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# E: BERBA Staphylococcus hominis R 6 N- LAY 22 R B2 5L 685 2 B shnal (GenBank Accession No.
EFS20452.1) #132 %£ pET-28a At EXMATE 32 A%, BL B 9 Z GG fBeFHRATLIN,
ShNAL & —Aw R4k, Z g7 @ 69 RER K pH H 8.0; &7 w69 RER K pH 4 7.5, RERLREH 45 C.
A 45 CTFME 2h &t SANAL #97% AR AR L Hm, & T 45 Cot, & Hillig T, %884 pH 5.0~10.0 49 3R+
PeERAEE, 4 CTAE 24 h BEey 584 E A4 70% vA £, ShNAL 3t N-ZBbAY 2 28 (NeuSAc). N-ZBLH &A%
fe (Man) A= R BB (Pyr) %) K,f8 5 % & (4.0£0.2) mmol/L.(131.7+12.1) mmol/L #= (35.1+3.2) mmol/L, ke/Kpn
184~ #1 4 1.9 L/(mmol-s). 0.08 L/(mmol-s) #= 0.08 L/(mmol-s).
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Abstract:

expressed in Escherichia coli BL21 (DE3) host cells. The recombinant enzyme was purified and characterized. It is a

A N-acetylneuraminate lyase gene (shnal) from Staphylococcus hominis was cloned into pET-28a and

homotetrameric enzyme with the optimum pH at 8.0 for the cleavage direction and the optimum pH and temperature were
7.5 and 45 °C for the synthetic direction. The activity of ShNAL is stable when incubated at 45 °C for 2 h but decreased
rapidly over 50 °C. ShNAL showed high stability in a wide range pH from 5.0 to 10.0 with the residual activity being >70%
when the enzyme was incubated in different buffers at 4 °C for 24 h. Its K, towards N-acetylneuraminic acid, pyruvate and
ManNAc were (4.0£0.2) mmol/L, (35.1£3.2) mmol/L and (131.7£12.1) mmol/L, respectively. The k.,/K, value of Neu5Ac,

ManNAc, and Pyr for SANAL were 1.9 L/(mmol-s), 0.08 L/(mmol‘s) and 0.08 L/(mmol-s), respectively.
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Fig. 1

pyruvate (Pyr) catalyzed by N-acetylneuraminate lyase (NAL
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Enzymatic synthesis of N-acetylneuraminic acid (NeuSAc) from N-acetyl-D-mannosamine (ManNAc) and
)[8]'

(CWBIO); I T8 FHL Ik iR 7] J2 N-C iR 48 24
FRAIFLIR I S (LDH) 1 [ Sigma A +Hl; %5
Hrs2 i R250 W H R KEE A (Solarbio); PR 1
WY Nde 1 F1 Xho 1 LIS T4 DNA % 32 B4 1
H NEB Al HAG34 o A alisl ek ali,
1.2 FHHHH

AR T 5 43 8 i BioEdit 4K 4
(CLUSTAL-W) 5gJi,, X5 A B M: ) A Tl
W38 a5 Wk #E 4T (http://us.expasy.org/admin/

users/login).

1.3 ITEEMEE

BRI BRI . WY, 4 . HeAk . BECHIK
SRR 5 3R R 5 S IR R4 IR (- e B 5
Erdemg ) PURE T, DNA 5 [EIScHz FR i [T st )
& (Tiangen 2~ H]) Ui T, HEEK shnal
¥ E pET-28a Jiki A Nde 1 Al Xho 1 WilEVINL
HZE, #4L=E E. coli BL21 (DE3) 15 EHH .

14 BEMERNRERGWK

B TR FEA 800 mL LB 15t (A&
50 mg/L B RIAREEZR) H, 37 'C. 200 r/min 557
2 ODgoo N 0.8 I, USINZHREE A 1 mmol/L 1
SN B-D-BACERLEEH (PTG) 5T Kb
4~6h, B 6 000 r/min Z5.0> 10 min, A4:HEE/K



At FERRTHEREN N-ZBRaEaRRSBHERRERER

VR 2 0, —20 CLRAF,

¥ AN S % 100 mL & 5% H ol
500 mmol/L  NaCl (¥ Tris-sHCl 2% b &
(20 mmol/L, pH 8.0) H, il id i AT B e,
12 000 r/min. 4 ‘C#.(> 30 min, I&?%%H@ﬁfpﬁ
FVEH 0.45 pm @Y UE I IR 8 a2 1 Ak
(Purifier 10, GE A H]) E%YMTFH%%*JI_%{k (H
#HE H GE Health Care), 3 mL/min Jii# F#E, A
% 50 mmol/L BKM% 500 mmol/L NaCl f#9 Tris-HCI
Zoh (20 mmol/L, pH 8.0) VEMiZe&E M, &
0~250 mmol/L kM . 500 mmol/L NaCl# Tris-HCI
W (20 mmol/L, pH 8.0) £yt H W&
Ho WESIFHER, S@biFhkdis, &40
#, —80 CIRAF . BCA i) @474 P sty B

. AR IMYE A BSA YENFRER

ShNAL 7E# i H A 3R SRR AS 3 e B 2=
VA M SDS-PAGE K#EATHiE . FrHIZNTAE N
Superdex 200 10/300 GL, Gel filtration calibration
kit (GE) H T HrifEsr o . WA &
150 mmol/L NaCl f 20 mmol/L g 2% vh i
(pH 7.2), W# A 0.4 mL/min, EHKS>TREK
/I 3k RS HE AR A O B AR BUbR o it R AT L
WIS P, b5 MEHE A Ovalbumin
(43.0 kDa), Conalbumin (75.0 kDa), Conalbumin
(158.0 kDa), Ferritin (440.0 kDa), Thyroglobulin
(669.0 kDa),
1.5 SEMEEINE
151 ZRET5

S P J7 n] 19 755 M 38 1 AR Y (Spectra Max
M2/M2e, Molecular Devices 2y ) M5, HEH
J2 1 N- ST fl 28 2 R 224 A A 1l 1) P TR R E 7

NADH FIL 2 It S0 WA E 09 45 18 T 908 S L
i, i FrPIN#E T NADH, 51 340 nm KT
Xt NADH HYWEGIE B9 T 222, —AEE )
PEsE LK 7E pH7.0.37 'CF, 1 min 4% 1 pmol
i) NeuSAc A= A 1 umol Y N-Z Fit-D-H Z&HE i Al
PR R 2 5 Tl ) i o SR R A4S 10 mmol/L
NeuSAc. 0.25 mmol/L NADH, 1 U/mL LDH,
0.85pg ShNAL, Jz b 7E% i T AR pH Y
100 mmol/L 2% il kAT o
1.52 A m

B BT 1) 3
A AUIMA ManNAc,
I NeuSAc A B E 1 1 K/
BNECH: fEpH 7.0, 37°CF, B
1 pmol NeuSAc Frifs ZrYMime . SV IA RIS
30 mmol/L ManNAc, 100 mmol/L Pyr I 10 ug F
fit, 7F 100 mmol/L M2 ik H 47 30 min, ¥
J 10 pL ¥ HoSO4 28 1E RV -

1.6 BRRYMERS

B RV T ) i dl R pHL e R AE
100 mmol/L [/R[R] pH (E S il h A THY , 27
AR R BE G R -BE TR AN 2% v (pH 4.0~6.0),
MR Eh 2% vl (pH 6.0~8.0), Tris-HCl 2% il
(pH 8.0~9.0), BRFRERZE P (pH 9.0~11.0), %4
fif% 7 I £ S5 3k B S 3, A B T 1 S ik
FEHIFE 37 °C | pH 7.5 A ] B B adE S v r“
AR 58 K S 20 "C~65 C B85 itk
BN, W = e, T MW%EL%L

ik HPLC Mz, HJFER
Pyr FIfi§, i@k HPLC £
— NG

1 min

1.7 BRI EMMRMANFZSENE
i J3E it 52 P I K AR RS pH 7.0 Y

100 mmol/L f)ZE thik 7,4 ‘C~60 CHRE 0.5~2 h,
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For i 246 75 n) B R BE TG o pHL T AZ PRI E R
i B 5] pH 4.0~11.0 WZE R, 4 CHE
24 h, W0 ST 1) R RE TG

TEXT NeuSAc a2 E b, ME 1T A
NeuSAc #BE T G TE, [NTE pH 8.0 22 ik
kAT EA T, RVAE pH 7.5 B hiR
HifEAT, MIE ShNAL XN EIRR Y Ky (N, DR
N-Z W H @8 E I 1 B2 30 mmol/L, il 5 A [A]
Pyr WREE TSRS J7; M N-Z Wk H 250 R iy
Ko (BB, PIERRRHEEE (50 mmol/L) AAE, il
FE N-C e H E8 B A A1 BT A Bl
1.8 HPLC #i&H

Agilent 22 F] 1100 %45 53254 : BioRad /A H]
A P RS ) Aminex HPX-87H ¥ 43 #71 4%
(300 mmx7.8 mm, 9 pm), WshAl: 5 mmol/L
H,S0,, Jii# 0.4 mL/min, £ 40 'C, 7 FiR4k
RN, NeuSAc., Pyr Fll ManNAc 914 54 B} [a]
A A& 11.9 min, 14.2 min A1 16.2 min.

ShNAL 1
LpNAL 1
CpNAL 1
TINAL 1
HiNAL 1
EcNAL 1

HiNAL 7
EcNAL 76 M

ShNAL 176
LpNAL 174
CpNAL 172

EcNAL 275 p\nxupzx_ AMiqqLugERG

E 2 ShNAL 52 %#) N-CEt#%
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1.9 SRS BIEE

20 mL £ Tris-HC1 (100 mmol/L, pH 8.0) %%
O R R AR & B i A 300 mmol/L Pyr .
100 mmol/L ManNAc. 4.5 g {FA&, 7£37 C.
200 r/min £57F F W 20 h, 3@ B OER S HIA,
100 CHFARR LB ALAE RN . O 1A

i HPLC #:ll ManNAc FOU/0 815, Fed) i
B TR (201x7) 437kl

2 ZR

2.1 FEBFIINH

FRIET Staphylococcus hominis 5 HA
JERVRH) N-Z B 2R G MR RR )T 5
) ttis*c (IE 2), &¥ ShNAL 5 A N-Z 7k

feth 2 H R MG, SKIET Haemophilus

inﬂuenza[ml . Clostridium perfringens[ls] N

Trichomonas  vaginalis!' #1  Lactobacillus

plantarum'" ) (GenBank Accession No.4% 9l &

ZRRAREHBFIIR L ER
Fig. 2 Multiple sequence alignment for SANAL and related N-acetylneuraminate lyases.



At FERRTHEREN N-ZBRaEaRRSBHERRERER

P44539.1 , Q9S4K9.2 , AAB42182.1 i
NP_786769.1) Hy[FUEM:/3 510 58% . 56% .
53%H 50%, 15KIET Escherichia coli'™!
(Accession No. AAC76257.1) MRITEMERA 30%.
ShNAL #45 NAL G 1E PEA ) B 5%
3 (| 2), A5 K165, Y137 (f{4s ShNAL &
B RS Y, TE) A, PR5FIY GxxGE JiK
WG — PGS AHESE (5 47~51 DNEFER) LK
D191, E192 i1 S208%*) GxxGE J& o-HifRH)
RILGEANE, xx WHE S/T, i SINAL Hix
WD IERR O 5 (48, 49 i) 2 S/S, XM
SLINEIER S Y137 Ak T3S 58 BN
FRESEM %%, D191, E192 il S208 J&JEE Ml 45
G PRSFIRIRSMO A S B RE S,

2.2 EAEBEHIAL
T o R A SR RN R A — 2P A A A B L UK A
HEE R (K3 R D aifb BoR h 88.5%,
AR T 5.6 %, TEpH 7.0, 37 CHILMET,
2T IS IR E] T 24.8 U/mg (3R 1), 7
pH 7.5, 37 CHISRMT, A U5 0] (4 LI &
3.1 Umg. HIBCEEIEEHTNE ShNAL A6 & 53
FHh 125 kDa, HHASrFi54 33.8 kDa, B
PEIZ R AE 7 P DL O R AR 2077
2.3 MEEEYEIERLE pH FURE
S35 0] B $5e3dE ) N pH 2 8.0, /5T pH 8.0

%1 ShNAL ER4ikE

ARG PR N R, 24 pH JHE 9.0 RHEET
R 2 ST 17.5% (K] 4). A B 0] B Rl )
N pH J2& 7.5, FHi pH XTEERTE MR A K, 7F
pH 9.0 MYBKTR EEZ2 i iz AT 9K BE DR 3 B =i
I 95% L | (&l 5). Xt SANAL & Wy
[ (1) fe il W IR BE R R B, #E 20 'C~45 CZ
], BERE TS 6 A =, 45 CRY IR
BRI S, SR 50 C RS HE T R
(] 6)o REE X 24 T [va) BRI 52 Ml ) 0F 5 3

kDa 1 2 3 4

80—
60— “
- 4
40— ‘
e
30—
20— =

12—

3 SDS-PAGE 74T ShNAL R9Zi{L

Fig. 3 SDS-PAGE analysis of the purified ShNAL. 1:
protein marker; 2:cell-free extract without induction 3:
crude cell-free extract; 4: purified ShNAL.

Table 1 Purification of ShNAL
Purification step Total activity (U) Specific activity (U/mg) Purification factor Yield (%)
Crude cell-free extract 957.7 4.4 1.0 100.0
His-trap affinity 848.4 24.8 5.6 88.5

chromatography
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12 | —= Acetic acid buffer
—— Phosphate buffer
10 + —* Tris-HCI buffer

Specific activity (U/mg)

o \S] L [o)} [ee)
T

35404550556.06.57.07.580859.09.5
pH

4 pH X ZET EEE RS0

Fig. 4 Effect of pH on ShNAL activity for the cleavage
direction. Acetic acid buffer (pH 4.0 to 6.0), phosphate
buffer (pH 6.0 to 8.0) and Tris-HCI buffer (pH 8.0 to
9.0) were used.

| /VN\

o
£
2
2 20 —=— Acetic acid buffer
Z —— Phosphate buffer
s L5r —— Tris-HCI buffer
= —¥— Carbonate buffer
(&) -
:.; 1.0

05r

354.04550556.06.57.07.58.08.59.09.510.010.5
pH

B 5 pHX&M7A EEEEF I

Fig. 5 Effect of pH on ShNAL activity for the synthetic
direction. Acetate buffer (pH 4.0 to 6.0), phosphate
buffer (pH 6.0 to 8.0), Tris-HCI buffer (pH 8.0 to 9.0)
and carbonate buffer (9.0 to 10.0) were used.

CEOR R ), B 65 “CH, T4 T 7 HB i E
T AW .
2.4 [RRUTEEM

108 1 900 2 A S N7 G AR AL R F5Y ShNAL
Xt pH (T 520k, 4550 &, ShNAL A] AR 324
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i) pH JulE, et pH EVEHENEEE, 76
pH 5.0~10.0 Y& ShNAL AY%% B8 I6 M RE 1R 45
70%LA I, {H pH 4.0 (Y3 BRI A pH 11.0 (15
PRI A REMERERTE (8] 7).

T S R S P X ShNAL Fy#4
FaEVEEAT THFSE, RIL ShNAL HA BRI

g
wow s
o (93] [« [V
T T T

g
o W
T

Specific activity (U/m;

[
(9]
T

20 30 40 50 60 70
Temperature (°C)

—_
o

6 REXEHRNMEEEMLRIE
Fig. 6 Effect of temperature on ShNAL activity for
synthetic reaction.
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2 60 |
=
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= —— Tris-HCI buffer
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7 pH BT SZ N E

Fig. 7 pH stability of ShNAL. Acetate buffer (pH 5.0
to 6.0), phosphate buffer (pH 6.0 to 8.0), Tris-HCI buffer
(pH 8.0 to 9.0) and carbonate buffer (pH9.0 to 11.0)
were used.
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TN, fE4 C~45 CHREKHE 0.5~2 h ¥IILik
PR, £E 30 'CRIRE 210 h, ShNAL [ifE
WA TR, LR 30 CHRREMERLF, Y
IR TEE] 50 CH, B ] HE R T6 AN T T R
50 “Cifiti# 0.5 h IEHEAHIL —2F (& 8).
2.5 HOFSHBNE

I & BB AN 7 1) i B 17 S8, 3
fi# J7 1) ) NeuSAc Y K H} (4.0£0.2) mmol/L,
AR M) ManNAc 1 Pyr B9 K, {43510
(131.7+12.1) mmol/L I (35.1+3.2) mmol/L .
NeuSAc. Pyr fil ManNAc 09 kea/Ki 1H 535N
1.9 L/(mmol's).0.08 L/(mmol-s)F1 0.08 (L/mmol-s),
NeuSAc. Pyr B Ky, (65 HFiHRIE BRI T HAlh
PR R I N- & T pi 28 20 IR 24 45 Wl AH 22 8 K
ManNAc 1 K, {8 Lt I Ath ke U5 0% i #5 2 / .
ShNAL 5 Z HIfilf 53l J1 22 MG S R s L 2
2, ShNAL HZf# 7 [l I HEALRER e/ Ko HLELHI
FAH GG, 115 0T 1) RO AE AL AR hcad Kin 5

EATMY, ATREEA M TS MU T

2.6 BRI BEMEE
it HPLC K e b %tk %k 91.5%,

NeuSAc =Rk F T 89.4% (K 9), WKL

140 |
120 |
100
80 f
60
40

Relative activity (%)

20 |

0 1 1 1 1 1 1
10 20 30 40 50 60

Temperature (°C)

8 REMZMHR

Fig. 8 Thermal stability of ShNAL. Enzyme was
incubated at certain temperature and maintain for three
different times. Activity of enzyme stored in 4 °C was
set as 100% relative activity.

%2 ShNAL 52 §iiRE AR ERIRNOEEH 3 1 F S KL

Table 2 Kinetic parameters of recombinant ShNAL and other previously described

Enzymes Activities Substrates K., (mmol/L) kea Kiy (L/(mmol-s))
Cleavage NeuSAc 1.8+0.1 5.60
LpNAL ManNAc 160.0£5.0 0.03
Neu5Ac synthesis
Pyruvate 19.9+0.3 0.11
Cleavage NeuSAc 2.540.3 4.00
EcNAL ManNAc 180.0+10.0 0.05
Neu5Ac synthesis
Pyruvate 22.0£1.0 0.08
Cleavage NeuSAc 4.940.7 3.00
PmNAL ManNAc 220.0+30.0 0.05
Neu5Ac synthesis
Pyruvate 23.0£1.0 0.08
Cleavage NeuSAc 4.0+0.2 1.90
ShNAL ManNAc 131.7£12.1 0.08
Neu5Ac synthesis
Pyruvate 35.1+£3.2 0.08
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NeuSAC standard sample

Reaction sample

A mAU 12.120 B mAU 14.170
400 £ 800
350 F 700
300 F 650
250 £ 500
200 £ 400
i
50 B %88 16.438
0 = 1 1 1 1 1 1 1 1 1 1 0 I I I I 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 0O 2 4 6 8 10 12 14 16 18
¢ (min) 7 (min)
Mixture
C mAU 12.138

200 14.178

700

650

500

400

i

100 16.464

0 L 1 I 1 1 1 1 I 1
0 2 4 o 10 12 14 16 18

¢t (min)

B9 NeuSAc ) HPLC EiZ (A: NeuAc #r/##£5: B: ShNAL #{LBIRE: C: NeuAc #r#EFR M IATREY))
Fig. 9 HPLC fingerprint spectrum of Neu5Ac. (A) NeuAc standard sample. (B) Reaction system. (C) Mixture of

Neu5Ac standard sample and the reactant.

AL A 0~0.2 mol/L HI PR M AR A o 8 2 i e
ZEMRER W IRAUK , 153 T 4B m ™). i
TR 25 R . MS (ES) 115(H C11HoNOg (M-H)
308.10, SEE{H 307.82,
3 ik

Har, EWNEEA R Eaiibr) N-2 8
P2 F IR A B A A NeuSAc 19 Tk Ak A= 7= id
iE, PR NeusAc TolbfbA N RIRZ, 4k
FAEE ManNAc JEH B Btoh, WEAilE (A%
fitF) AOTEPEARAF R A R . A A
FRAS A BE A I S AL B AR T BT Y N-Z ok
EIBERE AL, ManNAc, 7R TG N-L B
P2 Z IR A G AL T kA B NeuSAc,

A ST B TIFRIK TR A Staphylococcus
hominis P TE N- £ BE P 28 2 R 24 A il 5 N
shnal, WF5¢ 1 AiAGEE BBV BT 3 )22 24
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5 HABIR A NAL A E, SANAL X ManNAc [
K 5/, kel K fHM 0.08 L/(mmol-s), T2
RT3 #Y 0.05 L/(mmol-s)i K {H; 7E pH 9.0
(AT, ShNAL #EG W7 A e IR 8 & iR
B ciE pH N6 100 95% , T 41 7 1) (375 1
il pH RN 17.5%, wisit: S5 4] T
PIE . GE DL B, ShNAL 7EG MUY
B —E BOE, B R f AT P Tt —
A, LA R Tl A 2K,
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