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Abstract

In this work we studied the catalytic activity of a-chymotrypsin (a-CT) in gemini surfactants
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C12CsC12Br: (s = 2, 6, 10) solution. We selected several cationic gemini surfactants (12-s-12,s =2, 6,
10) to investigate the effects of different spacer lengths on the activity of a-chymotrypsin, mean-
while the conventional single-chain cationic surfactant DTAB was also used as a comparative study.
In all cases, the superactivity of 12-s-12 /a-CT system appears in a bell-shape in a concentration re-
gion below their respective critical micelle concentration and, the catalytic effect is better than that
of DTAB/a-CT system. The relative activity of a-CT was related to the spacer chain length of the
gemini surfactant, that is, the gemini surfactant with longer spacer might have a much stronger in-
fluence on the enzyme activity due to larger size and its stronger hydrophobicity of its head group.
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1. 5|

i RS DRETEAN SE B B AT I HEAL A T, Rt vt Tl P M A A R i M 20 5 R e LU 245
PR 20 TEIR AL IR BER o K SCIR AR T FH 1 1 3 T 77 RE 08 B v Mg O (AL RIR [1], J4EOKk, Gemini Y
R R R T B S O B 2 5T DL K B 2 AR SR N Y R BN R LE B T BT ST B
o BEH MR LR 24307 07 T B B A RS, iR A 9477 1 A DU RS 1B S B K 4545 . 7E
R s, BAWITT T gemini BEREEVEFIEREBCREN 5 o-BEE AR LA, AT o-BEEA
Mg L DR I VB e (A R R B AT AR LI A E

Gemini BRI 731 BT PR A SRR M 25 K e SE 5, T 02 e [ o % (spacer) £ Sk ZE Ak
SO AE, T H RGN, EATRBL BRI SRR R, o 2R T 5K 7 BRARBE 71 AL (1

][l

>

|
BE R IR — I R A RI[2], B T RIAFRIPIEAC AT, gemini 2843 1 P4 7138 7] LA
NESIFRITERT R, PR R, DASOH B AN BRI T A A B B RPN A[3], B FHRE R
VSRR Z IR, I EERIET gemini 2T 5 7S e IO AH ELAE AT 52 AT -

o-BEEE AR (o-CT) & — il iz W M 2 E IR B g, BoA AT A A g5 A AR LB, & m) DA
B T P BB R K AR, HEREREAE T /N B IR [4]-[6]. o-CT 4> T8 24,800, & —Fi 1A 40
x 40 x 51 nm3 [IERIE & A, W] UEALE/E 420 22 nm ERIKR[7]. o BEER AARGTE PH = 3 ¥R TN
R - RRCPATRISE A, TMAE PH = 7 (VAT 2 AR - AN RIEPA R AP E[8]. — N a-CT 0+ F
A\ EIRRIE, H AP (Trp-27 1 Trp-29)fEHELE 4> 1 (1 N X I, DU IEERR (Trp-51. Trp-141.
Trp-172 A1 Trp-215)% F& H B T-B 70 F B R A 20%, 1 575 4 AN (R BE JE (Trp207) Fl(Trp237)
F& TR R AR 73 500 469%F0 49% [9]. -CT MG VAL s HAHZPR-57, 2% R-195 AR [ 142 fR-102
HLR[10], VETEAL s S B TEYE R UIAE G o V2 SCHRWS o-CT 3 A Y g SRATT 5 2 T Vs P 70 3Rk 2
TEPEARR E M R [11].

2. SKHEERSY
2.1. SCHNKFH
A PR 7 KA R BT, BRI I 1, A S ) 25 6 R0 (gemini J80) 2 T
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EMERI(12-5-12, s=2. 6 F1 10)#% I8 SCRRII T VEEAR SIS == i) %% [12], 46fE >99.0%, B &k 12-s-12 it
FAR A5 R o A4t o

S P 7 L B SR IR (PBS) ik £ B K (53 1.2 x 1078 S.em ) BCHil I p,  SF X 46
IKZETEAR(SZ-93, g oRAEWALE) ) ZKIRA, FRE NaHPO412H20 Fll NaH2PO4-2H0 5 & 431 H
1.0335 g 1 0.3301 g & T 500 mL A& H, 53] 10 mmol-L (PH = 7.3) I ZZ M. S286 i i% A Fr
Ut B R IR B, 41759 10 mmol-L 7t i) PBS.

Table 1. Test drugs (agents) required for the experiment
1 KRR

A A FR TR EA 2 FR aiEI [CES
a-BEEAN a-Chymotrypsin 1000 u/mg [CIETN
LTR-2-251 2-naphthylacetate >98% [TETAN

2- 251 2-Naphthy! >99% TCI
7, ethylene glycol VAR IR KT R IR H PR A A
ek = R DTAB >99% (TETAN
T IR G R A A NazHPO4-12H20 Vit I 24 G 23R R A R A ]
KR A4 NaHzP042H20 Vi I 24 5 G 22 AR A R A ]

22. KTk

o-JEE B [ PR3 B B ) TR -2- ZE R TE R G 1P i VP 1 /K A SR AT VA I 58 1) o 33 1 A
TU-1900 XUt AR ANAT I o3 6 P15 BUFE S P21 2-N S KRG 1 (328 nm) T Wi 2 it i i) f) 28
TRBHEL, PR 2-N Bk EEREI [A] AL BH R, H Bh 2RI UE 2R Ik 3R 2 IR R R R AL o-CT [HIE 1,
HART L 1.

TR R SRIG T, o JBE R B S BORDGARAE 30 min JEAEHT, Y 2-NA BT 2 g, [[IR
R 75 7= 3% IV i 30 min,  HI T & R AR AR FAR, A 3% (V 2wl &), JFHCEA R
B, B R H A S SR G T o-CT IR R [13], Kk & ZBE R AAAE A 22
BT P AU B o Vi P B B L P AR Dy 25°C 0 P R U R A

SEBHT S AT AR A RN T WA FETH AV SR AT R A & TR 15 min, B R HE G BEAR K,
BV E N 328 nm, 7 GBI . SRS IARTHHMT AR R, ANE AP 3 mL L
I AN AR AR B B2 VA R« R T P VA VRN o-CT VAR, 78404 JE TRON EL £0 LA Py 45 IR 8 e AR A7 10
min, BOLBCE AT HRERE, R REESM I 2-NA W, RUATIFE7E M &

Z bR T AEHIRY) 2-NA LUAh, HoAh S0 26 -5 5 e AE F] . S50 49 301 328 nm '~ 2-N ok
55 W IR ] 0 2R A0 R T DA I 0 R B e328 = 1.53 x 103 L-ML-em™ [14]4bFE45 3] 2-N [9K £ BE I a] (1) 2%
1k

3. &ER5vHE
3.1. BHEF Gemini FTHE M FIXT o BEE BESEE MRS I

WEPESEIR T, o-BEER G KMRRY) 2-NA A5 2-N, £ 328 nm Rl 2-N §990' BE RN [ ) A2
&, B 10 min, 53] 2-N OB RZBEIN (] (AL 2. L 2-N £ 328 nm T TG R4 €308 = 1.53
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Figure 1. At 298.15 K, variation of the concentration of 2-N obtained by cata-

lyzing substrate hydrolysis of a-CT after 10 minutes of cultivation in 12-10-12

with time, the slope of the curve represents the decomposition rate of a-CT. The

12-10-12 concentrations in the direction of the arrow in the figure are: 0.005

mmol-L71, 0. 01 mmol-L%, 0.04 mmol-L™*

1. #£ 298.15K B}, o-CT 7 12-10-12 h#E 7% 10 min FHELRYIK RS

E| =49 2-N HOKRE FERT E R (L 2k, RZE IR K R o-CT M HRIRE

B REE & k7718 12-10-12 AR B KR 4 :0.005 mmol-L ™2, 0. 01 mmol-L 2,
0.04 mmol-L*
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Figure 2. At 298.15 K, the enzyme was incubated 10 min in the surfactant so-
lution before 2-NA was added to trigger the enzymatic reaction. Variation of
the relative activity (vr) of a-CT with concentration of: C12C2C12Br2 (A),
C12C6C12Br2 (), C12C10C12Br2 (o) and DTAB (V, top abscissa), respectively.
The solid symbols represent the cmc locations corresponding to the surfactants
expressed by the open symbols with the same shapes, respectively

[ 2. 7£298.15 KB, o-CT fERMEAEM 12-s-12 Fp1EF+ 10 min [FHE
FEMREE 12-5-12 KENTihik. BFROFS2AIRREERER
MEFISTRIB cme LB, v RRe-CT ERHEFRMETIEE TN 2-NA KR
HHRERR SR BREEEFONHRERMNELE. CoalRR 12-2-12
(A); 12-6-12 (O); 12-10-12 (0); DTAB (V, TRER#EAHR)

K2 5 0.10 gLt a-CT ZERIHIGMEF 12-5-12 (s = 2. 6 A1 10)8¢ DTAB #F1£43% 10 min J&/Kfi# 0.081
mmol-L 1 2-NA ARG AR 28 . 455 IR, 12-5-12/a-CT % DTAB/a-CT 1A R{E S FRIKE X (R
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VR P AR R P DA R )R ISAEAE o-CT RIS (ve > 1), FEHE— IR T IARARHE SRR, 2
i BB A 2R T P AR R o, AR M TR . AL 2 R RT DAAR 3 12-5-12 (s = 2. 6 11 10)F1 DTAB
(B RAERHEYE, 2 BN Vimax = 124 1.35. 1.5 f1 1.2, AR a-CT HIAXHENE S gemini 21 i £ 71
(1) spacer KREIEAHOG, HIEEE spacer K FEMIHE N, mﬁéﬁxﬁmm X—ME5 A BT spacer
KXo AR A 54 () 52 T 2 IR e AL [3] [15] SERFIFERM) & 7 R IEVEHEFIBH & 7 Sk 2 5K
@iﬁfk$ﬂuﬁhﬂCT%ﬁm%wwﬂﬂﬂﬂ
Sy —J7TH, gemini ZY 2 [ viE PR 7R 1) A 5 B e i spacer KB RIS N kAN, 2 spacer £ BT,

FELTHT 5 ik N ) — AN LB /NI, 28400 T SR 1Y) P 88 7 SR TS R AU A 5 . DTAB/a-CT MR RTEIX
HAEAXTEL, BN DTAB [IFHE TSk T gemini BYE MG ME7 LI —#84>, I+ H DTAB 5 a-CT
FRAE LA F E AR I RO 92 [18] . S286rf DTAB/a-CT 44 £ 45 3 1 5t KA 1% P B 12-5-12/0-CT 14 &
ik, ViWIPABER) DTAB 58 A MBI AR gemini L& TGP LEXT a-CT AT A R A9 HAE A

3.2. EHTERRERN o BREREEHARE

N T BRI B AN spacer KRR R 12-5-12 (s =2+ 6 A1 10)H I (1) L ff 2 FEXT o-CT
TEVERISEMR,  FRATT S5 0d e 0 43w R 2 T V% P 7 Sk R P F A SR SO S B R FR A 2 B, RIS TR IR S
TFECH R RERTE MR . PH = 7.3 FIBSRR 20, MR TR A A s b, o H,PO, fE MR+
ik, HPOZ 1E AR 132 1k:

H,PO, 2 H" +HPO; (1)
-5 BH 8 2 i 7 B B[R] I T4
HPO} +R(CH, ), N* = (R(CH,), N"HPO; ) @)

TEIRAMRZR A, AT 20 PH B TR IS P75 H,PO, MM EAEH . 2 3(2) #3481 e B ] LLid

Tok % A T 1) 4D R T e 50 R N A IR 11 2 I R I H S R I SRR S, e 3, 4R
LRI R LR, B AR B 255 BH B TR S MR 2 (R e Fe AR 3G 5, SR A TERI B 3 R
Sl /N GG N, TE B 3 — 2 i B 38 K VR AR 2 T LA I 55 R T 7R S i 1) P £ B REE T

K 45010 gLt o-CT 7ER NS HEFRIAAE T AR 15 M Bl S i ok BE AR i 28 o XF T 12-s-12/ o
CT &R, HAR ARSI F B S sl E s 12-s-12 1) spacer KEA5 ¢, B 10 mmol-L™%, 50
mmol-L™* F1 60 mmol-L~t 2 5il%f N F 12-10-12, 12-6-12 Al 12-2-12, X — P/ 55 2 ThI 5 1 771 Sk 2k v 1oy 25
38T — 3. VE X HLE) DTAB/a-CT 1A R, fEGMEHIRE L E] 40 mmol-L B HH I a-CT Mk
FEXF TG -

XA, AT AN 12-5-12 SKLAE B fuf 5 B2 () M S5 75— @ F2 R B R T30% o-CT, BARHN
(I RR B B MR TS PR ), B UL,  EA K LT 2 F8F %) 3R T Vi 1 R PE 2 e VR P 2 o v R 4 R R
FIT45 B s AR E 1 « BG SR spacer K FE IR T P IR a-CT 3 M LA S [ 9 52 00 1 T DU Sk 2
1R DA S B K PESK AR [4] [16], BPRTTEME SIS IR BOR,  SKE M Hfiy 26 BE AR RBRG, S 3akim
TEPERS a-CT Z (A1 FLAE FH RS

7T, KT RS 1 7 S R B A AE P AL SR AN (1), RN FRATTIEAS BEAIE B 535 7K 1 WP 2 [
R e ﬁAT%mmﬁ[ﬁ@@%&ﬂ@ﬁ@%ﬁA%ﬁMmmaﬁaCTA%ﬁﬂ.mmﬁﬁ%@m
BRAKAVE R /& BRI, A 3K st o 4 J ity 1 L 1 R NS R ) 5 4 ORI o-CT (Al AIRE RS, AR eq ]z
[ B AR, HIXRE S 2 1 v 1 H Ay 28 P s e B8 S 2 PR RO 20 R 5 45 18 AH LA Ji

DOI: 10.12677/aac.2024.144029 247 ST E i


https://doi.org/10.12677/aac.2024.144029

L FHICH

100 100
I I
S0 S0 ._..--ll"'
—"E .ll-...-..- o .l.... [XYYY Y]
5 .-.l.. E -.l' XX :
w0 ...I- XX XX @ -.-' oo
3 (1] SN ] xXxxx 2 Ofe™ XXxxl
2 ° eccccoe = e ecoe vyvvvy
- veessss A A < v:' : o FYYEY,
<150 YYVvYVVYY < 50 Yvvvy
- "vvv"vvvvvvv B 'vvvv
“100 L N " \ -100 & " 2 s " N
0.0 0.1 0.2 l0.3 0.4 0.0 0.1 0.2 0.3 l0.4 0.5
C,,,,/ mmolL C\, 61,/ mmol L
100 120
I v
90
- or - -
g = -
; ..ll-lllllllIll"=:=.’.: ; 60 ....-" ecooce
L Ofvuuguns LXYYYYYY 23 o ecccce
by oc-cco"”". ’ o~ .-l' 00000044 ssivyVVYVY
é v vvvvvvvvv'v‘ é 30F .-'.. S000CALLANNVYYYY.
0 *AAA vYVVYYY " "ececcoivyyvyvyy
- vvvv'vvvvv anlecvrvyvvvvy
Of »8%wwvvy
-100 2 N s s . s s 2 L s
0.00 0.05 0.10 0.15 . 0.20 0.25 0.0 0.2 0.4 0.6 1 0.8 1.0
C / mmol L C, . \p/ mmol L

12-10-12

Figure 3. Variation of the conductivity (Ax) of: (I) C12C2C12Brz, (1) C12C6C12Br2, (I11)
C12C10C12Br2 and (1) DTAB with concentration of phosphate buffer at 298.15 K. The
different symbols in the figure represent the concentrations of buffer solutions respec-
tively: (m) 10 mmol-L%; () 30 mmol-L~%; (A) 50 mmol-L™; (W) 70 mmol-LL. The pH

value of all the buffer solution with different concentration is 7.3

& 3. 7£ 298.15 K B}, MOFFHEFREEMTNESEREREE AR TRENT
1Ll : ()12-2-12; (I1)12-6-12; (1l1)12-10-12; (IV) DTAB. EAAERFS S
BIRRENBRIGRE: (w) 10mmol-L; (e)30mmol-L?; (A)S50mmol-L™; (V)
70 mmol' L. FIHEIREEMARPH =73

2" 1.0 =
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Figure 4. At 298.15 K, variation of the relative activity (v) of 0.10 gLt a-CT
with concentration of phosphate buffer. The symbols indicate the surfactants:
(A) C12C2C12Br2 of 0.07 mmol- L™, (e) C12C6C12Br2 of 0.08 mmol- L™, (o)
C12C10C12Br2 of 0.04 mmol-L™, (V) DTAB of 6 mmol-L~* and (M) pure phos-
phate buffer, respectively. The concentrations of the other components were
constant 0.081 mmol-L™ 2-NA and 3(v/v)% glycol, respectively. The incuba-
tion time of a-CT was 10 minutes before 2-NA was added in all the experiments
[ 4. 7£298.15 K B, 0.10 gLt o-CT RIMEXTEMREEZ AR KERT K

Bisk. T

iy 3

15

PHIRTR: (A)0.07 mmol L 1HY 12-2-12, (e)0.08 mmol-L*

B 12-6-12, (0)0.04 mmol-L1 Y 12-10-12, (V)6 mmol-L1 & DTAB IR
(MR &, SEIF, K 2-NA BIRE ) 0.081 mmol-L™, ZZEEME
24 3% (viv), ErEstiaRIEFRatEI2 10 min
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N T BB IN a-CT AT 1 BE 2 S v TR P P9 A8 A 3 R i 1 577 P 8 2 1) e 22 i
] it PBS 520, FAIME T 0.10 gL o-CT ELUMERR EL S MR P IS PE(IL AT 4, FEZRBLR). a-CT

7E 10~70 mmol-Lt ({222 b M P A AR AR AR e, L rp R e AR A 5 00%, 138 72 4 1)
BRI AR B0 0-CT E MG 1SS I S
4. B

12-5-12/a-CT (s = 2. 6 1 10)8k DTAB/a-CT 4 R 7E % B ARKEE (I SR AR B DL ) X B LE o-CT

PIREIEVE(V, > 1), HA 12-5-12 (s = 2. 6 A1 10) AL AR EL B 5E DTAB 47 . o-CT AMXTEPERI KNS
gemini 4 G 7 1 IR R BE K FE A 06, B spacer MK, SR FELTT 25 ARG AN, R VS 1 HE LA R
T L 5 KRR A A 1 o B SO IR R S PR IR PSR 4% o-CT 36 P . BRI SRl &8 1 5 3R T
PEFARH BT 2 (A1 L 0 v 2 2 B S T P ) Sk R (1 T 30 AT S B, AT 2 O 3 T ¥ 2 790 5
o-CT AR 1 (1 52
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