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Abstract: The effect of dynamic high pressure microfluidization (DHPM) on the activity of papain had
been investigated,and the molecular conformation changes of papain had been detected by fluorescence spectra.
The results showed that after DHPM (120~ 180 MPa) treatment, the enzyme activity decreased in different
degrees. The papain activity reduced to 90. 04% after 180 MPa treatment. With the increasing of treatment
pressure, the fluorescence emission peaks of papain, Tyr and Trp residues gradually red shifted from 334,285
and 277.5 nm for untreated sample to 335. 5,285. 5 and 278. 5 nm for 140 MPa treated sample, and then
returned to 334,285 and 278 nm for 180 MPa treated sample,respectively. After 24 h placing at 0~4 °C , papain
activity further decreased and the fluorescence intensity of papain and Tyr residue showed oscillate (down.,up
and down) , which indicated that DHPM treatment (120~ 180 MPa) changed the molecular conformation of

papain visibly with low stability of the new formed conformation.
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1 Introduction

Dynamic high pressure microfluidization (DHPM) is an emerging high pressure treatment tech-

nology in China and abroad, which is currently the research focus in the fields of biological macromole-

[1-2] [3] ]

cule modification'"*, auxiliary sterilization"*!, emulsification™*’ , liposome preparation”- , improvement

of dietary fiber'®,etc. Its working principle is to bring changes to the structures and properties of ma-
terials through exposing the fluid material to the mechanical actions of high velocity impact,high fre-
quency oscillation, transient pressure-decreasing, high-speed shearing, cavitation effect in interactive
chamber with a short treatment time (less than 5 s) and continuous operation. Therefore, it differs

[7-8]

from high hydrostatic pressure (HHP) which only uses ultra-high pressures from 100 to 1500 MPa and

between 300 and 700 MPa in commercial systems”.
Papain is a kind of sulfhydryl monomer protease,and it is composed of 212 amino acid residues

comprising 19 Tyr residues and 5 Trp residues and 4 Phe residues™”!. Papain possesses relatively broad
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substrate specificity, which could hydrolyze the internal peptide chain —CO-—NH-— of protein mole-
cule producing polypeptides of relatively small molecular weight;hence,papain has wide application in
the fields of biological medicines and food chemistry with its enzymatic properties and structural modi-
fication always being the major issue.

In recent years, much research has been dedicated to the effect of high pressure treatment on the
enzymatic properties and structures™'"'*. Gomes et al. (1997) studied the influence of high hydrostatic
pressure on the activity and structure of papain,and the results showed that the enzyme activity gradu-
ally decreased with increasing pressure, but the size and conformation of enzyme didn’t change™®.
Huang et al. (2005,2007) investigated the effect of high hydrostatic pressure treatment''* and ultra
high pressure-enzyme inhibitor combined treatment"™ on the peroxidase and pectin methyl esterase in
litchi pulp. Zeng et al. (2005) studied the effect of high hydrostatic pressure treatment on the activity
of horseradish peroxidase with the relationship between secondary structure and activity of enzyme
being analyzed"'™). However,so far there are not many reports on enzymes treated by DHPM.

Our research group has investigated the effect of DHPM on the enzyme activity of polyphenol

L7180 and the molecular conformation of polyphenol oxidase from mushroom ", Based

oxidase in pear
on these,we continued to investigate the effect of DHPM on papain activity and reveal the molecular
conformation changes of papain by fluorescence spectra, which could help us preliminarily elucidating

the mechanism of DHPM-induced changes of papain.

2 Materials and Method

2.1 Materials

Papain, enzyme activity =6 000 USP-U/mg (casein, pH 6. 0,40 °C), purchased from Ourchem
Co. ,Ltd. Reaction substrate is casein. All chemical reagents are analytic grade.
2.2 DHPM Treatment

Using cysteine (0. 05 mol/L),EDTA disodium salt (0. 035 mol/L) and phosphate buffer (0. 05 mol/L,
pH 6.0) to prepare the enzyme solution (1 mg/mlL). Utilizing NCJJ-0. 007/200 nano-ultrahigh pres-
sure homogenizer from Langfang Universal Machinery Limited Company.feeding began under room
temperature (203 3)°C and the treatment pressure was 120, 140,160, and 180 MPa with one-pass
treatment for each pressure. Then a 50 mL sample was taken under each treatment pressure for detec-
tion within 10 min,and another 50 ml. sample was storage at 0~4 °C for further measurement.
2.3 Determination of Papain Activities

[20J First, 1 mL papain solution,

Activity of papain was determined by using casein as substrate
5 mL PBS for pH 7. 5,and 1 mL casein solutions of 10 g/L. were added to a 100 mL conical flask. After
enzymatic reaction at 40 °C for 15 min with gentle stirring,2 mL CCl;COOH of 0. 4 mol/L. was added
into the conical flask. The reaction mixture was statically equilibrated at room temperature for 10 min
and then centrifuged. After that.5 mL of 0. 4 mol/L Na,CO; solution and 1 mL of Folin solution were
added to a 50 mL beaker including 1 mL of the filtrate. The beaker was incubated at 40 C for 20 min.
The absorbance of the mixture was measured at 680 nm (T60 UV-Vis spectrophotometer from Beijing
Purkingje General Instrument Co. , Ltd. was used). One unit of enzyme activity was defined as the

tyrosine content formed per minute at 40 °C and pH 7. 5. Relative enzyme activity is defined as follows

Activity of treated papain

— — X 1007
Activity of untreated papain %

Relative enzyme activity =

2.4 Fluorescence Spectra Analysis of Papain

Fluorescence spectra of papain were determined by F-2500 fluorescence spectrophotometer
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(Hitachi Ltd,Japan). Scanning speed:1500 nm/min,delay:0 s, EX slit:10. 0 nm,EM slit:10. 0 nm.
2.4.1 Fluorescence Spectra

Using 280 nm as excitation wavelength, the emission spectra within the range of 300 ~400 nm
were recorded.
2.4.2 Synchronous Fluorescence Spectra

When AA=20 nm,scanning with excitation wavelength in the range of 240~360 nm to obtain the
synchronous fluorescence spectra of Tyr residues; when AA =60 nm, scanning with excitation wave-
length in the range of 240~360 nm to obtain the synchronous fluorescence spectra of Trp residues (1
~5 in each graph respectively stand for control group,120,140,160,and 180 MPa treated group).
2.5 Statistical Analysis

Analysis of variance (ANOVA) was performed to compare the effect of pressure level at 5% con-
fidence level. All of the determinations of papain activity were triplicated. The results were represented

as mean plus or minus standard deviation.
3 Results and Analysis

3.1 The Effect of DHPM on the Papain Activity

The effect of DHPM on papain activity was studied. After DHPM treatment under 120,140,160,
and 180 MPa, the relative enzyme activity of papain were 96. 04 % ,95. 27%,93. 44% and 90. 04% re-
spectively, which showed that the papain activity gradually decreased with the increasing of treatment
pressure. Placing papain solution of each group in refrigerator for 24 h at 0~4 °C, the enzyme activity
all decreased with higher degrees for 160 and 180 MPa (as shown in Fig. 1), which could probably be

ascribed to the stronger effect of DHPM on the papain conformation stability under relative higher

pressures.
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Fig.1 Effect of DHPM treatment on the papain activity

In a certain level the result is similar to that of some HHP-related experiments. For instance,
Gomes (1997) reported that papain was progressively inactivated by increasing HHP treatment
pressures in both phosphate (pH 5. 0 and 6. 8) and Tris (pH 6. 8) buffer,but in all systems the effect
at pressures up to 600 MPa was minimal,and significant losses were found at 800 MPa"'*', Katsaros
(2009) investigated the inactivation kinetics of papain for static ultrahigh pressure/temperature (500
~900 MPa at 50~80 C) process conditions,and reported that at high pressures,at each process tem-

perature, the increase of pressure increases the inactivation ratet*',

3.2 The Effect of DHPM on the Fluorescence Spectra of Papain
In protein molecules the intrinsic fluorescence of protein mainly comes from Trp and Tyr resi-

dues,which henceforth are commonly regarded as the intrinsic fluorescence probe to study the confor-
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mation of protein in solution state. Papain has 19 Tyr residues and 5 Trp residues™ . When protein is
excited at 280 nm, where both Trp and Tyr residues of the protein are affected, tertiary structure of
protein is reflected”®. Fig. 2 (a) and Fig. 2 (b) respectively represent the changes of fluorescence

spectra of papain detected within 10 min immediately after DHPM treatment and detected after 24 h

storage.
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Fig.2 Effect of DHPM treatment on the fluorescence spectra of papain

Being immediately detected after 120~180 MPa treatment, the fluorescence intensity of papain all
showed decreasing in different degrees with the highest decreasing at 120 MPa. As the pressure went
up, the fluorescence intensity gradually increased and the location of fluorescence emission peak
gradually red shifted from 334 nm for untreated sample to 335.5 nm for 140 MPa treated sample and
then returned to 334 nm for 180 MPa treated sample,as shown in Fig. 2(a). After DHPM treatment,
the samples were stored for 24 h at 0~4 “C ,and the fluorescence intensity of papain fluctuated (down,
up and down) with increasing pressure, as shown in Fig. 2(b). It might indicated that after DHPM
treatment in pressure ranges of 120~180 MPa the structure stability of papain decreased and its
molecular conformation remarkably changed with time.

3.3 The Effect of DHPM on the Fluorescence Spectra of Tyr

The fluorescence intensity of Tyr in papain all decreased after 120~180 MPa DHPM treatment,
but with increasing treatment pressure the fluorescence intensity gradually increased and the fluores-
cence emission peak red shifted to 285.5 nm for 140 MPa treated sample and then returned to 285 nm
for 180 MPa treated sample,as shown in Fig. 3(a). After 24 h placing at 0~4 °C in fridge, the fluores-
cence intensity of Tyr in papain samples of all treatment groups were still lower than that of compari-
son group,but with pressure going up, the fluorescence intensity of Tyr fluctuated (down, up and
down),as shown in Fig. 3(b), which indicated that the influence of DHPM treatment in pressure
ranges of 120~180 MPa on the conformation of Tyr residues in papain molecule were relatively strong
with its conformation stability decreased.

3.4 The Effect of DHPM on the Fluorescence Spectra of Trp

After DHPM treatment in pressure ranges of 120~180 MPa, the fluorescence intensity of Trp in
papain all decreased. With pressure going up.the fluorescence intensity of Trp in papain had a chan-
ging process of decreasing,increasing and decreasing again, and the location of fluorescence emission
peak of Trp gradually red shifted form 277.5 nm for untreated sample to 278. 5 nm for 140 MPa trea-
ted sample and then returned to 278 nm for 180 MPa treated sample,as shown in Fig. 4(a). After 24 h
storage under 0~4 °C in fridge, the fluorescence intensity of Trp in papain solution of all treatment

groups were still lower than that of comparison group and basically maintained the changing rule at
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10 min,as shown in Fig. 4(b) , which indicated that after DHPM treatment in pressure ranges of 120~

180 MPa,the conformation of Trp residues in molecule were relatively stable with time.
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Fig. 3 Effect of DHPM treatment on the synchronous fluorescence spectra of Tyr (AA=20 nm)
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Fig. 4 Effect of DHPM treatment on the synchronous fluorescence spectra of Trp (AA=60 nm)

4 Conclusions

The effects of DHPM on the enzyme activity and conformation of papain were studied. The re-
sults showed that after DHPM treatment under 120,140,160,and 180 MPa, the relative enzyme activi-
ty of papain went down to 96. 04 % ,95.27%,93. 44% and 90. 04 % respectively,and the fluorescence
intensity of papain, Tyr and Trp residues all decreased in different degrees. But with the pressure going
up,the fluorescence intensity of papain and Tyr residue gradually increased,and the fluorescence emis-
sion peaks of papain, Tyr and Trp residues gradually red shifted from 334,285 and 277. 5 nm for un-
treated sample to 335.5,285.5 and 278. 5 nm for 140 MPa treated sample,and then returned to 334,
285 and 278 nm for 180 MPa treated sample, respectively. All these facts above suggested that after
DHPM treatment the polarity of micro environment of Tyr and Trp residues in papain gradually in-
creased. With high velocity impact,high-speed shearing and other intense mechanical actions of DHPM
treatment,the former tight protein macromolecule unraveled into looser state or formed smaller pro-
tein fragments resulting in the exposure of Tyr and Trp residues in hydrophobic environment, mean-
while the fluorescence emission groups rapidly contacted with solvent (water) producing fluorescence
quenching. However, as the treatment pressure went up, the quenching degree of papain gradually
decreased and the fluorescence intensity increased. When the pressure was above 140 MPa, the loosed
and unraveled molecule would probably aggregate resulting in the violet shift of fluorescence emission

peak. In a certain level this is similar to the results of our research on mushroom PPO treated by
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HPM™ . After 24 h placing at 0~4 °C , the fluorescence intensity of Trp residues maintained the chan-
ging rule at 10 min, but the fluorescence intensity of papain and Tyr residues fluctuated and the en-
zyme activity of papain further decreased,which indicated that the effect of DHPM in pressure ranges
of 120~180 MPa on changing the molecular conformation of papain was relatively obvious with the

formed new conformation having a low stability.
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