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Boe® ' MEAEAKY EEELET HER' £RY BzdAxTY

U SO F R S TR IS IERIERE 010018

2 WEEHANAHEIRIEEEE S IERIYERE 010018

3PS AT R S TR S ST 0% AR TR S D 5 SR Y
S BRSBTS IR 010010

B E: [ %] A BEE B (alkaline phosphatase, ALP)Z & M4k A AL BRBRA Kt 69 A58, R4
ey ALP MM 5 A A %, R4S ALP AT LR, 2o A FTAR Y, 28 %
X TIHEREAF ALP 94K AL V. [B 6] frik i —# = ALP HEH B E B AR GIAFH, 2
GEEVAT B Ak, T EMR AR, AL G R AE N IT LA A F= ALP 89 T b Ab A = 3437 69
WAEMFTR. [FEYRERZFE 4 MR QR DA o, @i R &R 55 Febl &4 m 555 xF /= B
HARAAT IR L, B EFNKR, A AL TR 16S IRNA &R 57| B R LR AT AT E A 42
KA B AR RARIR ALP, ZABR4IUIT . DEAE-52 & F 4% BT, Sephadex G-200 %%k it JE B 47
“AbiZ B, SDS-PAGE Wikt b B, [ R] A 78 MMILER B F o B Th it — 4k = ALP B& % 1%
RS0 IATE (%5 H Z23), 16S rRNA AR F 7| KEH 1473 bp, S XL REANAH R SHEIATHA.
AL G B BELLE 1 4 180.27 U/mg, 4hAbAZH A 48.37, BEE IR A 17.05%, Z B LA 0F K
4 46.7kD. B HRFT & ALP #3808 & A 37 °C, 4 °C BB E R A 452 ; % 3& pH 4 9.5, £ pH 9.0-10.0
Z ia), BEEAL T IR 90%VA b Mg? Fe K34 ALP A 88 30745 A, Ba® A Cu® KK I 3+ ALP
HBEER, SRENAFITEMER, Ca¥’. ZnF EDTA #F ALP A 32 A 6474546 A . VA RE R
p-NPP 4 j& 41, MAFEEE) Ky A 3.42 mmol/L, Vi /E#4 1.24 mmol/(L'min). [4£]1 AR R+
EMRERLIG P2 A R KRA T EAHPHG AL, HE G mIEBEBRBE = & 7 69 5 & Ao Bl 69 5L R -
BET FikAR.
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Screening, identification, purification and characterization of
alkaline phosphatase from Lactobacillus
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Inner Mongolia 010018, China
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Abstract: [Background] Alkaline phosphatase (ALP) is a regulating enzyme involved in phosphorylation
in living organisms. The properties of ALP in different species are related to its physiological functions,
and the purified ALP is commonly used as a tool enzyme in genetic engineering, but there are few studies
on ALP in lactic acid bacteria currently. [Objective] A strain of Lactobacillus producing ALP with
potential probiotics was screened out, the enzyme was isolated and purified, and its properties were
preliminarily investigated, which provided new microbial resources for the development and utilization of
probiotics and the industrial production of ALP in the future. [Methods] Samples of Koumiss collected
from four regions of Mongolia, and the enzyme-producing strains were screened through chromogenic
reaction preliminary screening and enzyme activity detection rescreening. Strains were identified through
morphological observation, physiological and biochemical identification and 16S rRNA gene sequence
homology comparison. ALP was extracted by ultrasonic crushing, purified by ammonium sulfate
precipitation, DEAE-52 ion exchange chromatography and Sephadex G-200 gel filtration chromatography,
and the purity was determined by SDS-PAGE electrophoresis. [Results] A strain of Lactobacillus with the
highest ALP-producing enzyme activity (No. Z23) was isolated and screened from 78 strains of lactic acid
bacteria. The length of the 16S rRNA gene was 1 473 bp, and the identification result indicated that it was
Lactobacillus rhamnosus. The specific activity of the purified enzyme was 180.27 U/mg, the purification
ratio was 48.37, the enzyme activity recovery rate was 17.05%, and the relative molecular weight of the
enzyme subunit was 46.7 kD. The optimum temperature of ALP produced by the strain was 37 °C, and the
enzyme activity was most stable at 4 °C. The optimum pH was 9.5, and the enzyme activity stability could
reach more than 90% between pH 9.0 and 10.0. Mg®" and K" had obvious activation effect on ALP, Ba*" and
Cu®" had activation effect on ALP at low concentration, and inhibition effect at high concentration, CaZ+,
Zn*" and EDTA had strong inhibition effect on ALP. Using different concentrations of p-NPP as substrate, the
K value of the enzyme was 3.42 mmol/L and the V., was 1.24 mmol/(L-min). [Conclusion] This study has
a clearer understanding of probiotic resources in Koumiss in Mongolia, which opened up a new way for
screening ALP-producing bacteria and application of the enzyme in the future.

Keywords: Koumiss, Lactobacillus, Alkaline phosphatase, Screening and identification, Separation and
purification, Enzymatic property
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BRAE TR ik 5 S 95 RE 7 — i 25 1F T AL L
PR TR Ak 5 MoK fi 1 — 2K i g, AR AR B Bl
A Uk A A [R] AT 3 A 1 95 2 1§ (alkaline
phosphatase, ALP)FIRRPERERZ i (acid phosphatase,
AcPase) i A2, Bl E B BRI — 2 AER M 5 1F T
FAT S Ve R S R AR AR, R A e

T AN &G E BT S, Qi

RS . TERRI A YIRS A I AR R, ALP R
BT HONEERVER, TR AN AT B S S R
SRS AT, dERpiR S B RS RELL , HLAE
BB BRI LS AR R AR A — e P
I R _E ML ALP {5 1 7Kl Z Rk 2
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Wrdshr, QOBERRIE . B . D RERRERS EA Ok DL &
F B T AR A5 i ALP 3 0k FIVERZ R S3Hr 25
WEFErh, LR A= R S S B A S e AL I P iy
PRICHE® S KEE T fE N PR R AR e, 1
AL PR, AT LI R R R R T i
WIERGIFEERT AT (R 2 4

RAE 20 fhald 50 4R40, ESMIITIRXS ™ ALP
MRAEA A GE, REEE A ALY,
PUE TR R (08 S 07 DN /7Y ol I = A S N 770 ]
ALP (251 | DhE B AR TS 15 a5 i Al
B3 HAgxtF ALP BBFsE 24+ Tiiizlshd
e AR S A Y R RS . LR
TR — 28] K e K AL & W) 5 7 AR LR Y 22 IR
PRPEAN B B A BRU ST T A T A A S P ELE
AEEN AR BRI T ARE T ALP
MFIREEAT HE . BRI, AR SCLRASE N R T
T B IR A FLRR TR XS 42, AR H — ok
77 ALP HHAWTEs AEBZATE, JEXF ALP
P4y B A AL B2 R EE 5T, AN ALP 7= 1
AORTFFE SR AT A S, Rl ALP A8 Tl Ak 7
IR PSR 4 S 36 7 I AR R

1 #e
1.1 HmHIRE

e S e R AR A S ERIPUR A . RhLE
B ARTE . PR 4 DS ARFHLX,
1.2 EFERFERTFNE

AR FLEGFR3E . MRS ARG FREE . MRS [# {4
FEFRBE . 0.75% MRS-CaCOs B35 H HBI FLAR A
AR ES, TS R T A AR R
Oyl AT 2 DNA 25U £ . DL2000 DNA
Marker, RMAMBHLACT)ARAF; XTAEER
R WEIR — 40 (p-NPP) . XJ A ER B (p-NP) , Tk
Fir 1 Marker, DEAE-52 B 730 f 4 & |
Sephadex G-200 5 RMEENL , JL R ZSEERHE AR
NFl. HBVEREEA, B —ERRAE A R
Al YC-1 B2 HE, Bl s mir muies) .

2 B
2.1 PR M RAEREE AT I B i E
2.1.1 FEREMREIVITE

KM BTAGE 7 B LR T, T 1 mL iR
WIRESL, F 0.9% (it o) K8 i AR A BEER K AR
BOEERRE, YR 107, 107, 107°5% 3 MR R 1K

i, A3 WA T MRS-CaCOs B 55364l | ,37 °C
P%24%h E I IC R P TEFRIE, BRICAT L

RS RVRAAE T A V5 05 P ) T o S Rl et
E@&%ﬁA%@%oﬁmiz&%éﬁmr\u
A SR A B A BT AR DR T o o i Ak P
G R BAREHE LG T MRS [EIARE IR R P RIZ 5
7, BRA YR mg/mL p-NPP., 1 mol/L pH 8.5
(1 Tris-HCI ) FEAUR W TI7% b, BT 37 °C 85
FiAH 3 min, Phkag] BRI ERT TR
212 FEEKNETF

W00 5 B MR T MRS AR RE R,
37 °C #FEEgE 24 h, TEHEFE 3 14, 4 °C. 12 000 r/min
250 10 min R, D MO AR

BB ARTTIEH pH 10.5 % 10 mmol/L ARERZE MWK
Ve 3 UK, AR, VKIBSMET 500 Wl R
€ 15 min (TAE 10s, 551 158), 4 °C. 12 000 r/min
240 10 min J5 B IERINE M N BTG, LA
U5V TR L D RIS MR 1 RN, 1 e ML
PRHOT UG, BEHURERG 785 0 TR A T ik
213 EELHREBERSEMINE

S A P A TG T v 2R 0, TR R
H15 1 mL 10 mmol/L BRERZZ MM (pH 10.5). 1 mL
5 mmol/L p-NPP (& 1 mmol/L MgCl, [HRIRZE i
BT 1 mL B .2 mL Z&18/K IR A)E T 37 °C
N 60 min, JGHIA 3 mL 0.1 mol/L /i) NaOH (%
5 mmol/L EDTA)Z¢ 11 o TG J1 50 (U)E SR
37 °C TR PKEIIEY) p-NPP 4/ 1 pmol p-NP
JIF B R 1 AR B

2 T 3 2 1 9 A R 1 e e oty
28, LA I 2R AR D0 AR S P R P
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22 EHEE
221 EEEREBEUWLERE

WEE H A ARRE MRS FEIARRE FR3E A ROk
DUFETEIEAS, PRECH TR & F 17 22 R L 0 5
i, AR LR R A T 4 AR FH U R A5 X S g T
PRI T . BESERS R (FINERREE T
i) PR (AN % e T ) B
222 HDFENFLERE

FieHE DNA $EEGR G b 0 20 B Bk ) 2 K]
ZH DNA #7820, PAFLERIEE 519 27 (5'-AGA
GTTTGATCCTGGCTCAG-3")F11492r (5'-GGTTAC
CTTGTTACGACTT-3") WA i/E4T PCR ¥4, PCR
FSAAZR(50 uL): #Hk DNA 2 uL, F. FiEsl¥
(10 pmol/L)4% 2 uL, 2xEasyTaq SuperMix 25 uL,
ddH,0 #ME % 50 uL. PCR [0 45 97 °C 3 min;
94°C30s, 55°C30s, 72°C 2 min, 1t 30 MEH;
72 °C 10 min,

FH 1%B 8BRS L 7k X PCR B 3 =) EA TG
WG, 26248 T A TR B R /I,
¥R 7 97E NCBI _Lif1T BLAST Zr#frtext, #i
F MEGA 5.0 i R 5 & FW,

23 RSB
23.1 FRERER D RIIE

i B %) R T R P B PR 8 43 G DLUE 1Y) T
¥, 4°C §E 2h, 10 000 r/min &> 20 min J5,
Wt 60% IR EET ITTTE , FFREHETTIE Y S 7T
/D HIHE A 50 mmol/L ) Tris-HCI (pH 7.5)Z% i
WHsHR, T 4°C TETMRZ R SR, &
Ba> ¥ BB P LA aiiE)E, Wik TR, T
—20 °C PRA7FEH .

2.3.2 DEAE-52 BFXREH

0.2 g R TR B 2T S mL Z2opii
FEOTEAEIG ] 0.45 pm (UERGIE,  ERETHSEMIS
R DEAE-52 B FAS 241 E(2.6%30 em),
F4 0—1 mol/L NaCl FJ Tris-HC 2% ik #E4 714 S kh
BEVEMG, WM 0.5 mL/min, %45 5 mL el
STREN, IE S RS R A A, BT

EREMER, 4°C TENBREIFRH TG, T
20 °C fRAFEH .
2.3.3 Sephadex G-200 EiRid 8B Hr

18 2.3.2 WRR 7 Keifdh_EAE T Sephadex G-200
BERE I8 Z A (1.6x60 cm), FH% 0.1 mol/L NaCl
19 Tris-HCI 2 MR PE 14, Wi~ 0.2 mL/min,
FEWAE 3 mL, AR 1R L, ETBRERIT
BTG, T-20 °C AR~ .
234 MPAGELEERMERSFENE

K SDS-PAGE HLyk X 4lifb Jim i g1 14l i
E, PR AR HESE AT RS R Ay 1Y
XTEE RS bRE £, glifb =P fe AR 240 e
UK, MRPEIHARR TS R AEARHE T £ oRA5 504k
24 MFEMRAMR
24.1 ALPREEEREH

HCRE 2.1.3 v ALP FTE S35 s, B —
ZANREQR7T. 32, 37,42, 47, 52, 57, 62, 67°C),
T SRR AR, DU AN ()3 B T Tl (4 A X
71, LAMEE 150 100%.

B ALP 23518 F 50 mmol/L A [d] pH (& (pH 7.0 .
7.5, 8.0, 8.5)ff) Tris-HC1 Z& i #11 10 mmol/L A[A]
pH {E(pH 9.0, 9.5, 10.0. 10.5. 11.0)AYBRERZE thilk
H, AR EEA S, e RTE) pH E T BT
FHXTIE J1, DABGE 18 s 6k 100%.
242 ALPHRAEM

W E TN EIRE TR0 1 h, BUR Sy
HEER, UAGREAERE 10 100%, AR
TR T REARXE 1, DAEHE iR Ea e

VR E TAFR pHE T, T4 °CHE 1 h,
PABEHS S35 i 100% , TN pH E R A A
G A1, AR R pH AR E T
243 £RBEFEDTA ¥t ALP B8

Tw] il S AR R RIS R EE(1.0, 2.0, 3.0,
4.0.5.0 mmol/L)I¥) 6 Fli4: )& 2571 EDTA 5Bl 55
RFURA, MERHS 1, DIAINA 4R 5 Ff EDTA
N IEEE 18 100%, THETEA R A4 T B0 AH X
1.
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244 KEBH Ky FRARRIRE Vo BINE
Be A [EIe (333, 1.67. 1.11. 0.83. 0.67.
0.56 mmol/L)f#% p-NPP, 7 37°C. pH 9.5 &4 T
W A [ e BT YRR RN B B, R A
Lineweaver-Burk BUEIEUAEEL, 75104 p-NPP Fl
S REIECARE | HARBR, THEH ALP K [RH 5L
K TEL TR 0 T Vi

3 ER545Hh
3.1 FERRMYRAESEE FLER AT B AV ik
3.1.1 FEEIREIVITE

WA IR AR AR A e | AL A
5, XTRESh R B AR B BRI T e, T 78 B
FLRREE . 76 MRS ARG TR, =AY
AR R A3 BB TFix 78 MRFLIRIE b, M4 8 e
15 BH S 0] PR R 7 B RE 1 A TR, R
16 RP=HFE R, HP B4, H2, Q7. RS, T22. 723
e, Z5RILE L

®1 FHEKEG

Table 1 Preliminary screening of enzyme producing
strains

Strains number Result
B4 d=HF
B12 4F
D3 e

ES8 4

H2 d=HF
HI15 4-4F
J20 4=
P9 +*

P17 e

Q7 e
R5 A=
R14 e

T22 S
W19 4=
Z5 HF
723 A

TE: + WOMRCIIE; + HEBIWIE; + MAREG,
BRI .

Note: +++: Yellow is very obvious; ++: Yellow is more obvious;
+: Slightly yellow, but not obvious.

3.1.2 FEEHRNER

WX E R B4, H2, Q7. RS, T22., 723 ikt
FETEI e, 25 DL 1, A5 TRRR M Y B TS SR F Ak
fitgis , o RbR 223 MO RS e, A 2.35 U/mL,
K IR AR 223 AR SE g it bk, F e
32 EHEE
321 FEAFEREBENLETE

APk 223 76 MRS AR FAEK R, W
WEA 1-2 mm, WEZRETE, BiE A7 A6, &
A B (A 2), F4 R 58, HH 4R
FRPETE, BEk A RKAT SRR BN B (A 3), A
IWRTHI A S A AT TR -

WIkR 723 ZF LRI EAL A 45 A A A e 51
K, GENEE 2 Bk, SR (AR E T ) B
HOXT LTRSS E SR, WA R R AT

307 & Intracellular enzyme activity
2.5 O Extracellular enzyme activity

20} B

L5}
1.0}

Enzymatic activity (U/mL)

0.5¢

R s I e

B4 H2 Q7 R5 T22 723
Strains number

E1 FEEROET

Figure 1 Complex sieve of enzyme-producing strain

2 kK 223 BERS
Figure 2 Colony morphology of strain 723
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3 EFk 223 EEREBRELLERA00x)
Figure 3 Gram staining microscopy results of strain 723
(100%)
322 NTFEMFLE

LR 223 (9 16S rRNA FE FF 4143 Hr 550
AN 1473 bp, %4 PCR Y1), 7E 1500 bp
KA R S A, X KRS R — 2

FIF MEGA 5.0 ty i R4 L T, i 4 FioR,
bk 223 5 Lactobacillus rhamnosus ATCC7469 %
K, BGRRRIE, MUMEE 100%, 456w RIE
B PR AL, B TPk 223 S0 o B REFL
FFA
33 ZFLATE ALP D BE4LER

FLFFB ALP HLESK 2 DEAE-52 & 5827

*2 EHEZ23 EEENEEIRER
Table 2 Physiological and biochemical identification test
results of strain 723
Biochemical reaction

Results

Aesculin
Maltose
Salicin
Sucrose

+ o+ 4+ + +

Inulin
Raffinose =
Cellobiose
Mannitol
Sorbitol
Starch hydrolysis test -

+ + +

Catalase test -
Arginine ammonia production test =
W o+ PR - B

Note: +: Positive; —: Negative.

gift)s, Z5RE S Fron, @i F 0-1 mol/L NaCl
(%) Tris-HC1 2 IR ERFE VRIS , 1381 — N1 70,
EHAE 2327 I, HAE 280 nm IR )
A, RIS S0 T I s+ A —
W, R4 A

¥ ik DEAE-52 4lifbifiT /5 ke ibias g,
FEF Sephadex G-200 &L )ZHTHE, 48 0.1 mol/L NaCl
() Tris-HCl ZZrig el fe, W5 HEE 6 A1 280 nm
TREA SR, WK 6 i, HB—ANE g, &

100 | Lactobacillus rhamnosus (ATCC7469)
100 !_i 723 (MN582955)

99

Lactobacillus casei subsp. (ATCC393)

—

Lactobacillus brevis (ATCC14869)

Lactobacillus plantarum (JCM1149)
Lactobacillus fermentum (CIP102980)

100

496<—,7 Lactobacillus reuteri (DSM20016)
100 Lactobacillus panis (DSM6035)

Lactobacillus gasseri (ATCC33323)

Lactobacillus Acidophilus (BCRC10695)

—
0.01

4 Bk 223 T 16S rRNA EEFFIN RS L B/

100 LI: Lactobacillus crispatus (ATCC33820)
63 Lactobacillus helveticus (DSM20075)

Figure 4 The phylogenetic tree of strain Z23 based on 16S rRNA gene sequence
TE: 233 ERBCF IR R SR I 1000 YOTHRTE BOZ ST 23 s 3 S AR LR R, RO 0.01;5 55 AR

5 0 T A B#HERY GenBank &5 5.

Note: Numbers at the branch nodes are bootstrap values, expressed as percentages of 1 000 replicates; The length of branch represents the
evolutionary distance and the coefficient is 0.01; The number in parentheses is the GenBank accession number of a known strain.
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- Enzymatic activity —Protein content Héth BF s == ===
141 _NaCl concentration 030 | 34 ALP E’J %F‘ém&ﬁ?zd\ﬂm
~ : 1 0.7 2l Ak J5 ) ALP 25 SDS-PAGE #6: i & /7% hy 2 —
g 10. g
S 0206 5 g, RN T R, RUIAGILIR Y ALP k3
z 1720 103% THIIkal, AR y=—1.577 1x42.582 5
s 10152404 & ., [N
2 X 108 s (R=0.977 6), T ALP ATESLHIX 53 T h
= 10. 103 Z
g Nt 46.7kD.
S 10.05 402 ~ "
3 ~ looo oo 35 EFHFES

0 10 20 30 40 50 60
Tube No.

Bl 5 DEAE-52 BT3B
Figure 5 DEAE-52 ion-exchange chromatography

14 -
« Enzyme activity 10.30
3 121 . Protein content
E 10.25
S 107
= 10.20
= 8 | 0.1 &
g 6 r / I 105 8
2 10.10
=4 \
10.05
s ool |~
10.00
O 1 n

15 20 25 30
Tube No.

6 Sephadex G-200 AR TR BN
Figure 6 Sephadex G-200 chromatography

FE 9-12 BEIXIR, PHIHIZIE T T BRI T
[Ff—&rh, R .

PR P RS, SRIBCH AR R 2 R
SrRUTTE .\DEAE-52 324 =47 . Sephadex G-200
B g Eralifb)s, 45Nk 3 PR, mAATE|
FLAF I ALP 2lifb 9y Hid 71 180.27 U/mg, 4k
TRAEECH 48.37, BERE IRIACER 17.05%.

*3 HAHFE ALP 4L ER
Table 3 Purification of ALP from Lactobacillus

3.51 ALP M&i&ERE X pH

HH I 8A AT, TEWRLEE N 37 °C W), MG 1%L
A TEMRBE Ny 32-47 °C B}, HERIAIRTE /1] ik
80%LA s IRFEBL 47 oC B, FEEAHXTIE Sy A
TR IR 62 °C, BEAHXIE A 30%74E
fio B, ALP Msas IR EETE 32-47 °C Z[A],
Horr 37 °C AV E R

& 8B AJAl, 7E pH 7.0-9.5 Z[a], BEAYAHRT
TG IR 24 pH M 9.5 BF, BERE I EUEROR,
H.*4 pH 7£ 9.0-10.0 Z [A] &}, g4 A X 7177 35 90%
Ph b B, ALP s AER pH 7E 9.0-10.0 Z ],
Hrr pH 9.5 M idEAEH pH.
352 ALP WA EM K pHREM

AN IR PRI IR, A5 RNl 9A PR,
PL 4 °C MRAFIIEETE T H ol 100%, HARHMF
T WA ) il ) 45 S AR N IS O . BE R R T
=, BEAESHTE 1A IR T 47 °C i,
FEAEXTE 2R TR SRR 62 °C B, A
XHET/NF 20%, FLZEiaT 4, kol WgE
A T ARG e r:, miR A P RE k2
E PSR

2N pH CE IS M, 555Kl 9B Bk,
16 pH &y 7.0-11.0 Z[A] R}, PEAHXTTE O 2 30 Se

Purification steps Total protein (mg)  Total activity (U)  Specific activity (U/mg)  Purification (fold)  Recovery (%)
Crude extract 998.40 3721.42 3.73 1 100.00
(NH4),SO4 precipitation  338.06 2 454.84 7.26 1.95 65.97
DEAE-52 32.04 1 036.25 34.60 9.28 29.76
Sephadex G-200 3.52 634.56 180.27 48.37 17.05
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kD M 1 kD

97.4

66.2

43.0 46.7

31.0

22.0

144

7 ALP K SDS-PAGE H ;K[

Figure 7 SDS-PAGE electrophoresis of ALP

. M: &) Marker; 1: Sephadex G-200 JZ M7/ BB .
Note: M: Protein Marker; 1: The enzyme liquid after Sephadex
G-200 chromatography.

A
120

100

[
(=}
T

604

40}

20F

Relative enzyme activity (%)

027 3I2 3I7 4IZ 4l7 5l2 5l7 6l2 6l7
Temperature (°C)
110 ¢
100 |
90
80
70
60 -

Relative enzyme activity (%)

50 F

0 1 1 1 1 1
7.0 7.5 8.0 85 9.0 9.5 10.010.511.0
pH

8 ALP HRi&RE K pH
Figure 8 Optimum temperature and pH of ALP

Relative enzyme activity (%)

0
22 27 32 37 42 47 52 57 62 67
Temperature (°C)

120 -

100 -

80

60

Relative enzyme activity (%)

0
7.0 7.5 8.0 8.5 9.0 9.510.010.511.0
pH

E9 REK pH X ALP f2E MRS
Figure 9 Effects of temperature and pH on ALP stability
KIF U/ NS, 2 pH Ry 9.5 B, i 1 E (i i
K, EEEHCAERE, H pH 7E 9.0-10.0 Z[A]E, fif
FIFIXT S J13897E 95%LA |, Bk, ALP fyfsetk
£ pH 9.0-10.0 2 [A], 2ot pH 2 9.5 B Fave Pt
353 Z£BEBETFH EDTA % ALP RIS

A O AR [FIHR B 119 42 J& 2511 EDTA,
SERNGE 4 FR, BEEMIERER, Mg R K
ALP 4 W] S A30E T , Ba® R Cu® 7EAR e 32 Ik ot
ALP HEGEVER, WL 3 mmol/L B A i
YERH, Ca*'. Zn®"Fl EDTA % ALP 43 B 5 [ i/
FH, Hrh EDTA X ALP (37 5ok W 6 .
3.54 ALP BRI NZEH Kn 1 Vi BE

PIARTRIHEE ) p-NPP NS, 5 ALP WY
Lineweaver-Burk XUEIELHH 2k 45 R WKl 10, 16 HhZk
AILRME T FEh y=2.763 4x+0.808 9 (R*=0.996 2),
Hrp—1/K, ARERIAREE , 1V NNEIEREE , 115515
K {4 3.42 mmol/L, Vi fE°4 1.24 mmol/(L-min),
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T4 AEIRESBSBT EDTA 3t ALP B§E DM IMAEERTEH, %)

Table 4 Effects of different concentration of metal ions and EDTA on ALP enzyme activity (relative activity, %)

Metal ion and EDTA Concentration (mmol/L)

1 2 3 4 5
Mg>* 148.03=0.002 154.21+0.023 162.50+0.004 170.22+0.012 176.03+0.005
K 135.96+0.004 137.5+0.005 142.84+0.002 144.26+0.016 154.49+0.013
Ba®' 121.210.005 111.38+0.002 106.430.011 99.96+0.003 90.28+0.004
Cu** 121.400.022 118.65+0.034 102.53+0.007 83.29+0.059 72.75+0.006
Ca*' 76.97+0.018 60.9140.024 57.22+0.005 55.0620.021 50.14+0.003
Zn* 38.20+0.001 31.3240.012 30.90:£0.004 29.07+0.015 27.93+0.028
EDTA 35.57+0.006 21.49+0.011 16.67+0.008 11.25+0.014 6.49+0.055
or ALP 5T b FREOC R . Ik, FIIfESE
=Nl S TITHR R AN TR PR 2 B RS IR S T T E AR A
=) S N e Ny
4 ol it AR T ATIXEERSE 7 ALP AT R
33t SRR
E - N
=2t XN R AP 0 e 80 AL, $EHUR4lifb
= 1=2.763 4x+0.808 9 i o s
1p R=0.996 2 ALP W)l iEAA BT 22 5 IR 55 #E , Asencio 55
- — - - 2o FIIH Triton X-114 FRAMIL 73, SETRE R e R
-0.5 . 5 . 5 . » . ‘
1/[S] (mmol/L) P ALP, FERIBREHIRYP AR, a1

10 ALP #J Lineweaver-Burk X {235 ph2k &
Figure 10 Lineweaver-Burk double reciprocal graph of
ALP

4 P

ASCUASE T R W5k S R e ) 78 ARFLIER
BOMBFFEXT S, LIRS R B iR — 40 R I 1~ F-
MU 6 ¥RF™ ALP & J1ACm O FLIR I , 18
T 0 TG 7 R/ TRIAR S W, e 245 31— RIS
J185cR5(2.35 U/mL) A B iR 223 3l i B RRTE A 00EE
He PR AL MEE K 16S tRNA BEK R4 FE X i, &
O L R LA IR, K O B Sk B
AREFLFFIE ALP BORES . FBIPIXHER 5 Fhglig
B O g 2L A i R TS /NI e B, T AR
AR I AN LA . e P Bk TR I RSB FLAT
B, f&K¥H 0.081, 0.0150, 0.097 U/mL., 15 fity 220!
IS AR 0 Al 1 00 A 0, DA 3
PER| R ALP MITARE S377, RIS %E T
A 2 8 M B /R 22 AP (A, orleanensis).
Zhou PRI FIA IR IRIE, 454 Aok i
TS, Tk 6 BRr™ ALP BY4HE, FFR T

SERORI FIAE TR | BRIRERTTIE . DEAE-52 B 1
ZHAEJZHT . Sephacryl S-200 BERS LI ZE T, M
BN H L PR 4l ALP, SR alifb 50T ik
5734, AL — R ARG, R B alifh
ALP, [LI% 120 180.27 U/mg, 4lifb kil 48.37,
BTG [ SR 17.05% o ASHIFFE 7 SEIARAE FPofs LAE
aifb R R AR AL R IR, SR LS R VR T
JE Ry EARSlAL, AR T RSB, (HTERR
VEIEFR TR B A R A%, AR R S i
WESEE, RO T8 it sy, B —5 5
B0k, Ak fBEZS SDS-PAGE HiL TGl Ay 2
— 26, AR ST R 46.7 kD, & 2255400
MEEE T E rhalifb i ALP 5> T8 K/Nh 45 kD,
AR SO al R —3, AT R sh Y
B P i FL s b ALPU S IR i 1 5 52
R XT H, A ALP (194 T2 KT sh# b ALP
073 R TT N

AP RIS R B, R
() ALP TERG =R BA GRS 5 AU 45 2R
FH, ALP ELEIRE N 37 °C, 7EGR TRuEtE
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. BEERET R, EEAAXTE SRR, b
pH {H>M 9.5, 7E pH {2} 9.0-10.0 ZIAJI}, FFAYAH
X JIATIE 90%LA b, I PR AT e il AR A
R B AT R ) S A 3 S I A 5 R BB AL, S5
ARG, G SIRYRZERe ), ek
TLIhEED, ALP N4 )@, 488 T4t
ARG A HHYIER, ALBMEN Mg
K ALP A5 B BGEMER, Ba® I Cu™ ek
FEMSXS ALP A HEIEVER, MMk 3 mmol/L i
AMFIVER, A Ca® . Zn® H1 EDTA %} ALP ¥947
SEEUAHIEIVER, X5 Chu ZPYF5e4s AR, It
Gb, FEREHE OB RRT, K, (A1 B AE T
i, [HA/NTERTERA O, K (B8N, Y5
SEAU IR, LIRS p-NPP MR8, M5
i) Ko {4 3.42 mmol/L, Vi fE-M 1.24 mmol/(L-min),
VLAY ALP AR EISE R F1 .

5 &g

it TT AR A AR AR P A N 5 A B
31, MERH R TERG AL E I N 27 A
S N2y R G A o v 0 O S — 7 e
PERRER A FLAT IR, 2B E LS Ry A i
FE R BRAREFUATIE, RS /73K 2.35 U/mL. @
PR UTIE . DEAE-52 BT3¢t /ZH7 . Sephadex
G-200 BERCRIUEZMT, M LSS Bsaift ALP, b
157170 180.27 U/mg, Zlifbf54h 48.37, WG Ml
KK 17.05%, SDS-PAGE LKAy B— 25,
AR TR 46.7 kKD, %A FOE L
37 °C, i pH K 9.5, ZEARI I T A1 pH 9.0-10.0
IR E N . Mg® R K% ALP 45 B & VR
Ba™ I Cu™ 7EARVEEE %) ALP A a&VE, sk
EEIIHIVER, Ca™ . Zn™ 1 EDTA Xf ALP A 551
MHIVER, DUARMEEZR) p-NPP Jicy, IS
K fE4 3.42 mmol/L, Vi {4 1.24 mmol/(L-min).
ARSI A5 IR N 5 [ R T 45 b 25 AR TR Y T & A
PR TR ME I RRIR [ R A JE B i R
) Tl AR A P4 T OIS AT A 7 AR

REFERENCES

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

Liu Y, Tan YF, Li H. Screening, cloning and enzymatic
characterization of phosphohydrolase from soil[J]. Journal of
Henan Agricultural Sciences, 2014, 43(3): 70-74 (in Chinese)
XL, BEARUE, A, IERERRTEA AL K AT L . sekE
2B [T]. TR AL A%, 2014, 43(3): 70-74
Simopoulos TT, Jencks WP. Alkaline phosphatase is an almost
perfect enzyme[J]. Biochemistry, 1994, 33(34): 10375-10380
Moss AK, Hamarneh SR, Mohamed MMR, et al. Intestinal
alkaline phosphatase inhibits the proinflammatory nucleotide
uridine diphosphate[J]. American Journal of Physiology-
Gastrointestinal and Liver Physiology, 2013, 304(6): G597-G604
Mukaiyama K, Kamimura M, Uchiyama S, et al. Elevation
of serum alkaline phosphatase (ALP) level in postmenopausal
women is caused by high bone turnover[J]. Aging Clinical and
Experimental Research, 2015, 27(4): 413-418

Ooi K, Shiraki K, Morishita Y, et al. High-molecular
intestinal alkaline phosphatase in chronic liver diseases[J].
Journal of Clinical Laboratory Analysis, 2007, 21(3): 133-139
Sardiwal S, Magnusson P, Goldsmith DJA, et al. Bone
alkaline phosphatase in CKD-mineral bone disorder[J].
American Journal of Kidney Diseases, 2013, 62(4): 810-822
Shi Y, Yang M, Liu L, et al. GTP as a peroxidase-mimic to
mediate enzymatic cascade reaction for alkaline phosphatase
detection and alkaline phosphatase-linked immunoassay[J].
Sensors and Actuators B: Chemical, 2018, 275: 43-49

Ma CB. Highly sensitive detection of alkaline phosphatase using
molecular beacon probes based on enzymatic polymerization[J].
Molecular and Cellular Probes, 2012, 26(3): 113-115

Ram B, Fartyal D, Sheri V, et al. Characterization of phoA, a
bacterial alkaline phosphatase for phi use efficiency in rice
plant[J]. Frontiers in Plant Science, 2019, 10: 37

Zhang H. Evaluation and application of methods in detecting
the activity of alkaline phosphatase and lactoperoxidase in
dairy products[D]. Lanzhou: Master’s Thesis of Lanzhou
University, 2019 (in Chinese)

TSR SR PR R AN ZLI S AR PAGHT
PERPEAIFRAD). 25 M: MR-, 2019
Kim EE, Wyckoff HW. Reaction mechanism of alkaline
phosphatase based on crystal structures. Two-metal ion
catalysis[J]. Journal of Molecular Biology, 1994, 218(2): 449-464
Gao MC, Li XM, Zhang RX, et al. Study on prokaryotic
expression, purification and enzymatic activity of alkaline
phosphatase from Escherichia coli ATCC 25922[J]. Journal of
Northeast Agricultural University, 2010, 41(8): 48-53 (in Chinese)
m R, 2EW, KIEGE, & RIBFREEHK ATCC
2592 WAERRFRNHI U A3k SUH RO ERIR . 4
bl K2z 244, 2010, 41(8): 48-53

Chen JB, Liu WC. Isolation and characterization of alkaline
phosphatase from liver of muscovite duck[J]. Fujian Journal
of Animal Husbandry and Veterinary Medicine, 2013, 35(3):
15-17 (in Chinese)

R, XIS R0 Il R I 1) 208 B B S o

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Bl s IR A LA R AT M E | BRIl SRR

1827

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

(24]

W] MR EHCEEE, 2013, 35(3): 15-17

Ma JH, Xue FL, Wang YF, et al. Purification and some
characterization of phosphatase from grass carp
(Ctenopharyngodon idellus)[J]. Fisheries Science, 2014,
33(8): 498-502 (in Chinese)

R, mERk, E—W, A RO TR R AR 2>
il RAERRIDIFET]. KR, 2014, 33(8): 498-502
Sui JQ. Purification and characterization of alkaline
phosphatase from Ruditapes philippinarum[D]. Qingdao:
Master’s Thesis of Ocean University of China, 2012 (in Chinese)
Bl JE T A A A 1 A 1) 13 8 A A B T
FXD]. H & EEE R LA A8, 2012

Wu CJ, Dai CW, Li S, et al. Isolation and identification of a
bacteriocin-producing lactic acid bacterium from Anhui local
pickled vegetable[J]. China Food Additives, 2019, 30(7):
112-120 (in Chinese)

RER, Wk, 5%, & —REBAHIESR - A =5
PRI S HE]. PEE SRR, 2019, 30(7): 112-120
Ghosh T, Beniwal A, Semwal A, et al. Mechanistic insights
into probiotic properties of lactic acid bacteria associated
with ethnic fermented dairy products[J]. Frontiers in
Microbiology, 2019, 10: 502

Liu L, Li PL. Complete genome sequence of Lactobacillus
paraplantarum L-ZS9, a probiotic starter producing class II
bacteriocins[J]. Journal of Biotechnology, 2016, 222: 15-16
Widyastuti Y, Rohmatussolihat, Febrisiantosa A. The role of
lactic acid bacteria in milk fermentation[J]. Food and
Nutrition Sciences, 2014, 5(4): 42817

Zhou XW. A
organophosphorus pesticides in some fermented foods[D].
Harbin: Master’s Thesis of Northeast Agricultural University,
2014 (in Chinese)

JER A, S it A AL AR 24 B Tl A 1 e AV T R
FE[D]. W/REE: ZRALRN KA~ A8 3L, 2014
Bradford MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the

study on microbial degradation of

principle of protein-dye binding[J]. Analytical Biochemistry,
1976, 72(1/2): 248-254

Dong XZ, Cai MY. Mannual of Determinate Bacteriology[M].
Beijing: Science Press, 2001: 370-410 (in Chinese)

RFELR, W5, # WAHHRGLEE TIM]. dtat: Bl
HRR#E, 2001: 370-410

Buchanan RE, Gibbons NE. Bergey’s
Determinative Bacteriology[M]. Institute of Microbiology,
Chinese Academy of Sciences, trans. 8th ed. Beijing: Science
Press, 1984: 797-823 (in Chinese)

3R RE, &AM NE. (AZRANRSEE TIM]. SRR
AR, 35 8 ML dbnt: BRAHARE, 1984: 797-823
Tamura K, Peterson D, Peterson N, et al. MEGAS5: molecular
evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods[J].

Manual of

Tel: 010-64807511; E-mail

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Molecular Biology and Evolution, 2011, 28(10): 2731-2739
Wang Z. Microbial degradation of organophosphorus
pesticides in fermented foods[D]. Wuhan: Master’s Thesis of
Hubei University of Technology, 2017 (in Chinese)

FHL AR AU 2 BUE YRR B 5T [D]. 2
B WAL Tk REEAR 2483, 2017

Gao JQ, Huang JY, Zhang JQ, et al. Isolation and
identification of a high-yield Alkaline phosphatase strain and

its optimization of medium formula[J]. Science and Technology
of Food Industry, 2018, 39(12): 124-131 (in Chinese)

mRY, WRIG, R, 5. —bken ik R Rk
973 B MR IE DT AR 0], i Tk BH, 2018,
39(12): 124-131

Zhou C, Song CL, Huang DZ, et al.
characterization of organic phosphorus-mineralizing bacteria

Isolation and

in sediment of a Chinese large shallow eutrophic lake (Lake
Taihu)[J]. Geomicrobiology Journal, 2011, 28(8): 660-666
Asencio AD, Morte A, Garcia-Carmona F, et al. Partial
purification and characterization of a calcium-dependent
alkaline phosphatase from the cyanobacterium Arthrospira
platensig[J]. Journal of Phycology, 2012, 48(2): 347-354

Li HW, Wang KP, Wu Y, et al. Purification and properties of
alkaline phosphatase from pig muscle tissue[J]. Journal of
Hefei University of Technology (Natural Science), 2016,
39(4): 560-565 (in Chinese)

LTI, FIFE, SR, S5 RVLP AL R R
4ifb RAREBIIE ). AIE Talk K224l ASRBHE IR,
2016, 39(4): 560-565

Shu YF, Ma XH, Du SY, et al. Isolation, identification of a
alkaline phosphatase-producing Archaea[J]. Journal of Anhui
Agricultural Sciences, 2015, 43(12): 6-9 (in Chinese)
EPEETS, H/ME, MR, % BT BERR I R
Yoo ML), BRI R, 2015, 43(12): 6-9
Homaei A. Purification and biochemical properties of highly
efficient alkaline phosphatase from Fenneropenaeus
merguiensis brain[J]. Journal of Molecular Catalysis B:
Enzymatic, 2015, 118: 16-22

Da Silva G, Ramos LFC, dos Santos Seckler H, et al.
Biochemical characterization of digestive membrane-
associated alkaline phosphatase from the velvet bean
caterpillar Anticarsia gemmatalis[J]. Archives of Insect
Biochemistry and Physiology, 2019, 102(1): 21591

Han W, Xu XQ, Ye XY, et al
characterization of the alginate lyase isolated from marine[J].

Purification and

Journal of Fuzhou University (Natural Science Edition),
2018, 46(1): 136-142 (in Chinese)

Wi, UrEER, MR, S IR IR B 2R I A B
afifl S WA PE BT S (0], AR 2224 B ARBLA R,
2018, 46(1): 136-142

Chu YH, Yu XX, Jin X, et al
characterization of alkaline phosphatase from lactic acid
bacteria[J]. RSC Advances, 2019, 9(1): 354-360

Purification and

: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



