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Active Biocatalysts Based on Pepsin Immobilized in Short Channeled Zr-Ce-SBA-15

WANG Fang, LI Jian-Sheng, RAN Dong-Qin, DUAN Meng-Shan, SUN Xiu-Yun, WANG Lian-Jun

(School of Environmental and Biological Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Short channeled Zr-Ce-SBA-15 (ZCS) mesoporous materials with hexagonal platelet morphologies were
synthesized through a hydrothermal route without addition of mineral acids. Porcine pepsin was immobilized inside
ZCS and conventional SBA-15 through physical adsorption. A grafting step with [1-(2-amino-ethyl)-3-aminopropryl]
trimethoxysilane (AAPTS) was performed to reduce the pore openings of the host material in order to minimize the
enzyme leaching. The hybrid materials were characterized by X-ray diffraction, scanning electron microscope, trans-
mission microscope, N, adsorption/desorption and Fourier-transform infrared spectroscope. The results confirmed that
pepsin is located inside the channels of the mesoporous materials and the grafting process does not affect the
mesoporous structure. The immobilization of pepsin into ZCS and SBA-15 were compared. The results demonstrate
that the ZCS materials have higher adsorption rates and adsorption capacities (the maximum adsorption capacity is
257.9 mg/g) compared with SBA-15. The ZCS materials with short channels are superior to conventional SBA-15 fa-
cilitating molecular diffusion. The catalytic activity of the hybrid bioinorganic material was tested with hemoglobin.
The immobilized pepsin has maintained the necessary degree of freedom to fulfill its catalytic activity.
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SBA-15 P fLEEM BB A 4 LA 0 A«
PE R AL . RPN fLE, Tz BN
WKy T R AR BT A e A FL AR A W
G50 A FLALTE 7 1) S 3L WY B8 2 56 i 5 I
R HOR T AL 3. AL 4511 SBA-15 AF4EAR, fL
K (oK 20) B 7835 PR AR Y, W mAE K fL3E A
(1050 T4 LA B LT b 9 2 L VR B 4358 T
32 58 ) A LA FE A ILMRL, R R
V) JRAEFLIE N AR AN 5L, S22 TN )T
WOV R I AT BT S L A FLA R,
A Pt ] 2 250 OV HA YA I AL X A et
o LU TR i A6 PR R SBA-15 FlAL 48 SBA-15 _E 1 [ 5,
RIUFEIR SBA-15 X5 b il 117 [] 5 e 3k i g dze PR
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1.1 EFLESHAHIR Zr-Ce-SBA-15 RIA K
B & 51 P123(AX 731 it 5=5800 Sigma-
Aldrich) % it T 58 1K, 16 35°C MR U R
W, ARG NN IERE TR £ 18 (1 25 4 Bk 24 R F
B 28 1) J2 — 52 1) ZrOCly 8H,0 Al Ce(NOs)5-6H,0.

YIEIEEEE A n(P123):n(TEOS):n(H,0):1(ZrOCl,:8H,0):
n(Ce(NO3)3-6H,0)=0.01015:1:170:0.05:0.05. I &
YAk e AE 35°C FIEEBERE 20 h 5, FAE VUG L0
YENAT IS8, F100°C T itk 24 h, SALJE
FEMIZE S HIL gL ek, 60 CRAT TR, ARG
550°C A/ R KR8 6 h B LA, FHEER
1 C/min, 793 F 0k AR B RFE 5, FF bRl b
ZCS. 145 SBA-15 [H11il#% 2 WL 3CHk[13].

12 BEPMIEERINGEWL

YEATE pH (2.6 3.6+ 4.6) 54 F il ZCS(8L
SBA-15)x} & A Wi (1 [ 52 PERE, H—@ B E &
1 fit:(PEP Sigma-Aldrich)¥%s T A~ /] pH {8 it 12 20 2% o
IR, FCH A 2 mg/mL B AR RS

HY 8 mL 1] 2 mg/mL ' &t [ Mg T HETE L,
I 40 mg ZCS(Ek SBA-15), ‘& THEIRL(Q25C)HEIK
P R TR R RE Y, R BN R 2 S
Lo B U, B RS A —n WL 43 O FE T HAE
280 nm Kb, W EIE W B &AM, I
T R ]

I 20 mL ) 2 mg/mL 5 & H M T HER i,
TN 100 mg ZCS(5% SBA-15), ‘& T1HIEL(Q25C)HEIK
P R T EE N EY 1 h, B A ET
FE, ME BB AR AL, THEE & A
([ 52 B P HIkRIC A PEP/ZCS(EY PEP/SBA-15).

# 100 mg PEP/ZCS(zk PEP/SBA-15)Jil A %
8 mL N-(2-24 £Hk)-3-2 N Jk — F AL (AAPTS,
R HRHOR JEATBR 2 W) 20 mL R TR &
W, 35CRBEEE 3 h, RAWE O NETTE
Y. TH. PPWkRric Ay PEP/ZCS/AAPTS(EX PEP/
SBA-15/AAPTS).

1.3 BEMENE

¥ 0.4 mL BEATR(2 mg/mL, 2% MR,
pH=3.6) B AH N £ 1 1) D Be A0 ] 2 A4 k(B 75 K2y
0.8 mg 5 EABHIAF] 2.0 mL 4 L4121
(2 /L, BEERANZE i, pH=3.6). 1504 4.0 mL — &
LIRS Yo wiv) NN EI i 7 W (BRI Be A B[] 72 A4
R 5 A (P TR A i h, DABH L A0 s B R 1R AT
I AT 280 nm AR FEI AR Sk O 15 21 1) 2 A
AR W RV (B ) R A i ] 5 A 1) 5 K ) TR
VW FE 20 min 5 I 4.0 mL =& LA, it
I B35 RO B R B N T 5 R R
WE TS T

U/mg= [(AA/min) x1000]/ [Men.di]
AA/min— &5 B8 IR OE RS, me,, — B Y
S, di— Wik A
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INME X B ATY(LXRD) 1 Bruker D8 ¥ K74
I (CuKo)ll 2, KH Ni 86k, £ HEE 40 kV,
U 40 mA IS OL T . &S E(TEM)I R
7t HA JEOL 24 & JEM-2100 #4355 B4 By,
JE 200 kV, AT FE S AE ZBE A A AR EE S min T,
Sy HCE AN EIEAT WS, 4 HE FBE (SEM) 2 BT E H
A JEOL % 7] ISM-6380LV 413 FiB% b 5¢ . N, W fff—
Tt i 255305 26 ] Mlicromeritics ASAP 2020 2B 1F 1 &l
77 K Wl b A% I Barrett-Emmett-Teller
(BET)J7iE b5, LA LA R ALAR 2 A 2R W Bt = ity
218 i Barrett-Joyner-Halenda (BJH)F ! U155, 21 4h
JEIE(FTIR) 73 AR I %K Bomen A 7] MB154SF
T2IR ZLAMEREAC(KBr ). B AR SR b
SOE AT I8 G A IR A J RO IR A ) Lo 60
FEVTI 5.

2 HR5IE

21 ZHIKREBEELMBINEHRIE

K1 s 44k SBA-15 F1 ZCS [ 5E W 2 11§
K OBeALHT G 9/ XRD BRE, Bt LA H,
SBA-15 [ ZCS 1E 26=0.6°~2° X [11] Py 34 H I = A1 5
W, 43 50565 B F-(100) (110)H1(200) & T FR 4 1 A 5
W, 3K S 7N 5 AR A L5 R 1) M RUARE A AT S 0, 3
BE 52 B0 B A I N O A W R (4 1) R
Pomm)" 16 [ 52 B & (182 S5, P& PEP/SBA-
15 R PEP/ZCS (1) = AMFHEAT 5 06 53k S WA B AR, 1
HH ] A R R R R AR A . &
i I RE fL 5 B Y AE S PEP/SBA-15/AAPTS I
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Kl 1 SBA-15(a). PEP/SBA-15(b). PEP/SBA-15/AAPTS(c)-
7ZCS(d). PEP/ZCS(e)# PEP/ZCS/AAPTS(f)If]/M i XRD & i
Fig. 1 Low-angle XRD patterns of SBA-15(a), PEP/SBA-15
(b), PEP/SBA-15/AAPTS (c), ZCS (d), PEP/ZCS (e) and
PEP/ZCS/AAPTS (f)

K2 H8E4k SBA-15 [ ZCS 1) SEM 1 TEM M )1

Fig. 2 SEM and TEM images of ZCS and SBA-15

(a) ZCS (SEM); (b) ZCS (TEM); (c) SBA-15 (SEM); (d) SBA-15
(TEM)

LA, ZCS 54548 SBA-15( 2(c)) KBS 2 F 1R
K. f5% SBA-15 IR AT 1RG5 M, FLEKE
MK, 290 1.2 pm. T ZCS W) 5K 7S 7R
AREER, ORI KN Ny 1.0~1.2 pm, JE R (FLIE K
55 )AE 0.4~0.5 pwm 2 [1], {h 1548 SBA-15 1 1/3
K. B 2(b) A AR ZCS (1) TEM IR, FEi 2
I EA P I i T A LG, N fLIEHES
W, HAFLALIE 7 10 AT T 0.

Kl 3 Jyas Ak SBA-15 1 ZCS [ 5 5 & M i
K T EEAGTT T ) No W B — B3t B 45 0 28 R 2 1 £ A%
I3 A PR N W B — ot B 25 0 o 2 S R i LA A )
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Kl 3 SBA-15(a), PEP/SBA-15(b), PEP/SBA-15/AAPTS(c),
ZCS (d), PEP/ZCS(e)R! PEP/ZCS/AAPTS(f)I] N W Bt — it b}
SH L2 (A) A ALAR 20 A ¥ (B)

Fig. 3 N, adsorption-desorption isotherms (A) and pore size
distributions (B) of SBA-15 (a), PEP/SBA-15 (b), PEP/
SBA-15/AAPTS (c), ZCS (d), PEP/ZCS (e) and PEP/ZCS/
AAPTS (f)

VAL 2, - EAT H1 B RIAER, 332 78 (1) A fL 45
o, A [ 52 i A D e 4k LU A RES R B DA v
AIPHNALEH. X5/ AR XRD 734 45 R AHTT
IB Ak, ThBeA G S5 45 H B 2 58 A R AH G s D) 7
) YN 10 RS By, U B R S S AR LA
BT/, 3% — a5 nl LLNFLAR 20 A A B 50 E. R 1
I T FE S AL A S8, th 3R B vl g, e
ity Je ThREAL 5 (ORE i HEEE R TR . LR RIFLAR AT
AN TR R P P BEA, 1 B K i A AL fLE Y, A
BTy e 35 A 1 Dy fg e A A AL FLIE 1) P 26 T

Bl 4 b [ e Wi A D Re A HT a1 20 ok 1 ik
BES BB T S0, 2L AR ISR E 16, 3400 cm ™!
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Table 1 Textural properties of samples

Sample Sper/(m*g™)  Dmm  V/(cm®-g™)
SBA-15 847 9.6 1.16
PEP/SBA-15 577 7.5 0.99
PEP/SBA-15/AAPTS 241 6.2 0.39
ZCS 805 9.2 1.03
PEP/ZCS 547 8.4 0.80
PEP/ZCS/AAPTS 129 7.3 0.22

Transmittance / %
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Kl 4 SBA-15(a), PEP/SBA-15(b), PEP/SBA-15/AAPTS(c),
ZCS(d), PEP/ZCS(e) Ml PEP/ZCS/AAPTS(HIf) FTIR &
Fig. 4 FTIR spectra of SBA-15 (a), PEP/SBA-15 (b), PEP/

SBA-15/AAPTS (c), ZCS (d), PEP/ZCS (e) and PEP/ZCS/
AAPTS (f)

Ab 1) A wE T T O 4 A 1 -OH M 47 4k 8)) 51 1,
1640 cm™ &b 11L& Si—OH M4 P50, 1085 Al
795 em™ K43 B A Si—O-Si N FRAH 45 B S A x R
g yRsh " ot b AR I RS AORE AT L
A, [ e S I RE S (PEP/SBA-15(b), PEP/
SBA-15/AAPTS(c), PEP/ZCS(e), PEP/ZCS/AAPTS(f))
PIAE 1525 em™ B HHEL T g, X C-N fif
2% 5 R N-H 25 9= 30 (0 mor i) T il ) i
RIRRIEWE. 23 AAPTS LIfgfk)5, PEP/SBA-15/
AAPTS H1 PEP/ZCS/AAPTS ¥J7E 2933, 1468 Al
687 cm™ ' AL HFLHTIE, 75 2933 F11 1468 e Ak B
TV S —CH, 19 C—H AR5 X SRt Bk i fie
SRR, AE 687 cm ™! Ak HYBILIK 5504 g N—H (175
it H 3 R AT U . —NTHL PRI AR s %o AR A i 4 311 W
¢ H1BLAE 3400~3000 ™' A, 5 Si0, 2 i R HE [y
ARG T . IXUEH AAPTS Ol Hbig iz
#| PEP/ SBA-15 Fll PEP/ZCS. 4k, SBA-15 i T
960 cm™' ALHIIEAE Si—OH (K25 RSN, & ELhE
KB 2 J5 58 A0S O, UL 20 1 7 29 T 0 Ak 2 2
SHEPRELERAE T V. k] DOUE B, Atk
LG5 43 7 2R 10 I RE R R AR T 7800 I, M
TR —NH, 515373 (1 2R 1.

22 MHm¥BEEREAEE L%

Kl 5 2 34k SBA-15 1 ZCS fEAN[H] pH(2.6+
3.6+ 4.6)5AF N M I EE R B 2k, AR ]
LA H, EHIIE pH 415, ZCS X 8 1 W B
TR LG SBA-15 0 AL I I P BE P, ZCS X
T ER VIR O B ZR AE AR 9 min P AT AR A Sk 1)
BT, 7E 12 min B EATA B, T SBA-15
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Fig. 5 Adsorption curves of the amount of adsorbed pepsin
within SBA-15 and ZCS

o 5 A A R B E 60 min 35 A TA S0 B 146
Ubah, FEMIE pH 448 F, ZCS X 8 A I A W i
W i Lk SBA-15 %K, ZCS K ILLL SBA-15 HA ok
(I B BE . SBA-15 [ b2 THI AR FL 75 AR KT
ZCS, {H/& SBA-15 MFLIER K, oK I FLIE A
FF 4 AEALIE A 19 R, FLIE 5 W R
FIRG LS 28, AT T 0 B e, (6] I BEAS T 44
LSO R RN LA bl i 23 M = R S 5 R U AN
FLIBEVRAL, 113 SBA-15 i 5 AR B A7 200 L
R K>, M REAC TH SR R, ZCS
HNTIRARTESR, HoAFLALIE % (400 nm), H &
RS B A2 AR A, AR R AR AL TE Y
PHlAE iy, — 7 A AR A B0 B, 5
— T RIE T ZCS X 'H 8 A B A R0 B
L%, Ml ZCS HA Rt ae ), ZCS ik
4t SBA-15 won th B AL i e ).

XFEE =AY pH 4 F B 30 1 8 1 110 W
LA, ZCS Al SBA-15 BJ7E pH=3.6 41 F X} H
P I P R B e K. WP IS ] 24 60 min, pH A 3.6
INF ZCS F1 SBA-15 5% 15 5 [ il (1) W B 1240 ) ok 257.9
F1238.6 mg/g, MiARTE K pH, WA
W1 N R, DRI, pH=3.6 & W B 7 52 W 25 1 i 1) 4
HpH. B EAMKS R 1, pH 3.6 1, BEA
Bl S g H P, T SCRR R IE, SBA-15 4 LA AE
2,715 372320 7 ). Az BT ) pH 3.6 $230T
THRER S AL IR FUE. R AT, R
SBA-15 Fl ZCS R IH ZE5%] Ay, SEUG s C &0k
W, pH=3.6 W & &% 71 i i Dh dh [ 5 21 A fLREM LR,

M8 T T bR S A%, DR b AR e it s s P 4
I FEM, A REE& X JLAE R W RE .
2.3 HmpEgitEE

2 AT AFEIROEHE A Bt s, AL
TARIIREAHEL, D REALAT R ) it I B K BRI
Tt B ) B8 AT RUBH LB 7 [ A A R v e i U
24 KHSIMAEMIEFELESE

3 hAH T U . B etk AT RL PEP/
SBA-15. PEP/ZCS JJfg[# 52 4k H Zh B4k Jo (141 K
PEP/SBA-15/AAPTS. PEP/ZCS/AAPTS X4 Ifi. 417K
AT . 2R 1 SBA-15 ) ZCS %
A ML AT H A AR o AR, A A I 381 K A
Y. U BB T E SCh 100%35 1, INE R AT LLA
th, PEP/ZCS XJ 4 ifiL 21 8 [ BT AR AR O A0 % 1k B
5T PEP/SBA-15, X ] (&2 K 4+ il 41 8% 1 45
TR, 1M PEP/SBA-15 fLIERA, i3 fLiE
Y 2E, M T AL TR, 1ff PEP/ZCS i fLIE M L
AR T A ML 8 or T AEALIE N AR, A 3o
fLIEIETE. DhRefb o PRl AT SRl R A

XL Dy e A HT S BOFE s, AT LUE O R R
an D BEAL HT ) a6 e A s ME 2 v T I Re e e i, —
J7 TH AT g RN A 2D 8 1y TROK, i B Redb E
FE S i TREREAAE 4G /N T JF LA, NITiss T
A a2 B A REAAFLALIE, T BUR A TS P R BE;
Iy —J7 T ] B A Th e Ak BT A 1 I R 1
TR, HEE 4 KIEHE, RIDEEAFE

F2 HmEtEE
Table 2 Leakage of adsorbed enzyme

Sample Relative enzyme leaching amount/%
PEP/SBA-15 20.7
PEP/ZCS 21.4
PEP/SBA-15/AAPTS 7.7
PEP/ZCS/AAPTS 7.2

F3 HEmEELENE
Table 3 Catalytic activity test for peptic hydrolysis
Enzyme activity

Relative enzyme

-mo”! ivity/2
Sample /(Umg™) activity/%
- After 4 . After 4
Initial Initial

cycles cycles

Free pepsin 28.71 — 100% —
PEP/SBA-15 7.34 3.06 25.6%  10.6%
PEP/ZCS 9.65 2.76 33.6%  9.6%
PEP/SBA-15/AAPTS 4.88 4.75 17.0%  16.5%
PEP/ZCS/AAPTS  6.23 6.00 21.7%  20.9%
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S PEP/ZCS/AAPTS X 4~ Ifil 21 8 [ 1A Ak 3 P A
TRFEAAR, X UL T hae i T A FLAM R T 1
fLAR, AP T Bt e, DRIUE TR R E AR
5 R 1
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DL ALIE AT P LM EL ZCS Rtk 48 SBA-15 24
PR E A BGIEAT I, I LT DR .
g5 AR B e D [ B FLALE DR E
W0 A LG5 A s HA PR T Bl ARG
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Tl ] 52 ARG A TR 0 7 A i 20 2 1 R AR K il
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