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Abstract: A pH-sensitive polymer (Pypmn) Was synthesized from four types of acrylic monomers. Polymer Pypyn-Cu or Pyipvn-Fe was
obtained after Py Was attached to a metal chelating agent, and then chelated with Cu?* or Fe®* via a coordination bond. First, the infrared
spectra, isoelectric point, and recovery rate of the polymer were determined. Second, the adsorption conditions of Pypyn-Cu and Pypvn-Fe on
the crude papain, including pH, time, and NaCl concentration, were explored. Based on the measurement of enzyme activity recovery rate, the
elution efficacies of imidazole, guanidine hydrochloride, and ethylenediaminetetraacetic acid and their combinations were evaluated. Finally,
enzyme purity under optimal elution conditions was verified by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The
results showed that the isoelectric points before and after grafting of the metal ligand were 5.15 and 5.08, respectively; the recovery rate was
higher than 95% after five adsorption-elution cycles. The optimum pH value for adsorption by Pppun-Cu or Pypvn-Fe was 7.0, and Pypun-Cu
and Pyomn-Fe reached adsorption equilibrium at 120 and 210 min, respectively, with maximum adsorption capacities of 5.09 and 4.58 mg/g,
respectively. The amount of adsorbed papain increased with increasing NaCl concentration to some extent. In all elution methods, the
combination of 0.5 M imidazole with 1.0 M guanidine hydrochloride showed the best elution effect, with an elution rate close to 95% and
without metal ligand leakage. The electrophoresis results revealed that both Pypyn-Cu and Pypmn-Fe largely improved the purity of papain,
with purification folds of 4.29 and 4.48, respectively.
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Tablel Polymer recovery
FZEN
et
1 2 3 4 5
Pyomn/% 99.840.1 99.540.2 99.240.1 98.740.2 98.340.1
Pvpovn-Cu/% 97.740.1 97.440.1 96.940.2 96.540.1 96.140.2
Pvomn-Fe/% 96.840.1 96.420.0 95.940.1 95.640.2 95.240.1
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Fig.3 Effect of pH on papain absorption
Note: Conditions: 20.0 mg Papain, T = 30.0 ‘C, 2.9 mmol/g
affinity ligand density and 0.1 g polymer.
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Note: Conditions: 20.0 mg Papain, T = 30.0C, 2.9 mmol/g
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affinity ligand density and 0.1 g polymer.
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Fig.5 Effect of NaCl concentration on papain absorption

Note: Conditions: 20.0 mg Papain, T = 30.0°C, 2.9 mmol/g
affinity ligand density and 0.1 g polymer.
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Pmvpomn-Fe-papain ISR, S5 3 2. FhE Kk
WRERIINK, B AT & ERE DA . R
F 0.5 mol/L BREERC S AR BE ) ERERAT (0.1 mol/L
HEINAS 1.0 mol/L), & e i e B M 23 45 K i
B, T 90%. EDTA MM 0.01 mol/L HEjn=
0.2 mol/L i}, & BEN A B EEIE LM 2 B 70%3E n 2|
Bl 95%. FHERHE, 2 EDTA BIKRE KT 0.01
mol/L B, 3 JBi H ok () g v 2 BB IR I L, X

Pvomn-Cu-papain 1 5, SEIEEE, X Puown-Fe
-papain 15, B, ATH, MERER EDTA B
BT SRR FROEE MR . LA L, BRI
24475 0.5 mol/L BkME+1.0 mol/L 5EZAK, Pumomn-Cu-
papain 1 Pypovn-Fe-papain i B ) IR 00 i
91.3%7F1 94.9%, XS fHEGIE L3004 94.5%A1
93.6%.

3R 2 T EIZEMHT Pon—Cu-papain, Puw—Fe-papain BUiERZE
Table 2 Desorption rate of papain from Pypvn-Cu-papain and Pypvn-Fe-papain under different conditions

S At g -%ﬂitﬁl% - Eﬁ;%_ PR % :
Pmomn-Cu-papain — Pypvin-Fe-papain Pmvomn-Cu-papain - Pypvn-Fe-papain

0.1 mol/L zke 412402 422404 45.240.3 46.240.2

0.2 mol/L =zke 50.340.3 49.240.5 55.340.1 54.240.3

0.5 mol/L zkr 60.140.5 58.340.6 61.140.1 59:340.1

0.5 mol/L =k=+0.1mol/L £ ERAK 68.140.5 66.240.6 69.240.4 67.440.2
0.5 mol/L =k=+0.5mol/L £ ERAK 83.240.3 82.540.4 86.140.3 85.540.2
0.5 mol/L =k=+1.0mol/L 3£ ERAK 91.340.5 94.9490.7 94.540.4 93.640.1
0.01 mol/L EDTA 71.340.3 71.530.5 73.3#.5 74.340.4

0.05 mol/L EDTA 82.440.5 81.640.3 85.440.3 84.640.3

0.1 mol/L EDTA 94.440.1 93.240.3 96.440.2 95.240.4

0.2 mol/L EDTA 95.340.3 95:440.4 99.340.5 98.440.3

2.3.2 SDS-PAGE

Bl 6 BAiRE ST B SDS-PAGE [E]
Fig.6 SDS-PAGE profile of eluted components under optimized
conditions
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AN ER A BB ) A 3om TR m, FEER
WA 22 ku R A U [ B A0 2% 7 B S iR, 244k
& (a0 22 ku oA SIS T 14.4 ku B5610) BIRAR
o XTHLUKIE 3 14, Pypwmn-Fe 24K )5 Bl 2]
TET Puomn-CUo AT UL, Pypomn-Fe X ATVER )
KL AR BT Pyomn-Cu. {EHARELTT S,
Puvomn-Cu 7 1 B B 5577 T 58 BAR

24 PMDMN-Cu 5 PMDMN-Fe xfA/N& &

Blg 4 1 BOR Y LR

%< 3 Pow—Cu. PwwFe fi{LKNEBETIEPAEEFHEAIESH

Table 3 Enzymology related parameters during the purification of papain by Pypun-Cu and Pypvn-Fe

Ea4F/(mglg) EARKEM  BEEAIUG)  BEEEDLE%  IEAIUIMG)  shAuigsk
AL 478.4342.14 30135.94498 - 62.98
Prviovn-CUZ 115.34:413.07 24.11 - - -
Pyiovn-FeR i 105.3547.02 22.02 - - -
Prviomn-CUZEARL. 105.2849.02 22.01 28478.463124 94.49 270.50 4.29
N 100.07-40.09 20.92 28207.934105 93.60 281.88 448
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Pumomn-CU 5 Pypwin-Fe Zifb it FE i g 6 2
BN 3. TEMRPSPEMEFES, Pupmn-Cu XA AL
IR BRI BE L RE T ES5E T Prvowmn-Fe. AR BETRT
Pmomn-Cu 5 Pyiown-Fe & & 1 [RIUACR 23518 22.01%
F120.92%, 4l J5 A I E B B I LG s 0 53 90
270.50 U/mg F11 281.88 U/mg, #liAbf5%05y HlikF] 4.29
55 4.48.

3 g

ASCUAUFH IR IS AR G B T —Fh pH U
REY (Pyomn). ZREWNEHESIREGT (DA
Ja 5 Cu** Bk, Fe* St A7 S A R A4 Prown-Cu B
Puomn-Fe. 5% 4R FCHE AT IS 155 HL AU A1k 5.15 5K
5.08, [MIUEE KT 95% (5 AMEF-LEBifEdrE).
Pmomn-CU~ Pvomn-Fe 7311 120 min £ 210 min ik 3]
W PP, B KRB 53308 4.65 mg. 4.27 mg.
W pH N 7.0. NaCl HIREE Infe — @ R AL 1
TR (B B & . 0.5 mol/L BME+1.0 mol/L £
FRITCEA Bl (BRI AR, (e i 26 B4l 95%, [
AN S Bl 4 8 lic FE it % - SDS-PAGE {271 Pypwin-Cu
H1 Pvpwn-Fe EBRERIEFEHE SR N ARG IR,
A 1) 4.29 Fi 4.48.
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