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Abstract: Short-chain aliphatic esters possess pleasant fruity and fatty aromas and are widely used in food products and
cosmetics. Cutinases can catalyze the synthesis of short-chain aliphatic esters from organic acids and alcohols. Compared with
chemical synthesis, enzymatic synthesis of short-chain aliphatic esters has advantages such as mild reaction conditions and
environmental friendliness. The present study aimed to identify novel cutinases and investigate their application potential in the
efficient synthesis of short-chain aliphatic esters. A cutinase gene (UtCut) was cloned from Umezawaea tangerine and expressed in
Escherichia coli BL21 (DE3). The recombinant enzyme (UtCut) was purified by affinity chromatography and characterized, and its
effects on the synthesis of short-chain aliphatic esters were determined. The results indicated that UtCut shared the highest similarity
of 74.9% with the cutinase derived from Amycolatopsis mediterranei. The specific activity of UtCut was 279.29 U-mg ', and its optimum
pH and temperature were 8.0 and 35 ‘C , respectively. The enzyme maintained its stability at temperatures up to 35 C and within

the pH range of 6.0~8.5. It showed the highest hydrolytic activity toward pNPH (C;) and tributyrin. At an enzyme concentration
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of 25 U-mL" and temperature of 35 °C , an esterification rate of 100% was obtained for the synthesis of ethyl caproate. The newly

identified cutinase may have application potential in the flavor ester production industry.
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MRS (EC3.1.1.74) J&T a/p KEFEGEF R, |
ZAE T A 2 M ES Y, EA A K
fRA R, AT UL ER A AN B AT e S B, DL S B AR
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PAF, EITIERAMCAE, H R RN R G A R
P, BT TS AT, A RS
WBEPAIAANE TR M2, BEE K
e R P R T R AT B 2 AR AN L A e L S Al
SN A, R USSR T ZMGERE RN H
3R, I H TS24 5w ) A R AR
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% 30 h, A 5 B /R A B A 5 R A S R CLRR 2 TR AN
CR T HE (15 43 59 9 65% M1 73%", J&5 Kz 4k J1 1
(Fusarium solani) i 5 B 75 1 il & 4 240 U-mL ™" i

S 6h, ARG T R BRI RN 84%! . K H
Wit # 72 % (Thielavia terrestris) {1 Jii i TtCutopt 7E
I EA 550 U-mL ™ B8 8 h, &k T R T B (TS
N 99.2%" . H i L A ke B AR 7 R 1R K 2 17
TEAR AL RCRAR FLG A SR AN 55 i /1, DR b 4k 42 9
H AT v 306 A BE IR 7 R R 1 A o Bl LA B S
AT MG EAFEE IR E (Umezawaea tangerina) R
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coli) BL21 (DE3) w7 iiaik, W 7t H Mg = 1 i,
i — K T R T T R IR ) v A
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TransGen A & ; 5N 3#E-A-D-A L ABEF (IPTG),
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ZOERH R, SR HER. AR H M. =
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(DE3) &2y, AT LB PR (F
100 pgmL ' E R HFER), PREURHEE S LB ks
B (%100 pgmL HFREHEZ) 1, 37 CHFE8h
FIFPF, B3 mL FFRT 300 mL IR RS IR 4k
BEEE IR, 24 ODgy ik F 0.6~0.8 I NN IPTG (9K &
91 mmol-L™), 16 Ci%S457% 12 h LL k. 12 000 r'min’
B0 5 min WCEEBE R, FHZEM A (20 mmol-L ' Tris-
HCI, 500 mmol-L ™" NaCl, 20 mmol-L™" Bk, pH 1H 8.0
R, R AEE S 12 000 rmin' B0 5 min 13 5
FH AR -

fi I Ni-NTA 35 12 it 41 %)/ 51 B UtCut #E 47
dith. ZEHTEETUCHZ MR A P, SR )E K R
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SAHEE, BHZMME B (20 mmol-L™ Tris-HCI,
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35 C /K ¥ 4% o A£ 35 2 min, fn A 50 pL 10 mmol-L"
PpNPB ) 5 P4 B v, |3 10 min J5 i 500 pL £
1EH L&A 5% (m/v) SDS (#) 300 mmol-L'. pH {i
7.0 BEERERZE i ], T 410 nm P K A0 & OG1E .
B s A1 b (UD 8 SCATEL BT, &5 B
A2 1 pmol X 2K BT 75 1

RESERNE S Lowry 25579557, LA I3
FHEA (BSA) NhrEEA.
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IS pH (A1 pH B fase MR &« £ 35 C
50 mmol-L " AN [RI G i £ A 5 I s S0 i 1) g 55 7 LA
SE 50 0@ pH fH, BTl 0 & mR B TR IR - FT AR TR
%h (Citrate, pH {8 3.0~6.0). 2- " Ijk £ i 2 (MES,
pH { 5.0~7.0), 4-$2 £ B R % £ % 8 (HEPES, pH
5 6.0~8.5), =¥ R EEIL bt - Zh R & (Tris-HCI,
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10.0~11.0). pH {E Fa & P I 52 A B AT b IR 2% b it
o35 CARIR 30 min, FiE S0 NI E SR AR B /T

F5 3 i FE AN BE AR e ME R 2 F 50 mmol- L pH
{E 8.0 HEPES Z& M yiidE U BERE v, 43 I ZEAS [R1 L
T (20~60 C) W€ g% ) LA € f i iR FE . iR E AR
SE IR I 5E 9B AE 50 mmol-L pH {f 8.0 HEPES %%
MR T RERE R (20~55 °C) #7630 min, &
ST I TR AR T

e E W I 5E . A S0 mmol-L pH 1 8.0
HEPES 2% /i h 73 ) T 30, 35 F140 C{#I5 6 h, &
I BURE S5 53 2% 1 Wl 5 R AR TS
1.2.5 &% & T AAE Yt A i B& UtCutBs 7% /) 49
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% I8 Xiang 2P 5 9%, #F 35 "C. 50 mmol-L"
pH {f 8.0 HEPES £z 43 5l 58 UtCut LUK A 3K
P AH I =8 A RN PR TS o
12.7 A SBEUtCuts A2 44 I8 iy B2 s

2 [ Duan 25777, SmL SFEGeH A 0.1 mol L
AHLER AN 0.2 mol- L %, [ VR & 44 & o I T £
JiR AR AT 40 mg-mL ' (9 4A 4> F0,  DAAS A 5
UtCut [ Bk 2 4L, T 35 “C. 200 r'min ' [¥)
KRR N 16 h, 58 B EURESEAT A0A (i 4G 0,
HEIREEKE (C~Cpy) IR (15~100 U'mL™) Al
SR (30~60 “C) X UtCut 116 & Bl A % fig 1 B2
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N i £ 4E — A~ 44 AN QLR A S 5 K, B
BTN S B 3R 55 L R4 iR 27.74 ku F
8.01. & H /74 txs & W], UtCut 55 s v iig 1 70 B¢
B2 W (Amycolatopsis mediterranei) K 5 ) f i B
(PODX29.1) ARk Se =, 9 74.90%, SWEIRLTYER
D # (Thermobifida cellulosilytica, E9LVHS.1). W&
HHHE (Thermobifida fusca, Q4TRI6.1) F iy i W
Ui B ( Thermobifida alba, DAQIN1.2) U5 I /1 J5i i
FAALPE S 5K 67.82% 67.66% 1 67.05% (B 1), #t
B A — T 2 A o

1 1 2 30 40 0
PRY41751.1 [MLPGRFPSRRFGVYND[].QLR. .SVJFTTVILVAALVGGAIGHSF AIAINENE
PODX29.1 SALTSQPTSSGSSEK|I[PRLRGWRAKAAGV|VIAALALTTGVa|alP Alp[af¥aA NESS
BOLVHS1: ] ¢ ooca o minie wien o mcolofmiinn wimie alafis o omsfe a]sn vmie smn o . . MEYN .
Q47RJ6.1 (AVMTPRRERSSLLSRAL. . .. ... QVTAAAATALVTAVSLAAWP AHARIN .
D4QIN1.2 SVTTPRRE.ASLLSRA. . ..... AVARAA| - - . .ATVALAAP AQARIN .
F71X06.1 MSVTTPRRE.TSLLSRA. . ..... RaTaalaTavvATVALRAR AlQREIN .
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EOLVHS.1
Q47RI6. 1
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F71X06.1
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Qe
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300

PRY41751.1 .[IAEFRGERHSs s
PODX29.1 _|1|slo r[ichSdunG
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Q47RI6.1 EVE[E v B
D4QINi2  D[vip|e S| «
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B 1 fa 5 UtCut 5 H fthskilf fa g v 51 b X3 53 47
Fig.1 Multiple amino acid sequence alignment of UtCut and
other cutinases
E: MARAELEFFLITAAE, RFALEAEH

FRTAHLE.

22 A REEUCUthy & 4 % & fn i1k,

UtCut RINE K AF i BL21 (DE3) Haf iRk,
PR 22 I Ni-NTA S5 2 BT Ak 4k 75 380 F ok 2% 2 -
SDS-PAGE % WI7E £ 46 ku 4b Bo” N ¥ — 44, 5T
Moy 78— (E 2. BEE1ECE N 84.13%, L
Bigv% 711 75.98 U'mg ' #2745 279.29 U'mg ', 4l fk i
N 3.68 (K 1. Ml UtCut [ ELEEWE )& T
2 B A K W R B R OA 0 A R B, G0 R R Bk ) R
(14.4 U-mg DPVRImE S (223.1 U-mg D&k
YR £ S5 o
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Fig.2 SDS-PAGE analysis of the purified UtCut
E:M: BT EAREEG; | MR, 2 thikEE,
* 1 BEHEMRBUCUELR
Table 1 Purification summary of UtCut

BBy BREG WERES st EDRE
EA/U /mg  /(Umg') & 1%

HEER 741234 97.56 75.98 1.00  100.00
FREMN 623634 2233 279.29 3.68 84.13

2.3 A B UtCutty B 2 M R

UtCut [{)#i&E pH 184 8.0C/F 3a), 7F pH 14 6.0~8.5
90 BB P9 PR 22 R R AR B 30 min,  BRAR BRI F1 KT 80%
( 3b). ZBEERIGERZ N 35 'C (B 3¢), 7£35C
PARAREE 30 min J5ARX RS 11K T 90%, iR T
40 “CI B /1 28 R FE (B 3d). UtCut ££ 30, 35 il
40 C FIIEIERAS 5128 1 360.20 309.27 1 22.36 min
(F 3e),

K Z %A i Bg W I & pH A W B 1 (pH 1E
8.0~10.0)", UtCut ¥ #%3& pH 5~ 80 (& 32), 5 %
PRI, #RSE T (Fusarium verticillioides )™ Hll
B K& BRE (Moniliophthora roreri) ™ 2% S Y5 (1) £ 5t
Wi 5 3E pH AEAH R, 75 T — SRR P A 5 g 1) B IS pH
i, WeRET RE R (pH E 4.0, JHFRIR
WO KR (Sakaguchia sp.) (pH E 4.0)%7 1 M i 25
(Aspertillus niger) (pH 18 5.0~6.0)"" [ 1 JFili. %L
B #1957 BAECE v ek OB 2 1 R IR RRE . UtCut £F
pH 18 6.0~8.5 Ju [ N A2 € MEALLF (B 3b), S 2
(Aspergillus fumigatus) (pH A 6.0~9.5)" Al #4241y
(pH 1 6.5~9.00 SR 5 1) 1 5 g pH {2 B 2 S L A
UT. UtCut 7E B 26 1 s VE 8L, A JLAE Y iR AN

LRI
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iU\ B AT R S A A

2 T A 5 ) RS IR . (40~60 C) — A TR
B AR (30~40 CHOU™, UtCut [ 5 3& i 35 C
(B 3c), SiEBRIRIR O I RE RIS IR B ) 5 2 ok
TS AR o I A U A R, AT 2 A T A o i D
B, W FAFE (Mycobacterium marinum)
(45 COPY WEMAYER MR (50 CHPIRIRE AR
(55 COPVERIFMIf NG . ZBETE 35 CLUFf-FE
FaSE, AE 20 CII AN BEiE 7105 KT 60%, 1M 24 5
I 40 CI RS DS RI TR (B 3d), 5K’
FEOR WL IR (Antarctic Rhodococcus sp.) > 3k
U5 IR I 4 M A T Bl AR E PR AR, S RS . UtCut
X AR, BAIGIR N ORRRRRE, TR &
AR E HE A RRE,  — AN BE A T AR T
UtCut 7T LA 36 I8 F AT R SRS, 2 1 T Lk
S S FE AR R BE DR RE™ .

a 100t
= 80 P
R 60} ,
e —=—Citrate
B 40l —e—MES
j_»;?: —»—HEPES
< 20FH —o—Tris-HCl1
—o—CHES
(s ——CAPS
4 5 6 7 8 9 10 11
prE
b 100 |
< 80F
60 |
j.é —a=—Citrate
B 40l —e—MES
j_»;?: —a—HEPES
< 20F —o—Tris-HCl1
—o—CHES
(s ——CAPS
4 5 6 7 8 9 10 11
prE
€ 100t
o 80F
R 60}
g
40
'
= 9l
0F
20 30 40 50 60
WRE/C

14
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FEXSBEE 11/ %
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a
W
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g/ C

InfH XS B 77 / %
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[ 3 fafRE UtCut M-I R
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Fig.3 Enzymatic properties of UtCut
7£: (a) UtCut 9 F i€ pH A ; (b) UtCut 49 pH {42 &
M (¢) UtCut #9 3R ER A ; (d) UtCut 69E EAL T M (e)
UtCut #9F %4,

* 2 & BB TMEARRBUICUEEE N

IR

Table 2 Effect of metal ions on the enzyme activity of UtCut

4255 F/(1mmol-L") WEEEH/(Umg') A3 BE /%
xt B8 224.50 +9.53 100.00 + 4.25
Na 193.51 +6.04 86.19 +2.69

K 178.17 £ 4.62 79.36 +2.06
Ag' 260.97 = 8.42 116.25+3.75
Mg 184.74 +1.88 82.29 + .84
Ca™ 248.60 = 7.06 110.74 £3.15
cu” 1.54 £0.08 0.69 +0.04
Ni** 58.89 +4.26 26.23 £1.90
Mn”* 249.54 +10.97 111.16 £ 4.88
Ba” 274.43 + 14.84 122.24 + 6.61
Co™ 145.14 +4.36 64.65 + 1.94
™ 210.41 £6.25 93.72+2.79
Fe*' 252.99 +10.08 112.69 +4.49
Fe’ 224.97 +6.57 100.21 +2.93
cr’ 262.69 * 4.63 117.01 £2.06
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24 £ RBET RS A S BUCtEE 7
%
4 J8 B 7 X UtCut 1 3 0 2 9L £ B PF, NI AN

Co™ Xf UtCut 47 5 (40 kEH, Cu™ JLF 58 4 il
HyE e, B /I N T 99.31%, 1 Ag'. Ba’'. Fe’
A er sHiZmgE A — MBS ER (R2). MR
i EANUA R A BUR L, R E SR T BB
FHFH 2 T PR 776 UtCut B S RS20 o 50 B TR A B
XF UtCut A A [FFE BB fEH, 2/, IEARE A IE
TERERAMRIE S, TR S AR, IR CkE
AR B ZREA BOR MBS ER, BRE 1 e T
27.49% F12521%. i 20 FIE IR 60 F UtCut 45 ¢ 55
FFEIER, it 40 xF HARGEEA, b X-100
XZBFRGEE RO, TG I3 1 99.58% (£ 3).

& 3 ALK REE M A E A F R EUICUtERE S #20m

Table 3 Effect of organic solvents and surfactants on the enzyme

B8 HEINZ 16 I, AFEEE 2RI TR (K 4.
x4 FARBUICUtHEYERE

Table 4 Substrate specificity of UtCut

activity of UtCut
XA (30%) PeBEE 77 /(U-mg ) H3tBEE 1%
xT B8 224.50 £9.53 100.00 + 4.25
52 32.68 +1.26 14.56 +0.56
LB 4.45+0.20 1.98 £0.09
FRBE 22.63 +3.12 10.08 + 1.39
ERE 0.25+0.01 0.11 +0.00
ETE 2.84+0.07 1.27£0.03
LB 89.39 £2.41 39.82+1.07
T 0.00 +0.00 0.00 +0.00
ETE 286.20 + 13.25 127.49 £5.90
FFh 281.09 + 11.74 125.21+5.23
7 R 80.23 £3.25 35.74 %145
—F kTR 204.93 £12.78 91.28 +5.69
k3B 20 0.76 £ 0.03 0.34+0.01
k3B 40 239.56 +8.21 106.71 £3.66
wtiB 60 0.67 £0.02 0.30 +0.01
wk iR 80 205.75 +4.73 91.65+2.11
#3538 X-100 448.06 +37.76 199.58 +16.82

2.5 A B UtCutth JE 4 e v 1

HE T MR UtCut X A T4 BRI A KSR K
MR R . DN A R AR 1 2K B R T
UtCut %f pNPH(C,) /KffE M fe =, A& pNPB(C,,
97.81%), XF pNPA (C,) /KIRBEJIH S, FIXTEEIE /1
N 32.35%. LARIRIEY)H il = Be AR, UtCut X
TR H R K R T B, B IR TR Y B B R

o e R b

PNPA (C,) 79.50 £4.36 3235+ 1.77

PNPB (C,) 24038+ 1558 97.81+6.34
PNPH (Cy) 24575+ 13.64 100.00 £ 5.55

e PNPC (Cy) 218.11£9.97 88.75 +4.06
B PNPD (Cyy) 220.61 £8.85 89.77%3.60
PNPL (C,) 19240 +1.52  78.29 +0.62

PNPM (C,,) 11524+9.84  46.89 +4.01

PNPP (Cy) 105.41 +4.68  42.89+1.90

---- ZLEHmES (C,)  104.88+17.48 34.62%5.77
ZTEHWE (C,) 30298 +20.18 100.00 +6.66
ZTEHEmE (C,)  250.54+10.09 82.69%3.33

Wb SFEEMER (C)  19227+1748 63.46+5.77
=B Z AEHmES (C)  64.09%1748 21.15%5.77
Z A AERHHES (C,)  81.57+10.09 26.92+3.33
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