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Abstract: L-asparaginase, a key enzyme in amino acid metabolism, is widely used in the food
and pharmaceutical industries. The gut microbiota and its product L-asparaginase are closely
associated with host health and diseases. [Objective] This study aims to acquire a novel
L-asparaginase gene from gut microbiota and explore its enzymatic characteristics and potential
applications. [Methods] An L-asparaginase gene was cloned from the metagenome of the fecal
microbiota of Nomascus concolor and heterologously expressed in Escherichia coli
BL21(DE3). The enzymatic properties of the expressed protein were determined. Furthermore,
the potential applications of this protein were explored, including processing potato chips and
treating cancer cells. [Results] The cloned L-asparaginase gene, NCasn5, was 996 bp. It
encoded the recombinant enzyme NCasn5 with a molecular weight of 37.296 kDa, optimal
activity at pH 8.0 and 60 °C, K, of (3.33+0.21) mmol/L, Vya.x of (836.30£13.91) umol/(min-mg),
and a serum half-life of about 69 h in vitro at 37 °C. NCasn5 reduced the acrylamide content in
potato chips by 69.35% and inhibited the growth of human liver cancer cells (QGY-7703) and
human melanoma cells (A-375). [Conclusion] We obtained a novel L-asparaginase
demonstrating good thermal stability and a prolonged serum half-life. This enzyme lacks the
glutaminase activity and reduces acrylamide levels in potato chips. Moreover, it can induce
apoptosis in the cancer cell lines QGY-7703 and A-375. These findings suggest the potential
applicability of L-asparaginase in both food processing and pharmaceutical industries.
Keywords: L-asparaginase; metagenome of fecal microbiota; acrylamide mitigation; antitumor
activity
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ZEAFT I (Bacillus licheniformis) I % L-ASNase HE
W A BE h R 58.39% MY TN A M ik o R
L-ASNase IT (JFAFNEEHE = BEXTFR, ZRABIERE,
oW IRE s R A Rk, T
XY L-Asn BEAUI &, AT RN T
=245, ST KA (Escherichia coli) Al
5% 4¢3 57, [C T# (Dickeya chrysanthemi) L-ASNase
# K B2 15(0.010-0.012 mmol/L), B4 TIAIT
I 40 i s Y T 4 Rk DU G 74T (Cobetia
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P . . BERmEpmt, ok,
L-ASNase iR BEFFMIRE fb ' L-Asn (Y5 &, Wi
WTEBEUR YN R W A= i, B T . 4%
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HI L-ASNase TH I 1) F LR EALHE -4 24 Wi
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fJ L-ASNase!*!; Actinomycete LA-29 [#J L-ASNase
REA &R R o an i AP0 esh,
EHEREARIRA L-ASNase 515 FAdFR R EY),
filan, Z AT 1H (Bacteroides thetaiotaomicron)
Mush3El = & ASNase, SZMATE EAIMIMIAEDIA
ST AR AR W R P 5 = [
I (Akkermansia muciniphila) ¢ 7F i i [w) i i iz
i L-Asp (7K, AT S i AR R Aol
PR, & BJF 55 5E W 18 A 9 ok U5 1Y
L-ASNase, X 1738 [# #F 55 18 32 1d 5 FIB0E OC &R
PR A B E S5 S, [ S il TS 2490
BB L-ASNase HYFF A TRALE S LN GEUR . i
Wi AN S Re T R R B, 1Y B OE K R
(Nomascus concolor)FE i AR i & i A= 1) A il
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1.1 H&. HEHEMAAR

PR ERKERIEME LKA DNA M
PEASY-E2 RIKIEA LI ZE /AT QGY-7703
(NG R A-375 (BB AR A1)
W e R e 4 A
1.2 FEZRXH

Tl L-ASNase (Acrylaway™)Il [ Novozymes
Investment Co Ltd.; JIEY) . Nessler i 7] Fll =&
LR A FE IR R A R\ 5 iR 2R 1
B H PR E Y R 2 RHA TR A W 5 C18
FE B R L ve & A W R A IR W] 5 PCR 5l

x1 EERESY

Y& B A T AR TAR () e A FR A W
SE o
1.3 F35Hh

TG PRI  A FEE A A E DR 2 S
Hh i 3 & A 58 88 7 51 1) L-ASNase 3£ H NCasn5.,
fi FH ExPASy-ProtParam (https://web.expasy.org/
protparam/) 7l Wl £ [ i B AL ¥k T ; BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) I %% % F&
B2 P SIARITE s MEGA 6.0 M RG Ak B ikk
Ff 3 ClustalW (https://www.genome.jp/tools-bin/
clustalw) #1712 751 XT EE .
14 XREEEREERNTE

VY PR B SRS A W) R Bk 2 DNA
Kl QIAamp DNA Stool Mini Kit (QIAGEN 72
FDFEEC, IF A Rk 14 5 AR NCasns,
IR 1 Fios .

NCasn5 (1) PCR JZ W& 5 : DNA #iff 5 uL,
Ex Taq (5 U/uL) 0.5 uL, NCasn5-F (10 umol/L)
1.5 uL, NCasn5-R (10 pmol/L) 1.5 uL, dNTPs
(2.5 mmol/L) 4 pL, 10xEx Taq Buffer 5 pL,
ddH,0 % 50 pL. PCR FZJ% %A : 95 °CHizs
P£ 5 min; 94 °CZE1E 30's, 60 °CiR K 30's, 72 °C
FEAF 1 min, 30 PMEH; 72 °CZALEMH 10 min; 4 °C
TRAF o
1.5 #iAMEREHEERYIRIE

PCR 7= 5 pEASY-E2 #ifkiti 4, #bFE K
JAkFTE BL21(DE3) g B 41{& BL21(DE3)/
NCasn5, FFMFEeiE. BEALLES 100 pg/mL
ZNPUARR LB AR SR 37 °C 180 r/min

Table 1 Primers used for gene cloning

Primer name Sequences (5'—3")

NCasn5-F TAAGAAGGAGATATACATATGGAATTGATGGATAAGATACTAGTTGTTTTAACTGGAG
NCasn5-R GTGGTGGTGGTGGTGCTCGAGTAATTCCTCATAATACATTGTGTTGTTTATATC

The underlined sections represent the restriction sites for Nde I and Xho I.
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i 12 h 64k, FEJSHC 2 mL % A 200 mL [A] 4%
PR RE SR FERE IR 2 ODgoo A 0.5-0.7. AL
& 0.5 mmol/L IPTG £ 25 °C. 180 r/min T i
20 h J5, HAMA 50 mmol/L Tris-HCI1 (pH 7.5)%
%, 150 WS MY, 76 4 °C. 12 000 r/min
ZAF T #5000 10 min J5 B _1 35 4 Ni-NTA H:464k,
il 12% SDS-PAGE 43 #7 HFR & 1,
1.6 EHXZOARERFEMENE

K H Nessler 128510 2 55 20 Bl 0 B 0 B
Seiil £ 200 uL 50 mmol/L Tris-HC1 2% 1% (pH
8.0)F1 200 pL 200 mmol/L L-Asn JR& W, 37 °C
J55 5 min J5ANA 50 pL H BB (0.25 mg/mL),
2SN 10 min, FEAIA 50 pL 1.5 mol/L =&
Z. TR (trichloroacetic acid, TCA)Z Ik i, 4 °C.
12 000 r/min &.0> 10 min Ji7, WeHE 200 pL ki
W 1.2 mL SWGE/K(ddH,0)iR & il 1515 I (ke
e fJE A 100 uL Nessler j57# & 10 min 5
M5 ODyso o — MHE HAL(U)E L HTE 1 min
PAHEAL A= BY 1 pmol 22 /il
1.7 FHXEZEBEREBEEERS A
1.7.1 &i& pH & pH 2 E N E

Ry T M R T4 Y il pHL 7E pH 4.0-11.0
FI AR 2% whif (pH 4.0-6.0: 0.5 mol/L FFiERR-F7
BERRENZE i ; pH 7.0-8.0: 0.5 mol/L Tris-HCI
ZZ W ; pH 9.0—11.0: 0.5 mol/L H&EMR-A AL
BV O I A AR TS, DU dRGE pH T R
T2 LR 100%. AL, A T PR B pH A2
PE, K EARE TR (H 5.0-11.0)4 37 °C
WEE 1 h, DARACHAERIRAE X ], fERiE
SN AT W I T, kT AL A Bl o X

A 100%.
172 mEEREREREREMEMNE
A A B ORI, 7E 30-70 °CR

RS F . b TR R e, KAy
WIET 30, 35, 40, 45, 50, 55, 60 °CHIFH

1 h, L0 min MRETE R0 BE, T i S 4444
T I AE X B T
173 EKMHREENHNFZSENE

TERE ST, DAY BE R 200 mmol/L 1)
L- K4 [t (L-Asn) . D- K A it i (D-asparagine,
D-Asn). L-ZFZMiHE(L-glutamine, L-Gln), L-K
2 HA IR (L-Asp) .
D-Asp) . L-% & IR (L-glutamic acid, L-Glu)#l
D-A+ % R (D-glutamic acid, D-GlW/E NIEY, 4
MrHOR YR S ETE 1. BeAh, BA 2-40 mmol/L
) L-Asn YERIRY), T il SO A5 1 T it
1% 77, MY GraphPad Prism 5 1135 K &% 30 (K.)
et RN T FE (Vs ) TEL
1.8 RSMNIIE S =AM

¥ L-ASNase 5 2.4 mL sh¥ &R &, H
NFE), fEKEEH 37 °CIFE, B 12 h
— UK S T o
1.9 FHXZEHEREBAENERPRHE
g =a:0-A
1.9.1 #mAbE

Bt S EE VR . K K, YR
0.5 cmx0.5 cmx7 cm £k, F ddH,O #iye 1
Ve o TEREA A INA 0-50 U/mL NCasn5 F
il i L-ASNase, 35 °CI & 30 min, LUl ddH,0
AR ERE AR S XS BE . b PRES RS T ddHL0 Bk
BER, 60 °CHET 20 min, 160 °CilKE 3 min Ji5
RV, AU MR AR S A -
1.9.2  # & A G R AT 2 B A

SEMWAEDIrk, I 1 g FRE T
50 mL E.04H, INA 10 mL HERAH5)5,
8 000 r/min B.0> 15 min, W4E R, AR
HHEL 3 W, W S mL _FiER ST 0.45 um
i . £ i (poly vinylidene fluoride, PVDF)JEHR ,
PR BE AR C18 A (565 M 2 mL H AT 2 mL
ddH,O ¥EAL), F#25HT 0.5 mL UEWK, RWHT

D- K 4 % % (D-aspartic acid,

http://journals.im.ac.cn/actamicrocn
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SIATONAE , R TSI t K (2=0.05),
1.10 FEHXZERREEHANG =M AEIETE
1.10.1 #HpREESE

QGY-7703 Hl A-375 ZHAES SIS 10%HT
AR 1.3 (newborn bovine serum, NCS) ., 1% L-Gln ,
10% 2 2= Al 10%5E5 R RPMI-1640 1
DMEM 5SE&RFHIETE 37 °C. 5% CO, HiF46
(Eppendorf 28 w])H 5 55
1.10.2 MTT 3K NCasn5 %t 40 ff1 i 55 14

2:7% Ameen 55k, WEAUEN. K 5104
MEER 2 96 fLtk, WiBEJS ] 2-10 U/mL
fY) NCasn5 4b#f 24 h, FFLE RIS H PBS ik
PE 2, A 20 pL 9 MTT 44kHS mg/mL) %
180 pL RiFe BLUR % 9% 4 ho BBRIIK, A
100 pL — H1 37 B (dimethyl sulfoxide, DMSO)
5 BRR F R RES) 10 min RS T, TR
AXAE 490 nm bW HOGIR ISR, 155 40 i i A7
G5, R R IR 548 53 (0=0.05)
1.10.3 DAPI KA FEBERIMMZTES

FERFY NCasn5 X T-M1ER, 7E 24 fL
MR R4 1.5%10° A4, F£H 2-10 U/mL
W 1 NCasn5 AL BEJS7E 37 °C., 5% CO, ¥i5#A
1595 24 h, F PBS (pH 7.0)0E%%, FE] 4% 28
FH B [ 5 4M 0 10 min, 0.1% Triton X-100 F1 PBS
VEWA 3 K. A 1.25 ng/mL 4,6- 43 5L-2-%
Lo me — Eh fR (4',6-diamino-2-phenylindole
dihydrochloric acid, DAPI)%4 {4 10 min, 7E{8] &
P BB IR 100 £5) T MELFARE .

2 EREG5M

21 IS

AP R ek i 20 Al A ) 2 B DR 4 v
PEIRTS L-ASNase [ NCasn5, Zifih 331 M2
FEWR PRI 4> T M 37.296 kDa, & H 5l 5,18,
BLAST #5375, 5 NCasn5 & IR 7 51 A1)
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B B = B K IR 2 B AT I (Eubacterium  sp.)
(MBS4868370) . # & (Clostridia bacterium)
(MDO4300458) F1 & 18 B F} 4 74 (Lachnospiraceae
bacterium) (MBR5799555)f L-ASNase, J¥%fH
WIPES 5 80.36% . 63.25%FH1 46.61%, ik
FEAN K A sh W) 8 s 2 55 AL B, o
JC A & B 5% Hik E o 2k BRAS [A) 40 B Ok R Y
L-ASNase Z4 MR 7SI R Gt (& 1),
HREs 1 AFEE 2 sy 1T BR T AL
L-ASNase, 1 NCasn5 5 Fi& 3 /> L-ASNases
PL 100% 815 B A R — 00 2. ok, 2)7
X & B (K 2), HE SR NCasn5 5 HAh
L-ASNase HAZARSFIXE, W T-G-G-T-1.
H-G-[ST]-D-T Fl P-V-V, 4K, %% 26. 88 Fil
159 o7 o5 1 B AL A L IR R LT AN ) . TR,
NCasn5 7] f&J& F#i L 1% L-ASNase.
22 XREBRMBEENRESRIE

DAV R IrE A R A 2 A A ) B DR 20 R AR
P #8153 NCasn5 Jt [ (GenBank % %5 .
OR905595), Byt i Wl B I v TR A DU Jb 7% 445 K
/N1 1000 bp, FFEFRIE(E 996 bp (K 3A). ¥
HAYHER 5 pEASY-E2 #iiAkiks, @R
ki pEASY-E2/NCasn5 , ¥ H % A K # &
BL21(DE3)/E&Z 54, 4 IPTG iRk E
R4S NCasn5 HIfif, 4 Ni-NTA Agarose 4lifL )5,
f£ 12% SDS-PAGE T 4r#7, NCasnS M5+
1 29.0-44.3 kDa Z [7], SHUS(EAHFT (& 3B).
23 EHXXEEIZEE NCasns HIERFH IR
FAE
2.3.1 pH KiRE X} NCasn5 B0

W52 #W] , NCasn5 i pH {H°4 8.0 (K] 4A),
Wit pH B 3% In 5 PR &8 N % . 7E pH 5.0-11.0
WEE 1 h 5 e B AL AR e 1k BL(KT 4B),
NCasn5 7E4 52/ pH 5 [ 4 (pH 5.0-10.0) 3 {#
FF 70% UL BTG 7, R PR .
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Escherichia colisp (P00805)
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B 1 NCasn5 5SHMREYFIER L-ASNase S BRI FINWEMNEREZELBE R

Figure 1

= Type Il

=—Type I

=— Unknown

Phylogenetic analysis of amino acid sequences of NCasn5 and L-ASNases from various sources.

The phylogenetic tree was constructed using the neighbor-joining (NJ) method in MEGA 6.0. Numbers in
parentheses from NCBI and UniProt protein databases. Numbers near the branches indicate the confidence
levels of the branches, and the scale bar represents a substitution rate of 0.1 per nucleotide position.

NCasns
CAA31239.1
WP_261006470.1
WP”234618066.1
WP_011138590.1
PDB3ECAJA

NCasn5
CAA31239.1
WP_261006470.1
WP 234618066.1
WP_011138590.1
PDB3ECAJA

NCasn5
CAA31239.1
WP_261006470.1
WP_234618066.1
WP 0111385901
PDB3ECAJA

NCasn3
CAA31239.1

WP 261006470.1
WP_234618066.1
WP_011138590.1
PDB3ECAJA

- NAST|L
. HSLMY
. .HTTH|T

s NTT AL

IVESDPY|L

30

[RSFDG
RANEE
SEPDF|5
[KALNS
[N AfE1A S PN TG

LNTTD

A TERSVNY

B 2 NCasn5 SIEB 75 53859 ERIEHT L-ASNase R EBL 75 LL 3T 2 47
Figure 2 Alignment analysis of the amino acid sequences of NCasn5 with partially reported L-ASNase
amino acid sequences. The black box indicates the conserved amino acid residues, and the green arrows
indicate differences in some of the amino acid residues in the catalytic sites of L-ASNase.
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kDa

972
66.4

443

29.0

20.1

37.296 kDa

3 L-KZBtRZES NCasns B EF 3 18 (A) R H SDS-PAGE 53 #7(B)

Figure 3 Gene amplification and SDS-PAGE analysis of L-asparaginase NCasn5. A: PCR amplification.
Lane M: DNA marker; Lane 1: NCasn5 gene. B: SDS-PAGE profile. Lane M: Protein molecular weight
standard; Lane 1: Escherichia coli cell lysate containing empty plasmid pEASY-E2; Lane 2: Unpurified

NCasn5; Lane 3: Purified NCasn5.

- L}
0
I ! I

|

1 1 Il 1 1
40 50 6.0 7.0 8.0 9.0 10.0 11.0
pH

€ o0k I |

Y r 1 | | | |

| | Il Il
30 35 40 45 50 55 60 65 70
7/°C

1 | | | | |
50 6.0 7.0 80 9.0 10.0 11.0
pH

wob e

30 35 40 45 50 55 60
7/°C

4 pHFEEXEH L- KX ZBAZEE NCasn5 i 1AM

Figure 4 Effects of pH and temperature on recombinant L-asparaginase NCasn5 activity. A: Optimal pH of
NCasn5. B: pH stability of NCasn5. C: Optimum temperature of NCasn5. D: Temperature stability of
NCasn5. Data are expressed as the mean value (=SD) for three independent experiments.
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NCasn5 feil i 4 60 °C, 7E 40-60 °C4k
PR OREE 70% AL ERTE , T7E 65-70 °CAA4F R
MG SR 40% (K] 4C) TREERUEMERIFR R,
NCasn5 7EH 28 =TT R N R R A7 AE
EME, TE 30-55 °)C MR 1 h JS30REF 90% A4
fitg 1% 71, {HAE 60 °CHY G J1 23 T FE(El 4D).
232 EVMHFREMSIESH

{5 NCasn5 Xf L-Asn A f 4 51k, i
A7 162.13 U/mL, Hi 7178 645.73 U/mg; %) D-Asn
L-Asp. D-Asp. L-Gln, L-Glu il D-Glu ¥JJG76 .
i GraphPad Prism 5 318 Ky, A Vi (B350
(3.334+0.21) mmol/L #/1(836.3+13.91) umol/(min-mg).
233 R MBEFEFH

NCasn5 7£ 37 °CIiLiEHEE 29 12 h, HAHH
X} I 1 4R AE 2 90% . Bl 00 5 B[] A9 SiE
fitg 1% 1328 PR, EWFE 2 69 h J5 N REEWILR
PR 50% (& 5).

24 NCasn5 MHEZEFPRBERS 28
=AU

FAASTRI BE /Y NCasnS i b i Ab 31 )5
S5 v ) TR T P 5 0 B AH B 2 AR
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Figure 5 The serum half-life of NCasn5. Data are
expressed as the mean value (+SD) for three
independent experiments.

(P<0.05), J-BE%& Bk 3, 2METHE
VR EaFE(E 6), £ 10-40 U/mL JE[IA,
NCasn5 5[] 55 ¥ B2 () B b g AH LU A B 25 25 57
(P<0.05), NCasn5 b 5 %) 7 4 Bk i 2 435
FEAKR T 27.76%., 48.78%. 57.30%F1 64.83%; 24
AT e A s T AL B, P TR A o fe 2R -5
9 52.92% . 66.86%. 72.17%F1 73.34%., i M
We AR 2 45 U/mL 0 50 U/mL B, 9 it ()
[ fif R 22 S AN I 2 . NCasnS FIR Ml A0 B 5
(1) TN s T B 31K 232 43 00 R 67.58%—69.35% Al
73.73%—74.96%
2.5 NCasn5 BU#JEE 4
2.5.1 MTT ;5K NCasn5 BYHNYEE M

FI MTT ¥:9EA5 T NCasnS X A8 41 it
QGY-7703 FAEYEA MR A0AE A-375 BYBEE
YERE 7)o SXTIRA AL, 2 U/mL NCasn5 4b
FEAY QGY-7703 4 LA 1 5% 2] i 2 1Y 40 MY B3 0%
M, X A-375 A0 A EIZh 35%; A 4 U/mL
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Figure 6 Impact of NCasn5 on acrylamide levels.
Comm.Enz indicate commercial asparaginase. Data
are expressed as the mean value (+SD) for three
independent experiments. *: P<0.05 vs. control group;
" P<0.05 vs. commercial enzymes of the same
concentration.
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0o} &% —=-QGY-7703 NCasn5 4 BJ5, QGY-7703 F1 A-375 £ il (4
20 ) T TR R L 54%. K % U i v
s 7l NCasns Rl 8 4077 H T R [ 75 E 1 4
E| AR L 3 AR LR 75 2k 3 0 40 2R B35
g sl J1(P<0.05),
20} 2.5.2 {ARARZS K DAPI £ &iTE
187 L L L TEAR) B 56 WEE T WSS NCasn5 X 21

NCasn5 (U/mL)

7 NCasn5 X QGY-7703 1 A-375 AR5 <2200
Figure 7 Impact of NCasn5 on the viability of
QGY-7703 and A-375 cells. Data are expressed as the
mean value (+SD) for three independent experiments.
ns: No significance vs. QGY-7703 control group;
Black *: P<0.05 vs. QGY-7703 control group; Red *:
P<0.05 vs. A-375 control group.

A

200 pm

200 pm .

L APl /E (K 8) NCasnS AbH 5 1 21 o %%
>, ORI AT ARSI S, W
YHMIAZ B SOIR |« G 65 5 1 B2 58 SR R 400 i A e 2
FRNANGER IR /MA . SR, X 2 240 it A%
ISP G AT, TR LI AR T 5%
BT, X FWALE L-ASNase bR, A T-n]
RE e A AE T 1) F 207 .

200 um
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Figure 8 Effects of NCasn5 on the nuclei of QGY-7703 and A-375 cells. A: DAPI staining of untreated
QGY-7703 cells. B: DAPI staining of QGY-7703 cells treated with 4 U/mL NCasn5. C: DAPI staining of
untreated A-375 cells. D: DAPI staining of A-375 cells treated with 4 U/mL NCasn5. Red arrowhead
indicates cells exhibiting morphological features of apoptosis.

P4 actamicro@im.ac.cn, 7 010-64807516



IR | AR, 2024, 64(7)

2549

3 WREER

ZN W R N R e (il G P |
I H$k15 L-ASNase NCasnS, ZEKEFM FFR
KT M BIARMER 3, HRFIER B H
(Eubacterium sp.) L-ASNase [r] J5P4: = (8] 1)
MW N ENZOMAED .. TREENE
SR, R 2R AR iRy TR A
SRR, XTI E ERGE . MK SRk
S5O R IE (B RS S A E A ™Y, Zielezinski
D A L-ASNase FIRF KB WG LI,
—UEY T L-ASNase M2ZIEIR T 45 HIZEHY
L-ASNase AHRITEAR, 7T HE A2 4H 1A [A] K1 2 PR 4
R D e DX B P 41 A8 S B, = BT R
R BB M L-ASNase.
ZIF AT BN, ANFEAIE L-ASNase H
5 88 (L RAZFA SRR AL Thr) S B IRAT , ABIFSERY
NCasn5 1EIA SR IERR A Ser (1] 2). Palm ZE51
# E. coli L-ASNase AHW A 5 Thr 727 Ser )5
KB, Ser AJFAI LU i SR Y, 5 IR YIE At
Pe-grp e A, ARt = PR, Rk, NCasnS 9
S88 Rl AEAFEMA HAEILIIRE. #LAl, NCasn5 4
26 (iANER 159 fArAHEIL ZEEIR IR ALt AN ) T HoAth
L-ASNase, ] fES{IRARM LR B LD,
R, CHRIEATA L-ASNase Ml
pH /¥ 6.0-9.5, ZHJ&E T rhilms, ApFseik
7319 NCasn5 $5:& pH by 8.0, S HFIRITINHE
I %K 6§ 1% [5 FT B (Pectobacterium  carotovorum)
L-ASNase —&("°! _,NCasn5 7E2% ¥ (pH 5.0-9.0)
H 37 °CHEE 1 h 5 R%F 80% LA FEHE 1, SE
& G 25 %F 4 FF 18 (Paenibacillus barengoltzii)
L-ASNase fFEEMHMITY, NCasnS ALAEA:
HopH Y5 B A & AR, T H AE 55 R
(pH5.0-6.0) 25 1 T W PR R AF &1L, Rl T
NCasn5 1E R & & i A0 B2 7 9 Jal i 12 741) 1 9%

J1. NCasn5 fifiild BEA 60 °C, HKFREH
(Aquabacteriumsp.) A7-Y 1 C. amphilecti L-ASNase
—3(F 2), BET /N5 S #ERE (Thermococcus
kodakarensis) L-ASNase (85 °C)™*!, ] it J& NCasn5
rh AL AR A LR A Ak 2 [R] ) AH B AR B2
M) 1 A T 48 4 3 % Bl 3R . NCasnS 7
30-55 °CHF & 1 h JFHEN S LT AL, HalgiE
THAE ALK IR SIpA £ 40 °CHFH 1 h (LA
60% A I BTG AR HE , FEB0H o G A AR E P
1M 45 % FR #& T (Corynebacterium  glutamicum)
L-ASNase S IR 35 °CHf 2R T RE,
40 °C 5 min J5 52475, HF L-ASNase J&J7
FEAE R A A2, T SRR AR PR
JE, Bt e FEK i W REU > 2145 24
5 | 4 3 S IO R PGB 37 °C& A
NCasn5 ARSI 32 69 h, FLEA AT
[ (Enterobacter cloacae) L-ASNase (%] 39 h)P**
1T s FLAT I (Lactobacillus casei) L-ASNase (4
44 WO ST R 2G4 R T AR

NCasn5 ¥JEY) L-Asn & EL—, Alge 5 H
N AR i 1 20 N 97 B2 I ) 45 G 1Y) 24 R IR 3% 2k ()
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ST R R AR SRR BT R, — gk
L-ASNase K HAT 4 2 WM WG 14, AT REZE 1 A
Tt AR R PR BRI AT B, X SR A I
PRIGTT UL AT RES | A R S N . PR B e R
RAERMERU . Kk, Jo4r 2 W me s v
NCasn5 B I Z5FE dh Tolk -h e e i 590
Ik, NCasn5 f Ky, 47(3.3340.21) mmol/L, T
7 FCHER T (Thermococcus  Zilligii) il % 2 20 A FF
(Mycobacterium gordonae) =5 3k i /) L-ASNase, H
Fb R L-ASNase 11 & (R 2). AFGHEY
L-ASNase ) K, {HEFI7E 0.012-35.000 mmol/L
Z U A T e A B UR . SRR
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&2 NCasn5 5E 2 MEMRIFRA X L BRI F 4R LK

Table 2 Comparative enzymatic properties of NCasn5 with asparaginases from various microbial sources

Type Source Optimum Optimum K, Specific Application References
pH temperature (mmol/L) activity Acrylamide  Cancer type
(°0) (U/mg) reduction (%)
Unknown  Nycticebus pygmaeus 8.0 60 3.33£0.21 645.73 69.35 QGY-7703, This study
faecal metagenome A-375
Enterobacter cloacae 7.0-8.0 3540 1.58 105.07 - HL60, MOLT4, [34]
MDAMB231,
T47D
Palaeococcus ferrophilus 8.5 95 5.00 1631.00 79.00 - [35]
I Fish gut microbiome 8.0 30 3.01 478.81 63.00 K562, MCF7 [21]
Acinetobacter soli 8.0 40 322 400.00 55.90 - [36]
Mycobacterium gordonae 9.0 50 6.03 486.65 65.09 - [37]
Thermococcus Zilligii 8.5 90 6.08 5278.00 80.50 - [38]
I Soil metagenome 7.0 35 2.00 696.00 - HL60, MOLT3, [20]
MOLT4
Caspian Sea metagenome 7.5 - 0.15 100.00 - Jurkat [19]
Bacillus velezensis 7.5 37 0.04 31.77 - MDAMB231, [12]
MCF7
Bacillus licheniformis 6.5 37 49.99 36.08 - HepG2, MCF7 [39]
Geobacillus kaustophilus 8.5 55 0.49 250.60 - Hep3B, HCC  [40]
SNU387
Melioribacter roseus 9.3 70 1.40 1530.00 — K562, Jurkat,  [41]
LnCap, SCOV-3
Corynebacterium 9.0 45 4.66 1 979.08 84.00 - [42]
glutamicum
Cobetia amphilecti 7.0 60 2.05 778.00 81.93 - [9]
Pseudomonas sp. 8.5 45 0.52 41.50  73.00 - [10]
PCH182
Aquabacteriumsp. A7-Y 9.0 60 1.80 458.90 88.20 — [43]

—: None or not mentioned in the literature.

L-ASNase FJ F& fk A W & & &
55.90%—88.20% I A 4 Mok Jiie 1% 5 (£ 2), —4&
L-ASNases 1T X} 25 2 7Y %) 92 20 AL A #0046 A
QA I (K562, HL60, MOLT3 ., MOLT4 #i
Jurkat) . FLIRJE(MCF7 . MDAMB231 #1 T47D).
Ji48 (HepG2 #1 Hep3B). Bl L9 (SCOV-3) K& Hij
S 958 (LnCap) P AL o ASBIF 5% FAS ] e B 1)
NCasn5 ZbFRZ 4, n] DA @ o/ v K o R ey
BRI £ A2 i . 40 U/mL NCasn5 1 {1 P47 B iz sk
/b 64.83%, M3/ NCasnS FH 2 45-50 U/mL
i, 5 RV L-ASNase AR fF R A0 LG B & 2
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5o 50 U/mL BEHEALEE 0.5 h )5, PN IBERL %
it R B = Al 3k 69.35%, T M. gordonae Fiffi
JIERIRAY SIpA FIRERSE, (HART T. zilligii |
C. glutamicum F1 C. amphilecti (% 2). X 7] e &
H T 60 CCE&AF T B B FeE PEANE , JCk Rl s
LA UEAT B K AN A B, ST BRI T
Pkl s B0 e Ah, NCasnS DL B8 A4 i i 1
il QGY-7703 1 A-375 i A=, HAE ML
M E#E Y, L-ASNase 1 i JHAE MG P& U
H 1 S CHA B SR T i A5 1 L-Asn, F0] T
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N N N e (T G Y/ e |
2 PRI RASHT I AY L-ASNase NCasn5, %[
TOA A BB VE , A8 37 °ClliLig A & e e
PE(Ti2: 2969 hy, i JH9E8 4 A S OGP 6
RO AR 3G, I BRI R A R R Tk
Y i, S L-ASNase 7E 2591 & K& dh Lol
SERAE T — B T 1] o S N Y T,
(o ST P BURASL /N (= SNe=ss  INEe (9R 7 A
] 5 Ak 5 e i T L R ARUE MR S IR Y
FERTT S

BAt

S 22 B I R A Bk A 2 B T T A
AL R B e A e 56 b 25 T AR Bl
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