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EXH, x| ¥, wWHExX, H®RME, FE, BMWFT
(P ERLFFRE RESde TR/ RLIHRR S Tz b E 5 5BF, L7 100193)

# E. B-N-ZERH THEH B (B-Hexcase) 40 A Ao sh WP 72 A1, LA A oy shn B
BT AENIR B-N-TBER A MR REALCHEAL Amimity 2 b LA 24
A R SR WA BIAFE L)) T4 X R LGB A B-N-TRA L THEH 8% G 55, A A 1CO-
DEHOP #= CODEHOP /£ £ & J5f 5| #3% 3+ 2 A+ 3% 3+ B-Hexcase & 53147, £ B Hex1-f = Hex1-r 5|4
2+, vA LJJ A B 20 DNA A A 2 PCR ¥ 38433 614 bp 4. PCR /= %% 4 pGEM-T T H4K)5 L
% Z KA DHSa P, if e Fa e AR IR A AT 5. MAELREFZH KA A 614 bp, %
DNA /3 £ blastx 3t Z I5 H b € 4n B-Hexcase A& B A A8k | & B BT 6 1864 55 Bp 2 L)) B-
Hexcase 89K B K . B-N-ZBERA THEFHE R KF AR —F T B-N-TBALTHE TS
A ESATH B IR X RET T AR

KA. A BIAT, N-TBR A T, W54
FESZES . 0939.97; TS252. 1 SCRRFRERD. A

B-N-Z Mt a2 OB 11 il ( B-N-Acetylhexosamini- — BEAYARR BPE S3E COBE R 3, 70 200 I A 1E 5 70 248
dase, B-Hexcase) ZAEM M A MY b ZAr7E  GPERE EZMEM . W 905 5> 2L 7
A—FhZ B R , ol LR DIBER B-N-ZBEE LT v, JIKSRBE KR B A1 T 200 e B A 52 B 14 C 4 i

s B, 2012 -12-25
HETH ., EER+ =1 B S HRIEE (2011BAD09B02; 2012BAD28B7) .
YEH WA BESCW 3 R ge A B9 1) A SR A 90 5
w BIE 5 BgE 5L AR 0, EE AR RE Y S LSRR B, Gl IR
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RN 5. 1 24 05 B R 4 O A s UK SR
K f BN 2 SRR B

PRNNRDEZUFF P L) AL 56 2= AR G FL ]
W B AR RN — AR FLIR B, 1% B8 P AE L 5 e T A
TR R B ) IR, T e FL AR 0 &
b REEFIR) A BEA RS Wik, b T
AR R FLRR TR VS T R0 L F U Y R AR AL
FRUEATAIFY. A8 AORF ST 25 SR 2 T IR SR AR /K A g
FURR TR A i R i & B 7

AWF5E%E#E ICODEHOP™S 7R L 4k 1% -1 3151
YT B-N-CBRE Ik COMFH R N 7 BEf sa e, %6
F CODEHOP Ayi& £ A1 5571 384 Jy 1k, I it
FE RN B TR R M
S S S AR b ) 2 R R L R 8 R
Bt BEFF iICODEHOP FEZAMA- 113 -5 | 1P 34 e e
PRINAIEFLATE LI BY B-N-Z BRI OB B, vl
SO ARIE H 38 R R BRI, e 2296 6 5 RT-
PCR A58 HAEZURR TR F ¥t R v B E FH 25 3.

1 #RE5HE

1.1 ##
L1128 5 Fe A8

NCBI, BlockMaker ( http . // blocks. fhere. org/
blocks/makeblocks. html ¥ http : // blocks. fhere. org/
blockmkr/makeblocks. html ) . CodeHop ( hitp; //
blocks. fthere. org/blocks/codehop. html) | clustalW2
(http; // www. ebi. ac. uk/Tools/clustalw2/index. ht-
ml) . iCodeHop ( http; // dbmi-icode — 01. dbmi. pitt.
edu/i-codehop-context/ Welcome ) .

L1.2 ®#kbEikE

7l 2 FL AT B AR 0 R PSR ( Lactobacillus del-
brueckii subsp. bulgaricus) L)), AR SL55 % - 20 C VKA
TRAF; K #F B DHS e, Jb 50 K AR A f0 2 | 5 R
pGET-T, 32 [E Promega 7\ Fl.

1.1.3 XA

A DR 41 2 B 77 4.2 x Bench Top™ Taq
Master Mix 35 i B8 5 52 RIS R &, 98 [ Biomiga
] IR 6, 32 E Promega AL S WA R, AL
PRy e S /N D
1.2 XE:E&

TP600 %6 B PCR X, H A Takara #3234t
FluorChem FC2 #Y#%E I iU1% % 4t , 35 [F Alpha Inno-
tech A7) ;DYY -6C BRI JKA, AL 5N — AR 24 7 5
DL-CJ -IN B P RETC il &5, W ZR T T AR I 2

] ; DHP -9082 AU BH R I IR AR, b il —fE R4
A BR ] ; LDZX - S0KB %37 20 S 28 K B
U H R BEYTAR

1.3 FHiE

1.3.1 [543t & i it

M\ NCBI 25 1 52 5040 22 vy, A7 4% 2 AR B 3 A
N- Tt 220 JE © B 1 B 19 20 0L R e 9. Jd 5 168
rDNAAE 0 HOG e B 2% 0C R B0 | (R IRAME3¢ e TR
(1) N- & B2 B OOl I B BR P91, 23300 < Lac-
delbrueckii  subsp. lactis DSM 20072
GB_EGD27790. 1, Lactobacillus amylovorus GRL 1112,
YP_004031587. 1, Lactobacillus suebicus KCTC 3549,
ZP _ 09451258. 1, Lactobacillus salivarius UCC118,
YP_536455.1, Lactobacillus kefiranofaciens ZW3,
YP_004563601. 1,3 [ iR Z FLfR 751 L FASTA #% 2
TRAF.

FIH iCODEHOP & J 5 i 18] 351 9 14 25 3R
T 1) HEAFEL T 0T BEF I 4R — 4> non-named ¥ F
named session;2 ) YE£E5| 915 1T ( Design Primers )
I, vt b AEHE2E (SUBMIT) A< L FASTA {17 )
FaRFA; 3) S8 “ AT M (Proceed with analy-
sis) W, A2 7R 13 Clustal W2 X 30 26 5 HE iR
PEAT 2P HI T, e SUBMIT AE J Ho X 25 5. IF
AT DA 4 T8 23 78 3k 26 S L IR 119 OC R T,
44t X g5 RS, % FE Proceed, 3K 15 R 5F X
(block) , AL H LA 5] 6 M RAFIX. 4) T390
T, WE G Y EESECR AL %Y ( Genetic
code ) standard , H4x S $0 3 R H BRI 3 8 {7 IF B
( Degeneracy) 128 (#RiN) ;iR kK & JE ( Tempera-
ture) 2 60. 0 °C ( BRIN) ; 45 % & (strictness) 5 0.0
(BRIN) <, T 5197 (Look for primers). 5)
BIIEE 1M . O WoR TR ARG RS
DAET L3RR, I # BRORSF XA U D) 5 Bk 38 00
HEZ. o R N 7 Sk BV e s FEX R 22 R T 81, K
P15 2 19 51 %153 53 ( Clamp score ) M i I FE ( Core
degeneracy ) TH UL L FE 519 . 51 W15 43 07 iy B
Uf, T I B 0L /N R G
1.3.2 @331 ¥ ¥ N-LEBAATHFEHER

8 Biomiga ZNEAZH DNA 2GR & P EHEER
YRS DNA B RE R T3 A T4 3.

PCR JZ WK & H 20 wlL:2 x Bench TopTM Taq
Master Mix, 10 pL, FUE5190°8 20 pmol, 1 pl, T iF
514} 20 wmol , 1 wL,DNA #5475 ng, fill ddH,0 #b
%20 pL. PCR RV 2611 :94 CHULNE,5 min, K5

tobacillus
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94 C A 30 5,60 °C £ 50 °C[A]iE &, 72 °C ZEAf 1
min , 17 30 MEH; B S5 72 C LA 10 min.
1.3.3 PCR Z#agtam Sg Dk 5Lz A
K H 1. 5% B NEWEEE I L Uk A PCR 473 7
Y. SRR KRR AE A2 w] B &I [m] i) & [l
Hi R Bt s %2 W Promega /A A ) pGEM-T
WA & Ul BB AR Jr k. BRI DNA R Bt 5
pGEM-T #& (K 7€ 4 °C i % 1 %, ¥ 1k K W T 1
DH5a,37 CH53% 14 ~16 h, #kik 6 NHEOFHEET
10 pL ddH,0 ", DLt A DNA #ifl, L RV -M F

M13-47 38 51 P17 7% PCR %58 K BH M v
3K EAERILR FEA TN .

2 HRE5SMW
2.1 FHEiGEIMEFHS

LEE 25 IEANIRS Wxk B |y 5 07 B2, 51904593 X
1R KR BEN O, 3 HUS | )X Hex1-f, Hex1-r Fil
Hex2-f, Hex2-r VE M1 B-Hecase FEE @51 9.
SIYRARFEEI R 1. SRS 0 T 57 R
274 620 bp.

® 1 N-OBEEFECHEH MR RS 1)

Tab. 1

Degenerate primer sequences of B-Hexcase

PRAFIX ElE/ B IS5 -3") il -2 IR BKRE/C
x6110vhx2b Hex1-f TGATCGCCACCGACcargarggngg 16 71 61.3
x6110vhx2d Hex2-f TGGGCATCAACTGGAAyttygenceng 64 82 60. 5
x6110vhx2e Hex1-r GCGCCCATCGCCadrtertengt 48 74 63.9
x6110vhx2f Hex2-r GCCTTGATGCCGGceyttraanggna 64 72 61.2

Hin HATCHG, y NCHT; r HAFG

2.2 fEF3|4 PCR 4R

7Lk Hex1-f, Hex1-r fil Hex2-f, Hex2-r /E 4 I
NUES1Y, L LIJ R 40 DNA i, 286 % PCR
P mE A, 5195 Hex] -f, Hex1-r 7£ 24 600
bp ALSRAFE WS 550, 5 B - Bk
/N EIHE R T 1500 bp AL IRTEAE AR (1 2%
T B R T = B 60 °C, A% T IR AR AR
W 3X FE 2R T RIS [ BA — & iR IFE A

M ;100 bp DNA ladder; 1,2,3,4 HviE J i B 4351 8 50.0,53.6,
57.4,60 C
F 1 RSB PCR &3 =14
Fig.1  Result of CODEHOP by gradient PCR

P8 A AR R e R B AT R, R TR AR
I, BT 5 | DR S TR, X — G RIS h
P AR RSP PR M 2 H A TR I TR i A3 B
Jer b RS RE R i SR S A SR T
2.3 &5 PCR YN REELEE

W PCR ¢ 845 1 AniE 2. LLArdkikny 6 4~
OB TE TR B, 2200 51 093 6 A~ PR
FLRE R TR PCR HJ7EIE KT 600 bp Ak 15 3] 7 b

1 ~6 235 FHPE FE B A T 7% PCR, M 24 100 bp ladder DNA marker
B2 TA FeREBHE PR R PCR BRUIRHIESEI it ok 4]
Fig.2  Agarose gel electrophoresis of PCR amplification

of positive cloning
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SRS R T RN SR B R R
BER/h—3.
2.4 PCR F=#1#5 FF & & 51 Bk 34

TEICH A BHPE se RESEA T I T, DU 25 5 B | A
5149 PCR P9 K B0 614 bp , PRSI UNT »
AACTGGCCAGCCTTTTCCTAATCGACAGCACTGGCGA
TTTTACTGAAAACCTCCGACTTTTGGAGCAGTACCAG
CCAGCCGGCCTCCTACTCTTTGCCAAAGACCTGGCGG
GCCTAAGCGAAAAGGCTGTTAAAGAGCGGCTGGCGA
TTTACCGGCAGGCCCGGCCAGGTTTGCTGCTCGCCAT
TGACCAGGAAGGCGGCTTAGTCAGCCGCTTGTCCACC
CTTTACCCAAACCGGTCTTACCCCAGCCAAGCTGAAC
TTTTGAAAAAGGGGGCTGACTTTTTCTTAGCAGAAAA
CCAAAAGACGGCCCTGAAATTAAAAGATTTAGGCAT
CAACTTGAACTTTGCTCCGGTGGCTGATCTTGCGCTT
GATCCGGCCAGTTTCATCTACAGCCGGACCCTGCAAG

CAGGAGCTGAGGAAACCGGGCCGGCAATCGCGGCCT
TTATCAAGCTCTACCGGCAGCTGGGAGTCGCCTCCTG
CGCCAAGCATTTTCCTGGCTACGGGGATGCCGGCGAC
ACCCACCAGGCTCCGGCTAAAGACCTTAGAAGCCTTA
AAGAAGCCCAGCTGGATCTTTTACCTTTTAAAGCTGC
GATCGCGGCGAGCGTGCCGACTATC

{87 35 | ) T30 1) 7= A BE 29 24 620 bp, T 52 PR
WP A BN A P= K B 614 bp. T RESETE KBREk 14
Fealiny 22 4w 1 LA BREE R Y, (B0 e 45 2R 5 13
MF=P R — 2 3k 2 PR, ¥ 38y 5
blastx X} 45 R 87~ , LIJ 5 L. delbrueckii subsp.
lactis DSM 20072 1 B-N- £ Tk 4 0 Wl i 11 — 2
M , M5 Lactobacillus suebicus KCTC 3549 B-
N- L P2k BT i ) — BrE de AR, H— B AT ik
) 40% . L, "TLGERTZ Y 1Y v Beifi oy L) B-
N-Acetylhexosaminidase AJ3453 3K Bt

F 2 fiI51%) Hexl £, Hexl-r ¥ 147511 blastx HoXtah

Tab.2 Blastx results of amplified sequence with degenerate primer Hex1-f and Hex1-r

Feo AR HE AR 53 R — &k
B-N-Acetylhexosaminidase [ L. delbrueckii subsp. lactis DSM 20072 ] 396 9 x10~1% 200/204 =98
B-N-Acetylhexosaminidase [ Lactobacillus amylovorus GRL 1112] 148 3x107% 88/208 =42
B-N-Acetylhexosaminidase [ Lactobacillus salivarius UCC118 ] 150 2x107% 85/209 =41
B-N-Acetylhexosaminidase [ Lactobacillus kefiranofaciens ZW3 ] 139 4 %1073 84,208 =40
B-N-Acetylhexosaminidase [ Lactobacillus suebicus KCTC 3549 | 135 8 x10~% 82/207 =40

3 5% it

A iCODEHOP FE2kfi JF-5 | 9y B4k, Bt
53N fE 5 | 9% Hex1 -f F1 Hex1-r, 7] LA 0 A
WFLFFI L)) 1845 8K /Nh 614 bp A9 34 7™
Yy, 2 TA SR F , blastx Ho X B6AIE H R B-N-2. 1k
FECHEH B2 N A BE. B-N-Z B 2 2 i
fitg BRI 9 3545 R — 20 R 2Ot E 7t RT-PCR 4347
B-N-Z Wbt B H B I 7E LI AV AR T
B3 T %A

LJJ B-N-Z B2 5L O F 11 Bl O <7 55 R B 18 g
i vE BEUERT B R 2 O0C R BGE 1Y [RIE Y A 2 0
RS, FH iICODEHOP & 15 | ¥ 85
(R TR I 5 | A T A 8k )™ 14 s A 20 H A P i i SR 1R
FP 5 R B, DT Sk A S0 35 R B3 114) 0 BRCH 3 v i i
FEM)IRARE.

S 3k

[1] Slamova K, Bojarova P, Gerstorferova D, et al. Sequen-

cing, cloning and high-yield expression of a fungal B-N-
acetylhexosaminidase in Pichia pastoris[ J]. Protein Ex-
pression and Purification, 2012, 82.212 —217.

[2] Slamova K, Bojarova P, Petraskova L, et al. B-N-
Acetylhexosaminidase: Whats in a name...? [J]. Bio-
technology Advances, 2010, 28.682 —693.

[3] Masahiro Ogawa, Mai Kitagawa, Hideharu Tanaka, et al.
A B-N-acetylhexosaminidase from Symbiobacterium ther-
mophilum gene cloning, overexpression, purification and
characterization[ J |.
2006, 38:457 —464.

[4] Uehara T, Parzych K R, Dinh T, et al. Daughter cell
separation is controlled by cytokinetic ring-activated cell
wall hydrolysis[ J]. EMBO Journal, 2010, 29. 1412 —
1422.

[5] Chopin A, Bolotin A, Sorokin A, et al. Analysis of six
prophages in Lactococcus lactis 111403 different genetic

Enzyme and Microbial Technology,

structure of temperate and virulent phage populations[ J].
Nucleic Acids Research, 2001, 29. 644 —651.

[6] Bernard E, Rolain T, Courtin P, et al. Characterization
of O-Acetylation of N-Acetylglucosamine a novel structur-
al bariation of bacterial peptidoglycan[ J]. Journal of Bio-
logical Chemistry, 2011, 286 23950 —23958.

[7] Atsushi Furukawa, Kumiko Nakadi-Tsukui, Tomoyoshi



CERIE R

BESCWIAE (R F5 1 W0 e BRI A MEFLRT B8 B-N- £ Mot 28 2k O i AL [

37

(8]

(9]

[10]

(11]

[12]

[13]

(Key Labotatory of Agro-products Processing and Quality Control, Ministry of Agriculture/ Institute of Agro-products

Nozaki. Novel transmembrane receptor involved in phago- [14] =5, NS, Xerffs, 45 ANSfEsRE  EaEn] 728 X
some transport of lysozymes and b-hexosaminidase in the HEERGI YRt BN R[] BEY ¥ RE,
enteric protozoan Entamoeba histolytica[ J]. PLoS Patho- 2012, 32 (2) .60 —63.
gens, 2012, 8:1 —15. [15] #ag, ZRWE, A%, 5. FIHRIF PCR Fipe AR
Boycel R, Chilana P, Rose T M. iCODEHOP a new inter- WHFFE 02181 WIBREFFIER[T]. &5 =ZEBE KR,
active program for designing consensus-degenerate hybrid ol- 2007( 12) . 65 —68.
igonucleotide primers from multiply aligned protein se- [16] MR, 220,600, S5, b o AR ARG & & A e 3k
quences| J]. Nucleic Acids Research, 2009, 37.222 —228. K BT FE—Orthodenticle FER T3 1 v 187 -5 | 9011715 11
Rose T M, Schuliz E R, Henikoff J G, et al. Consensus- AL )], LT IRYE KA 244 . ASRB AR, 2009,
degenerate hybrid oligonucleotide primers for amplification 32(1):99 —101.
of distantly related sequences [ J]. Nucleic Acids Re- [17] Chen M, Liu HL, Bai Y F, et al. Homologous-restraint
search, 1998, 26. 1628 — 1635. polymerase Chain reaction: an efficient and rapid proto-
AL PRTE ke, S5 R CAT -4 P I col to clone multiple homologous genes[J]. Current Mi-
Sl K ke I]. PE%E, 2010, 32(12) 15 - crobiology, 2008, 57:51 — 54.
19 [18] Zlateva K T, Crusio K M, Leontobich A M, et al. De-

HEWePH, T, XIESC, 4. A CODEHOP il fij¥f
BIYITIRE X 4 AL SR B K6 £ PR e 3 I A Bt
[J]. P EEEER, 2010, 30(1) ;102 - 106.
1EREL, M IE, ZEEEL, %. JH CODEHOP &3
IEE Y TEE BA9 BRI R R - B[], AR TE Toll
K4, 2007, 39(8) 11226 — 1230.

R, REE, AU, S fiiif PCR %R L
starkeyi SESRFRIEEEN [ J]. JRMNIBE A BE . H AR
Bh22ME, 2010, 28 (2) :59 —62.

[19]

sign and validation of consensus-degenerate hybrid oligo-
nucleotide primers for broad and sensitive detection of
corona- and toroviruses| J]. Journal of Virological Meth-
ods, 2011, 177 174 — 183.

Acevedo ] P, Reyes I, Parra L P, et al. Cloning of
complete genes for novel hydrolytic enzymes from Ant-
arctic sea water bacteria by use of an improved genome
walking technique[ J]. Journal of Biotechnology, 2008,
13, 277 —286.

Cloning of -N-Acetylhexosaminidase Gene Fragment from
Lactobacillus delbrueckii subsp. bulgaricus 1.JJ with
Degenerate Oligonucleoide Primers

CUI Wen-ming, LIU Lu, ZHANG Shu-wen, PANG Xiao-yang, LI Hong-juan, LU Jia-ping”

Processing Science and Technology, Chinese Academy of Agricultural Science, Beijing 100193, China)

Abstract: B-N-Acetylhexosaminidase ( B-Hexcase) , produced by a wide variety of bacteria, plants and
animals, behaves like typical exo-enzymes, catalyzing the cleavage of terminal non-reducing N-acetyl-[3-
hexosamine residues with important physiological roles in cell wall recycling. The B-hexcase sequence of
relevant strains genetically close to Lactobacillus delbrueckii subsp. bulgaricus 1.J] was selected, and de-
generate primers were designed using online ICODEHOP and CODEHOP software. A pair of degenerate
primers named hex1-f and hex1-r was chosen for PCR with the LJJ genome DNA as a template. A 614 bp
PCR product was obtained, and was transformed into E. coli DH5a using pGEM-T vector and sequenced
after extraction of plasmids. Similarity alignment showed that the sequence of the cloned DNA was similar
to those of known [-hexcase gene from other bacterial strains. Therefore, the cloned sequence was con-
firmed to be the putative B-hexcase gene fragment from LJJ strain. The results obtained in this study
would provide basis for studying roles of B-Hexcase in cell wall lysis of Lactobacillus delbrueckii subsp.

bulgaricus strains.

Key words: Lactobacillus delbrueckii subsp. bulgaricus; B-N-Acetylhexosaminidase; degenerate primers
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