM 1k
BRI, 34°C $R R 85 3% 24 h, P2 45°C 1k K 35
5 Ui 5 A I R A 40 P PE NCM A A R IR O
45CHF7 2 d Ja AR i 1R 9 b 12 6 9 R 3
AT FRFEENA LSRG Ok B, @
PCR 5811 2y BH %k e B 1) 5 38 9% e e E P PE ) NCM
AR KR TR 5L, 37 C R IR K5 97 24 h, b B 36 20 41 i & 7=
S R IRIUR AT e, ) DR A R R o R B IR ) W R
AT HUPE R NCM [f 44 K5 77 5L P ARG 37°C 55 3715
BT AR 5 BT PE NCM SR 41 %7 38 fo bk
SRR R B B 3R BRI xynE g BR R RE S AT 51
KnEV #E47 R 41 PCR B3 xynk 55 IR A& 15 6% Bk 1k
Ty R4 wynE K& DKk 2% B KK fir 4 ) Bacillus sp.
N16-5 (AxynE) .

1.4 5R 5K B FK AT IR 15 B %1

1.4.1 [EI4M 8k pMK4-xynE 8949 8 : LIV 5l 2F
FF & N16-5 FE K41 DNA 4 #4R , {f il Pyrobest DNA
EE W UL RetroE A5 W3 8 xynE KK LI F
i 500 bp Fr B, [A1c PCR P24 F1 pMK4 kL 43 31 H
BamHI-HF F1 EcoRI-HF R 4 A V) I J5 & 36 AN
Be5 B E IR EE 501 i H] T4 DNA E#: i 16°C 14 4%
AR ERE WA E. coli DHS o [ 2 A 40 D » W Al
AONTH R RPUER LB~ H. O UK B R s N pu
LB ¥ & 5 7% 5% 5 482 WUR KL, 1 519 RetroE JiT KL
PCR 58 ik 1% ve B » JF D e 56 01F

1.4.2 [EIHEARBFUREERBEERRK 4% 1.3.2
JiEK xynk R B b 24K pMK4=ynE % 4k B K
N16-5 (AxynE) Ji 242 i f4, A FH RetroE B % PCR 5%
UEFHAPE AL 7o TR I, Ke pMK4 2% 80 04 % 10 B A 1
¥k N16-5 Fl i 25 B 3 £k N16-5 (AwynE) J5 4 Ji A4,
B Sy [R] I S5 65 P 55 L 8 K

1.5 FTEEW

1.5.1 ABEEFEEKFEREN: Bacillus sp.
N16-5 B 4= B & #k F1 Bacillus sp. N16-5 (AxynE) B
¥4 Horikoshi K7 F IE 1L J5 » #& 1% 2 Fh & £ Fh
F 50 mL A OB K5 % 56 5 [ Ah B Ak A [R] b X HE B
MRS AL 5 - 2 1% £ M & 3 b 1750 mL 5 29K i
2.5 png/mLa B % P ME W OR R OBE B 97 0k, 37°C .
210 v/minf% L 5E 7%, BB 3 h ORI 5E TR OD g 5
20 1 WA AR A K il £

1.5.2 $EFEEEEE SN R ARSI IR 5L 8
I B P AN [ N TR) S EUORE 1) 3 63 S AT A i 10000 x g
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250 2min, HUESE, FiBE 10 15 )5 55 DNS #5045 AR R
TR WKW Smin (5, ¥4 51 42 50 J5 L 200 pL
TN 96 FUAR » Bl AR AT I 540 nm W6 AR, AR 4 A B
o 4 i 4 3 B RSO Ji B 2 B A R AR RGE TR
ol 2k .
1.5.3 AKE#EHEFEHNS HPLC &0 : FATXK N
HPLC 73 A1 #5 A SO0k B 5% 55 5% 9% 1 75 v AN [R] I T)
R JEUORE R 4% RE 48 10000 x g B0 2min J5 B
I L FE, f 3l AT 3% $8 TSKgel G2500PWXL, ¥it 2 A1
KZEIK S P E A 0. 6 mL/min, K 25°C , 78 ZE 9 6k
M #% RID .
1.5.4 KREEBEFEEKF RSN B LR GK
Bacillus sp. N16-5 Fl % [A Bt 2k B ¥k Bacillus sp.
N16-5 (AxynE) 4 Horikoshi 3% 37 FEVE AV 5 » 3% 1% 2
Pl ¥ 50 mL ACHERE 72 9E,37°C 210 r/min FEHEEFE
B0 3 h HURE I 52 1R OD g » 25 W AR A2 Kl 2K
1.6 XynE ZERHEIAFII S

{fi il NCBI %Y blastp T. B PSI-BLAST # vk 1
B0 4 & A )7 41 (non—redundant protein sequences
database) 45 i % % XynE & (1 10 A BLF 515 f%
T 24 20 (AL B v 8 T AN [ R 4 0 )
] MEGAS.2 #4 # NeighborJoining % 45 & & #
Bootstrap {8 1% 5 1000,

2 Hif

2.1 ARBEINRERREMEEFESN

WE T 2 AT R N16-5 R SB35k DX 7 2 ) 1
it M4 4 E e 40 6 NCBI HEJU 4 8 A 3 41 208
P2 [ 58 LEonf &5 SR (3R 3) I, 5 PR A% I iy 66 A

xynB1 Fl xynB2 5y 5l 4w i GH39 Fl GH43 & 1) B-
1o d=AOBE 7 il AN 15 5 B A DU A7 T 40K P9 5 aynD
Al xynC 73 59 G bt — 20 XULH 03 1 4258 5 496 1) 24 2 1R W
15 %% A Chistidine kinase) 1 ¢ N 4 #5 2 B (response
regulator) , H. T Ui B8 &% (1) wynEFG X K] £ 4 1 — 45
ABC # iz A WKW 45 & & 1 (solute-binding
protein) 1 P A~ 5 ik il i & A (permease protein) ,
xynEFG 55 DN % 1) 2% ik 7T 8 52 E il X2 A 32 48 1
o JiAh, BB [ XynF Al XynG £ TMHMM i 1]
B 6 A IR IR e 45 4 5 2 F 7 A1 X 4 R R
P ) S A ABC Bz B A i I G & AR R
EAA )7 (EAAX,GX,IXLP) , iX #ii ] XynE. XynF A
XynG 10 RE 41 ABC #iz R (T G 1. IRW &5
HHE A XynE & {5 5 K410, /£ TCDB H i 8 R
bE s 73 2 9 AR ALLRE 1) 1 24 CUTT 5% (Carbohydrate
Uptake Transporter- Family, TC 3. A. 1. 1) ABC # iz
WA MM R &5 & & S b HE XynE W] B8 %F
SEPEES G R ORE BOR SERE, TR ABC B iz A
XynEFG J& T CUT1 Z . 44 28 Hoxy 3R AT 1 55 AH
ALLRE ) Xyn FHALL 2 B9 Ty g 28 24 6 DAL 2H B0 £ L, OF
AR I S Bk, U XynE BT (A0 2R BE T B Ik
X ELJE 2R AR D Re R B A AR A .

xvnBl xmD  xynC xynk xynF xynG xynB2

[& 1. Bacillus sp. N16-5 /K B2 F) B & & 7%

Figure 1. Genomic organization of xylan utilization gene cluster
of Bacillus sp. N16-5. The open reading frames in the cluster
are labeled according to the annotations found in the sequence
databases and the most homologous proteins identified where

this gave a clear indication of function

F3. EERERERRIRIEMER

Table 3. Blast search results of proteins encoded by the gene cluster against NCBI's non—+edundant protein database

Genes Predicted functions Best blast hits Identities Positives
xynB1 xylan beta- ,4 xylosidase, GH39 GI:15613631 64 79
xynB2 xylan beta- ,4xylosidase, GH43 [:15616245 76 87
xynD two-component sensor histidine kinase 1:15616240 58 73
xynC two-component response regulator 51:15616241 59 75
xynk ABC transporter sugar binding protein 51:15616242 79 90
xynk ABC transporter permease 1:15616243 87 95
xynG ABC transporter permease 1:15616244 85 92

2.2 xynE BERRKE RN EER M AIAE
N T AR xynE (DR, AT T xynE F
G SR TR PR R ) e (R TR o BRATTAR B 1 1) 3 DT[] 9

A R 5 Ut 51 ) KeEV 3E4T B % PCR 56 E
xynE HE PR IR R % > wynE ik DR i B3k 1 o) 18T Bk PCR 4%
T R/ANNAE 1.9 kb A6 A7 5 A R B R #R PCR 4% i ) A
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3.2 kb i A7 A Cat 519 V& PCR 47 3% pMK4 #;
BRI SR R R R A B AL T )R A
pMK4=ynE 5075 84k pMK4 (1) 5 PR 22 N 9 18t 600
bp %7 ; i /] RetroE T W) ¥ 14 xynE N 4> K e I
1 500 bp By, B AR YRR BRI D Al [ R A
pMK4=ynE [ [0 40 7 R 59 H 1.8 kb &7 . 4
R 2 Fros, MM PCR P24 441 55 B8 {8 A 45
W] xynk B DA B R BRBE < 10D AT RR DA B (R b o
PRI K 38 1 5 4y ) Ay % 4 N16-5 (AxynE) \N16-5
(AxynE pMK4-ynE) }; N16-5 (pMK4) FI N16-5
(AxynE pMK4) .

M1l 23456

78 9 1011121314151617

<«—3.2kb
<—1.8kb

<—600 bp

2. BEEBRARE RN BE @A B MR & PCR £ 7F

Figure 2. Verification of xynE gene deficient strain and

complementation strain by colony PCR. M: 1 kb DNA marker;
Primer for lanes 1-6 was KnEV, and Cat for lanes 7 - 12, RetroE
for 13 — 17. Colony templates for lanes as follows: lanes 2 and
14: wild4ype N16 =5, lane 3: N16 -5 (AxynE) ; lanes 4, 10
and 15: N16 -5 (pMK4) ; lanes 5, 11 and 16: N16 =5 (AxynE
pMK4) ; lanes 6, 12 and 17: N16 -5 (AxynE pMK4 - xynE) .
Lanes 1, 7 and 13: negative PCR control with H,O as template.

Lane 8: positive control with plasmid pMK4 as template. Lane

14 : positive control with wild-type N16 —5 colony as template.

2.3 BRRE MR R [ 4D B AR B R B

2.3.1 ABREFRBELEKFARINELIERESE
M ZE : XynE 8 112 00 0] Be e Pk 1k 45 A R B BOR
SERE xynk KL IR (1) 0 2 W] BE AL N16-5 & AR 75 A 2R B
B % B BE F7 I AN B A R0OB R AR SRBE B A e ) R
TRESOAR R R AR KZ B . R T K AE
xynk K& DR IR A2 BT g ARSI T xynk JE DR Gk 2K
AT A R[] e T R R SR OW 5% 9 5 o 1) A K O O
WE T EE TR 7 & = AR WK 3 T
7N AT B AR R NT6-5 1 bk, ik 2k 21 1R Bk N16-5
(AxynE) HE K il 25 (6 B0 W] 8 4 R, d K A9 =
Ll B A 7R WA, LB 77 3ok B v o IR R 08 JRUORE 1
SRV A G B o (R0 Rh R AR M 52T Y AR R SR A,
Br R R v R H D0 BE S OB 1Y SRR RN Y RE i

B, HLoBe & AW 1 b B A2 RO K, B0 wynE i D] (i
RF AL B wvynE FE IR ) A8 0B R B1RS, f JE 5 5%
B Pk N T 3o SXUESE T AT I HED  xynE FEIR )
B R BRAR T TR R N16-5 Wi e 1) FH A 58 00 [ 1 7 400 1)
RO ARG IR R I8 O B AL SE e T AR A K
2.3.2 AREHFENS HPLC 2474 T 247
XynE W] g 45 & 1R AT 148 HT HPLC £ I 7 85 2F
TR0 T R R 5 2R TR TR R s 7 e R e e 2R i) s A SR B
B RS RE B IO R 4 e AR T 3-ALCL TR
EBFP S 8 hi16 h.22 h.32 h40 h.60 h 170 h 4} 3|
HURE o AR BN I 55 35 3 HPLC Ky ) B85 45 40, A 58
B R 2% 5 I ) A2 B el U N (R) 43 3 76 6. 286 min i
9.365 min [¥]JECH) [T 41 J» AR 4h AR 5L A ity 06 I 1)
(RZS8E: 11,622 min; A ToHE: 11,904 min; A PY B :
12. 294 min; A = :12. 750 min; A~ :13. 390 min;
AHE 114,326 min) 0 57 & AT g 4 MEE KB, 5
AN B W B A TEAE 10 LA b AR SR AR, T
e TR 7 T A 06 T B P 1T 43 B 43 o 14 6% Fi
72.7% » F) T 1)K 15 77 5 b AR oo I I JE]
B AR B R R (LI 4, Bl R e A k3R bl
W (G (4 HE Py e fiT AR 22) v R SRB K 4 1) 3 43
B i, T AT 10 DL B PR AR — e B % A
SR B R A B R N16-5 (AwynE) 15 57 1 72 Hh R )
T FE W R Y AR TG, HLBS 9% 16 h S W AR PR
A A I S PR OB R SRR DU B, A
60 h A8 KSR ZHEAF/E. e HEN XynE
S NEE R 7/ RN A UK /N Nl 71 7 Nt 1
2, WP B 1) ABC #5328 5 (1 ] B & K 5 b i i
HA.
2.3.3 AREEFELERKFEBREN: NN vynk 5
DA A2 75 R B 1) % 3 AR O JRAT TR W T 5 24 73 7R
N16-5 Fll 2k 7 3 #k N16-5 (AxynE) 75 A B 1% 357 Ik
AR . AR WS PR, B A A B R R B
2RI VR IR AT A BE 77 55 o 10 AR K DR AR — B X
YOI woynk DR i 2 e B8 A R FH A B 8 A I B 52
M. PPk N16-5 0] i 42 2R i I Ath 2 (1 R ig K
B S 56 = i 30 A s L WE 5T P R B — AN R R
A K MFS 38 585 11, 1% 8 1156 IRl F R 05 R
F 2L R 7%
2.4 XynE ZEHQHEMFTISH

NCBI 4f J72 48 & 3k #3111 XynE & (1 A LT 51
By 0 B D AL A R R D RE A ABC Bas B A1
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) L+ . 2 064 _ 4
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Figure 3. Growth profiles of xynE gene deficient strain (A) and the complementation strain (B) as well as the variation of reducing sugar

concentrationin the medium during culture on xylan from beechwood (C and D) .
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Characterization of solute-binding protein XynE of the
xylooligosaccharide transporter from Bacillus sp. N16-5

.o . . *
Zhougang Zhang, Yajian Song, Kai Jiang, Yanfen Xue, Yanhe Ma
State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101,
China

Abstract: The alkaliphilichemicellulolytic bacterium Bacillus sp. N16-5 was isolated from Lake Wudunao in Inner
Mongolia. It has a broad substrate spectrum and exhibits a capacity to utilize complex carbohydrates such as
galactomannan, xylan and pectin. Previous transcriptional analysis of differential carbohydrate utilization by Bacillus sp.
N16-5 has identified a putative gene cluster related to xylan utilization. It contains a putative xylo-oligosaccharide ATP-
binding cassette (ABC) transporter encoded by xynEFG gene cluster. [Objective] xynkE gene is predicted to encode an
extracellular solute-binding protein of the ABC transporter. Here, the physiological roles of xynE on the xylan utilization
was investigated by gene deletion. [Methods] We obtained the xynE deficient strain N16-5 (AxynE) through homologous
recombination using a temperature sensitive shuttle vector pNNB194. The effects of xynE on xylan utilization by N16-5
were detected by comparing the growth profiles on xylan of the wild type and mutant strains as well as the variation of
reducing sugars concentration in the medium during cultivation. We further verified the phenotype by constructing the
complementary strain. Moreover, the substrate specificity of XynE was illustrated by the HPLC analysis results of the xylan
medium components, which was supplemented with the growth profiles of the wild type strain and N16-5 (AxynE) strain
on xylose. [Results] Compared with the wild type strain, strain N16-5 (AxynE) had a delayed exponential phase,

obtained a lower maximum optical intensity 0D, value, and presented the accumulation and depletion of reducing sugars

600
during cultivation. The complementary strain retrieved the phenotype of wild type strain, and grown slightly better than it.
HPLC analysis showed that N16-5 (AxynE) strain degraded the xylan substrates more slowly than wild type, xylo-
oligosaccharides like xylotetraose, xylotriose and xylobiose began to accumulate after 16 h cultivation. Moreover it still
maitained a large number of the degradation product xylobiose in the medium after 60 h. When cultured in xylose medium,
strain N16-5 (AxynE) performed similar growth profile with the wild type strain. [Conclusion] XynE played an important
role in rapidly and effectively utilizing xylan in Bacillus sp. N16-5 and specifically related with xylo-oligosaccharide
uptake.

Keywords: alkaliphilic bacterium, xylan utilization, xylooligosaccharide transporter
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