29 2

Vol.29 No.2
2010 4 Journal of Huazhong Agricultural University Apr. 2010,175 180
, 430070
PCR lacd , pET-
28a( +) , BL21 (44.78+2.84) U/ mL Ni-Resn HP
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29

ATACTCGAGTTATTCAAAAGCGAGATCAAAC

3), DNA ,  TagDNA
PCR ( 94 4min;94 1 min,
50 1min,72 3 min,35 ;72 10 min) ,
pMD18- T
Sal Xho pMD18- T-lach ,
3 kb lack
pET-28a( +)
pET-28a lac4.
pET-28a lac4
BL21, LB ;
37 200 r/ min 1%
LB , )
Deoo nm 0.4 0.6 ( 2.5h); IPTG
0. 1 mmol/L , 28
4.5h;4 12 000 r/ min 1 min ,
PBS (137 mmol/L NaCl ,2.7
mmol/L KCl,10 mmol/L NaHPOs;,2 mmol/L
KH2POs pH 7.4) , :12 000 r/ min
20 min, DS PA GE ,
IPTG
pET-28a( +)
Ni-Resn HP
30 min,5 000 r/ min 1 min
; 3 PBS
10 min, , 3 ; 2
(30 60 100 200
500 mmol/ L 5% ;1x PBS )
10 min, , DS PA GE
SDSPAGE
, PBS
48 h,
Bradford Assay
' 14]
0.1mL 0.9mL 0.4% -
B-D- (ONPG) 43 5 min,

1 mL 1 mol/L Na COs ,
420 nm ,

43 pH7.0
ONPG 1 mol ONP

1 (V)

1) pH
pH (0.1 mol/L Na HPO4-
NaH:2 PO. ,pH 6.0 pH 6.3 pH 6.6 pH
7.0pH7.3 pH7.6 pHB8.0;0.1 mol/L
- PHO9.0) ,
, 37 , pH
: pH

ONPG

2) pH 7.0
0.1 mol/L ONPG ,
(25 27 29 31 33 35 37 39 41 43 45 47 49 51
53 ) ,

3) pH pH 3.0
5.0 0.1 mol/L - ;pH 6.0 8.0
0.1 mol/L — ;pH
9.0 12.0 0.1mol/L -
, 60 min,
pH 7.0 , 43 pH 7.0
, pH
4) 37 43 50
2 48 15 30 min,
43 pH 7.0
5) 43
pH 7.0 ,
( K+ Cu2+ Cd2+ FeS+ Ca2+ Zn2+ FeZ+ c02+
Mg™®  Mn*") 2 mmol/L ,
6) Km Vi 43 pH 7.0
; ONPG (1246

8 8.33 mmol/L) ,
,  Lineweaver-Burk

Km Vimax
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2.1494 DNA
PCR ,
3 kb DNA ( 1, (3078 bp)
, pMD18&
T Sal Xho ,
3kb DNA ( 2,
pMD18 T
bp
3500
3000
2500
M.DNA DNA marker ;
1.lacA PCR PCR product of lac4.
1 PCR
Fg.1 Ge electrophoress analyss of PCR
product of lac4 gene
bp
3500
3000
2500
M.DNA DNA marker ;
1. pMD18 T-lac4A Sal and Xho pMD18-
T-lac4 digested with Sal and Xho ; 2. pET-28a lacA
Sal and Xho pET-28a lac4 digested with Sal  and
Xho .
2
Fg.2 Idertification of recombinant
plasmid with regtrict digestion
pPET-28a lac4
BL21, IPTG ,
SDS PA GE ,

IPTG pET-28a( +)
) 122 ku
( 3123,
( 3456,
| ac4 BL21 ,
117.6 ku,
41 ,
4.5 ku, 122 ku,
( 32 ( 312 ,
2 1
Ni-Resn HP
, DS PA GE ,
122 ku (
3PLAC) , )
Bradford A ssay ,
80.56M ¢/ mL , (20.59 £ 0.19)
u/mL, (255.55+2.32) U/ mg
ku M P-LAC1 2 3
116.0 e = S —
66.2 w— a
45.0 W
35.0 w . —
25.0 w— —
18.4 w—
14.4 w—
M. Protein marker
PLAC. Ni?* Purified recombi-

nant lactase by Ni?*-chelating chromatography; 1 3.
IPTG
tant ,total protein of recombinant strain with IPTG inducement ;
4. IPTG

Supernantant ,precipi-

Tota protein of recombinant
strain without IPTG; 5 6. IPTG IPTG
BL21/pET-28a( +) Tota protein of BL21/pET-
28a( +) recombinant strain induced with IPTG and without
IPT G,respectively.
3 SDS PAGE

Fg.3 SDS PACE analyss of recombinant lactase

1) pH pH
pH 1
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29
pH 7.0 , 10
& 90
pH 7.0( 4) Z 80
pH 4.0 10.0 90 % #3 70
vz o 60
, pH3.0 pH11.0 g E 5o ]
&2 40k —37%
) = é 20k —e—43C
E —4—50%C
( 4 < 20t 20
—— [izifipH pH optimum = 10F
—‘—I)H*%\félﬁ pH stability 00 4 8 12 16 20 24 28
100 7100 AL FRIFFE] #/min
S 90 190 ¥
Z 80 180 = 6
Z Zg | Zg ﬁ E Fig.6 The thermostahility graph of the recombinant lactase
2250 150 % 0, 37 ,
Z5 40 140 &2 .
*3;’%0 ] 3033473 30 min, 43 50
23 =
=20 120 3 3)
=10 110 =
O 1 1 1 1 1 1 O ( 7)
34 5 6 7pH8 9 10 11 12 (CK) ca&t 7t Fe
C02+ Mgz+ Mn2+
4 PH  PH , 18. 53% 54.49 %
Fg.4 The pH optimum and pH stahilit .
9 i P pmene e Y 293. 65 % 347.56 % 422.95% 549.81 %, K
graph of the recombinant lactase - s
%) ,Cd Fe
3 45.83% 28.14 % ,c 2t
. . , u
41 45 , ° °
29 51 , )
43 50 %
700
43  ( i
100 g 600F
\ T 500F I
; 80 gé <00
= = £ 300F
EEE =
= é 60 _é 200
< o ,.f
é 50 = 100-|—| H
il
= 40 01|2|3l4lsl6l7|8|9|10|11I
30 L L L L L L J 4> J& BS F Metallic ions
25 29 33 37 41 45 49 53
Tt JiE Temperature/C 1.CK: 2.Cu2* : 3.Cd?* : 4. Fe®* : 5. K* : 6.Ca2" :
5 7.Zn%% ; 8. Fe?* ; 9.C0%" ; 10. M@?* ; 11. Mn?*,
7
Fg.5 The temperature optimum graph Fg.7 Hfect of metalic ions on activity of lactase
of the recombinant |actase 4) K Vire ,
37 43 50
( 6 37 30 mn
50 % , 43 50 , ( 8), Y =
43 2 min 30%, 0.197 7X +0.056 6,R =0.991, Km = 3. 49
43 8 min 50 2mn

mmol/L ,Vmx = 4.22 mmol/ (min - mg)
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1/v

( Paenibacillus)
stearothermophil us)

bacill us aci dophil us)

7=0.197 7 +0.056 6
025k R=0.991

0 02 04 06 08 10
18]

8
Fg.8 Thecurveof 1/ vto /[ S]

( Pyrococcu f uriosus)

(Bacilluscircul ans)

( Flavobacteri um)

20.98 U/ mL ,

33.102 U/ mL™

25.06 U/ mL ,

4.55 U/ mL™
(44. 78 £ 2.84)

)

(bgaB)

(Bacillus
( Thermotoga ma-

( Rhizobium me-

55.35 U/ mg'®
(255.55+2.32) U/ mg,

[9]

[10]

(Asperqgillus
ni ger) (Bacillus circulans)
(Aspergillus candidus)
(Alicyclobacillus aci docal dari us)
, 6 mg/ mL ,
3600 U/ mL™

271. 15 U/ mL , 0. 66

mg/ mL ! (Aspergillus niger) "

( Kluyveromyces lactis) ****

7.0, pH(pH 6.6 6.8)

p H 1 L]

(44.78 £2.84) U/ mL ,
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Expression and Enzymatic Properties of Lactase Gene from
Kluyveromyces lactis in Escherichia coli

XU Shurrging CHEN Xing-zhou CUI Luo-sheng LIANG Yurnrxiang ZHAN G Zhong-ming
State Key L aboratory of Agricultural Microbiology,
Huazhong Agricultural University ,Wuhan 430070, China

Abgract The lactase gene(lac4) was amplified from the genome of Kluyveromyces | actis through
polymerase chain reaction(PCR) and then cloned into Escherichia coli expression vector pET-28a( +) ,
and the lac4 gene was success ully expressed in Escherichia coli 21 ,enzyme activity reached (44.78
2.84) U/ mL. The recombinant lactase was purified with affinity chromatography technology ,then ana
lyzed by SDS PA GE ,its molecular weight was approximate 122 ku. The optimal reaction conditions of
lactase such as temperate pH were43  and 7.0 ,its half-life was 30 min at 37 . It was very stable on
the condition of pH 4.0 to10.0 ,and can be greatly activated by Ca®* ,Zn** ,Fe’* ,Co’* Mg’" Mn*" its
specific activity was (255.55 +2.32) U/ mg ,the response constant Km was 3.49 mmol/L ,the maximum
reaction velocity vmx was 4.22 mmol/ (min - mg) .

Key words Kluyveromyces lactis; lactase; gene expresson; enzymatic properties



