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DOI: 10.1039/x0XX00000X While conjugation of enzymes with ABA copolymer resulted in an increase of enzymatic activity in

organic solvent, by several orders of magnitude, the underpinned mechanism is not fully uncovered,

www.rsc.org/pcep particularly at molecular level. In present work, a coarse-grained molecular dynamics simulation of
Cytochrome C (Cyt c) conjugated with PEO-PPO-PEO block copolymers (ABA) in toluene was simulated
with Cyt c as a control. It is shown that the hydrophilic segments (PEO) of conjugated block polymers
tend to entangle around the hydrophilic patch of Cyt ¢, while hydrophobic segments (PPO) extend to
toluene. At a lower temperature, the PEO tails tend to form the hairpin structure outside the conjugated
protein, whereas the Cyt c-ABA conjugates tend to form larger aggregates. At a higher temperature,
however, the PEO tails tend to adsorb onto the hydrophilic protein surface, thus improve the suspension
of the Cyt c-ABA conjugates and, consequently, the contact with the substrate. Moreover, the
temperature increases drive the conformational transition of the active site of Cyt c-ABA from “inactive
state” to “activated state” and thus results in an enhanced activity. To validate above simulations, Cyt ¢
was conjugated to F127, an extensively used ABA copolymer. By elevating temperature, a decrease in
the average size of Cyt c-F127 conjugate while a great increase in the apparent activity in toluene was
observed, as can be predicted from the molecular dynamic simulation. The above mentioned molecular
simulations offer a molecular insight of the temperature responsive behaviour of protein-ABA
copolymers, which is helpful for the design and application of enzyme-polymer conjugates for industrial
biocatalysis.

Introduction preparation of mesoporous materials” ¥, the apparent activity of
enzyme conjugate in toluene increased by 50- to 670- fold, as
compared to their native counterparts. The recovery of the
enzyme conjugate is easily accomplished by cooling down the
reaction system below the UCST of the enzyme-Pluronic
conjugate. The application potential of the conjugate was
demonstrated by the synthesis of valrubicin using lipase-
Pluronic conjugate in MIBK’ and the asymmetrical
ammonolysis of (R)- and (S)-phenylglycine methyl ester using
a CALB (lipase)-Pluronic nanoconjugate in tertiary butanol'’.
While the temperature responsiveness of Pluronic polymer
is addressed by molecular dynamics simulation'', the
molecular insight of the interaction between the enzyme and
polymer and its impact on the temperature responsiveness of
the conjugate and, more importantly, the enhanced catalytic
performance of the conjugated enzyme is not fully uncovered.
These two issues are of fundamental importance to both the
fabrication and application of the enzyme-polymer conjugate.

Enhancing the stability and activity of enzyme, which, by
nature, performs catalysis in aqueous media, in organic media
would essentially enable an advancement in chemical synthesis
in terms of high regio-, stereo-, enantio- and chemical
selectivity and high yield at mild conditions. While the
conventional enzyme immobilization method offers a way to
operate enzymes, the apparent activity in apolar solvents such
as chloroform, toluene and etc., is often reduced by 1 to 2
orders of magnitude. This is mainly due to the poor suspension
of enzyme catalyst in those solvents, which hinders the uptake
of enzyme substrate. To address these problems, various
nanostructures have been introduced to fabricate nanostructured
enzyme catalysts for chemical synthesis in organic media, such
as substrate and PEG imprinted enzyme nanogel’,
encapsulation into interpenetrated polymer network’. More
recently, Zhu et al® showed that, by conjugating to Pluronic®,
an ABA copolymer that is widely used for drug delivery*® and
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In the present study, coarse-grained models of Cyt c-ABA
conjugate and its native counterpart, Cyt c, were established.
Molecular dynamics simulations were conducted to monitor the
structure activation of the conjugated Cyt ¢ and its active sites,
temperature-induced self-assembly conformation transition of
Cyt c-ABA conjugate and its impacts on stability and activity
of Cyt c-ABA conjugate in toluene. The aggregation and
suspension of Cyt c-ABA and Cyt ¢ were probed from free
energy and contact number analysis. Cyt c-F127 conjugate was
synthesized and subjected to the solvation and catalysis at
different temperatures in toluene. Based on above simulations
and experiments, a comprehensive description on the
temparture responsiveness of the Cyt c-:ABA was established as
molecular fundamentals for the design and application of
enzyme-polymer conjugates for chemical synthesis in organic
media.

Materials and methods

Model

The native structure of Cyfochrome C was obtained from the
Protein Data Bank (PDB code: 1AKK'?). Coarse-grained
models of both Cyt c-ABA and Cyt ¢ with Martini force field
were established according to Marinize method'* '* as shown in
Figure 1. In brief, all coarse-grained beads of both Cyt ¢ and
PEO-PPO-PEO(Pluronic) have a mass of 72 amu, while ring
bead for toluene (SC5) has a mass of 45 amu. The total charge
of Cyt c is -9.0. The amino acids of Cyt ¢, who covalently or
non-covalently bond to HEME C, are defined as the active site
of Cytc.

All-atom model Coarse-Grained model

A

Fig.1 Molecular model for Cyt c-ABA conjugate

Here we choose Pluronic P85, which consists of 40
hydrophobic PPO units in the middle of polymer and 26
hydrophilic PEO units on each end of polymer to form ABA
type block polymer. The atomic groups of C-C-O and C(CH;)-
C-O are considered as coarse-grained beads of PEO and PPO
segments, respectively as shown in Fig. 1. The molecular
simulation of PEO-PPO-PEO has been reported in the cases of

its interaction with lipids'>!

, its function as pharmaceutical
molecules'®, and the micelle structure in aqueous solution'’.
Here the parameters of PEO and PPO, are obtained from
Samira Hezaveh!” in Martini force field based on their
atomistic model. For Cyt c-ABA conjugate, four Pluronic P85
chains were covalently attached on the Lys*’, Lys>®, Lys”> and

Lys” of Cyt ¢ with distance of 3.8 A between side chain bead
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SC2 of lysine and first bead of P85. The reason of choosing
these four lysines is that the pKa values of these lysines in Cyt
c, as calculated by H++ tool?° (http://biophysics.cs.vt.edu/), is
higher than 7.0 and thus facilitates the formation of covalent
bond between aldehyde P85 and Cyt c. A model of Cyt ¢ and
Pluronic F127, which has more PEO and PPO units, was also
built for the ease of direct comparison with experimental
results. The details were given in SI. (Fig. S8)

The organic solvent, toluene, was described by the three-
beads model proposed by de Jong et al*'.

Simulation and Analytical Method

All MD simulations were conducted with the MD software
Gromacs 4.5.4-5.0.0%. The V-rescale®
methods® were used to maintain temperature and pressure (1
bar) to the reference values with coupling time constant of 0.5
ps and 3.0 ps, respectively. The Lennard-Jones and electrostatic
interactions were smoothly shifted from 0.9 nm to 1.2 nm and
0.0 nm to 1.2 nm, respectively. The integration time step was
20 fs. During the simulations, Cyt c-ABA conjugates were
placed in the centre of rectangular box using the periodic

and Berendsen

boundary conditions. Firstly, the energy minimization was
performed to minimize the energy of conjugates in vacuum to
200 kJ-mol"-nm™. Then restricted MD with fixed position of
Cyt ¢ was performed to allow the conjugated polymer chains to
collapse to an appropriate size in vacuum. After these steps,
toluene molecules were added into simulation box as solvents,
and then energy minimization and restricted MD with fixed
position of Cyt ¢ were repeated to equilibrate solvents and ABA
chains. For the product MD simulation at a given temperature,
the starting conformation was obtained from the last few frames
of the same pre-equilibrium simulation. 2 ps product runs were
performed at given temperature and the properties were
averaged from the last 1 ps. The snapshots were drawn by
VMD 1.9.1%.

In order to get the initial conformation for the calculation
of free energy along the reaction coordinate, we used steered
molecular dynamics (SMD) simulation to pull the PEO tail
towards protein (Case 1) and separate two binding protein
(Case 2), respectively. For all the SMD simulations, a pulling
rate of 2x10”° nm-ps” and harmonic force constant of 1000
kJ-mol™'-nm* was adopted. An umbrella sampling methods was
adopted to calculate the free energy profiles of PEO tails adsorb
onto the protein surface (Case 1) and two binding conjugates
separate from each other (Case 2) at different temperature
respectively. Starting conformations for umbrella sampling
were taken from the SMD trajectory. The window width of 0.1
nm was adopted to ensure the consecutiveness of the PMF
profile. Each window of case 1 and case 2 was simulated for 50
ns, 90 ns respectively. The weighted histogram analysis method
(WHAM)* was adopted for the calculation of the PMF profile.

To obtain the aggregate size of conjugates and free Cyt c,
the criterion for calculating the size of aggregates is described
in Eq(1).

This journal is © The Royal Society of Chemistry 2012

Page 2 of 7



Page 3 of 7

"Aggregated" d. . <4.8 nm, At>0.4 ns
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"Collision" d ., <4.8 nm, At <0.4 ns
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"Separated” d.,,, > 4.8 nm

Where d,,, is the distance between centre of mass (COM) of
conjugates or Cyt cs, and A4z is the persisting time of two
conjugates or two Cyt cs attaching to each other. According the
values of d,,, and 4t, the states of conjugates or Cyt cs can
grouped into three “states”: “Aggregated state”, in which two
conjugates or Cyt cs form stable aggregates with d,,,, < 4.8 nm
and 4t > 0.4 ns, “Collision state” in which two conjugates or
Cyt cs form unstable aggregate with d,,,, < 4.8 nm and 4¢ < 0.4
ns, and “Separated state” in which conjugates or Cyt cs are well
dispersed in solution with d,,,, > 4.8 nm.

So the aggregate size is defined as the number of conjugates or
Cyt cs in aggregates. Another important parameter is the
contact number, i.e., the contact number between beads of
different conjugated Cyt cs.

To further understand the aggregating behaviour of
conjugates, the contact areas (S.) of two Cyt ¢ of aggregated
conjugates were calculated using Eq(2):
SC:%(SASA+SASB—SASA+B) )
where S, is the contact area of the two conjugated Cyt ¢ denoted
by A and B, respectively. SAS, is the solvent accessible area of
conjugated Cyt ¢ A, assuming that only Cyt ¢ A is in simulation
Similarly, SASp is the solvent accessible area of
conjugated Cyt ¢ B, assuming that only Cyt ¢ B is in simulation
box. SAS,.pis the solvent accessible area of Cyt ¢ A and Cyt ¢
B, assuming both of them are in simulation box. And the
calculated contact area was divided into hydrophilic patch and
hydrophobic patch according to hydrophilicity of surficial
amino acids of contact area. Moreover, we define a parameter o
, which refers to the selectivity of contact area. In toluene, the
more hydrophilic contact area is, the closer conjugates contact,
using Eq(3).

box.

o= S (hydrophilic)

* S,.(hydrophobic) G)

Experimental Section

To wvalidate the simulation, we synthesized Pluonric F127
conjugated Cyt c, denoted as Cyt c-F127, and measured its
temperature-responsiveness from both solubility and activity in
toluene, using the native Cyt ¢ as a control. Compared to P85,
conjugate F127 to Cyt ¢ has a higher yield. We also performed
the molecular dynamics simulation of Cyt c-F127 and obtained
results similar to that of Cyt c-P85, which was described in
Supporting Information.

Cyt c-F127 conjugates were synthesized using the
methods invented by our lab’. Afterwards, 0.002 mM Cyt c-
F127 in toluene was adopted for dynamics light scattering
(Malvern, NanoZZ90, ZEN3690). 1,2-diaminobenzene and tert-

This journal is © The Royal Society of Chemistry 2012
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butylhydroperoxide are chosen to evaluate the catalytic activity
of conjugated and free Cyt c¢ in toluene, where 1,2-
diaminobenzene is oxidized by tert-butylhydroperoxide®’. A
portion (10 ml) of 50 mM 1,2- diaminobenzene in anhydrous
toluene is mixed with 1 mL 25%v/v tert-butylhydroperoxide in
toluene. Then Cyt c-F127 or free Cyt ¢ containing 0.5 mg
protein was added with constant stirring rate (200 rpm) under
different temperatures for 10 min. The specific activity (S4) is
calculated from Eq (4).
A -4 4)

SA — 470nm blank _470nm U / mg
0.1mAt

where 4479, 1S the absorbance of reacted solvents at 470 nm,
Apiank 470nm 1S absorbance value without enzyme catalysts, m is
the mass of Cyt c and At is the reaction time.

Results and discussion:

Improved stability of conjugated Cyt ¢ and activation of its
active sites by temperature

Figure 2 gives root mean square deviation (RMSD) of Cyt cs
and their active site, solvent accessible surface(SAS) for active
sites of Cyt c, as well as snapshots of both conjugates and free
Cytc.
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Fig. 2 (a) RMSD values of free Cyt c and conjugated Cyt c; (b) SAS of active sites of
free and conjugated Cyt c as a function of temperature; (c) RMSD of active sites
of free and conjugated Cyt c; (d) Snapshots for (i) conjugated Cyt c, (ii) free Cyt c
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in toluene, backbone of Cyt ¢ was rendered as purple licorice-bonds, yellow
licorice-bonds for side chains of Cyt c, transparent surface for active sites, red
points for PPO, blue points for PEO. For clarity, the pluronic chains are displayed
as dots and solvents are not displayed. Red arrows show the entrance of the
active pockets of Cyt ¢

As shown by Fig. 2(a), a less RMSD difference compared
with the initial X-ray structure indicates that the conjugated Cyt
¢ is more stable than the free Cyt c. This may attribute to the
formation of PEO layer entangling around Cyt c (details in Fig.
S1). While the hydrophobic interaction of PPO with toluene
molecules leads to a greater radius of conjugated Cyt ¢ than that
of free Cyt ¢ (details in Fig. S3). This benefits the access of
substrates into the active centre.

Fig. 2(b) gives the RMSD of active site of conjugated Cyt
¢ and native Cyt c at different temperatures. It is shown that
when temperature is below 293 K, the active site of conjugated
Cyt ¢ has a negligible difference compared with the X-ray
structure. When the temperature is above 293 K, however, the
RMSD of the active sites of conjugated Cyt c undergoes a
dramatic increase. And the difference in RMSD of the active
site between conjugated Cyt ¢ and its free counterpart at high
temperature suggests that that the structure of active sites is
distinct from the its free counterpart and the original x-ray
structure. Fig. S4 gives the RMSF results of active sites of
conjugated Cyt c and native Cyt c at different temperatures. It is
shown that active sites of conjugated Cyt ¢ undergoes less
fluctuation, indicates active sites of conjugated Cyt ¢ is more
stable than its free counterpart.

The solvent accessible area of active site of conjugated
Cyt ¢ and its free counterpart are shown in Figure 2(c). It is
shown that the conjugated Cyt ¢ has a larger SAS than the free
Cyt ¢ and the ratio of conjugated Cyt c to free one raises from
1.2 to 1.5 when temperature increases from 233 K to 313 K.
This suggests that the elevation of the conjugated Cyt ¢ activity
in response to temperature can be attributed to the increased
accessible channels for substrates when temperature increases.
Combining Fig. 2(b), Fig. S4 and Fig. 2(c), the active sites of
conjugated Cyt c could be everted and keep stable, thus be
more accessible to substrate in response to an environmental
temperature rise, Here we named this eversion conformation as
“activated states”.

Fig. 2(d) gives the snapshots of the conjugated Cyt ¢ and
free Cyt c at different temperatures. It is shown that conjugated
Cyt ¢ maintains correct secondary structure when temperature
rises from 233 K to 313 K. However, the backbone of the free
Cyt ¢ squeezes and unfolds at 313 K. This may attribute to the
repulsive interaction between hydrophilic Cyt ¢ and
hydrophobic toluene molecules, which leads to the compact
structure of free enzyme, despite that enzymes are usually more
stable in anhydrous environment than in water. Compared with
the free Cyt c, the conjugated Cyt ¢ maintains the correctly
folded conformation at the companion of Pluronic P85. More
interestingly, the active site shown in transparent surface of
conjugated Cyt ¢ turns to be a more opened status at 293 K or
higher temperatures, this facilitating the access of substrates(as
shown in red arrow, Fig 2(d)).

4| J. Name., 2012, 00, 1-3

Pluronic chain Entangled around Cyt c in toluene at different
temperatures

We firstly simulated the self-assembled structure of conjugates
to explore, firstly, how the structure of the conjugates affects
the stability and activity; secondly, at what condition the
conjugates assemble or disperse in a given solvent and, finally,
how the conjugate responses to temperature.

As shown in Fig. 3(a), the inner PEO segments adsorb
onto the surface of Cyt ¢ while PPO segments expose to
toluene, as we expected. The driving force for this assembly is
hydrophilic interaction between PEO segments and surficial
hydrophilic amino acids of Cyt ¢ since PEO segments are
relatively more hydrophilic than PPO segments®®. On the other
hand, the hydrophobic PPO segments prefers the weak-polar or
apolar environment and thus extends in toluene.

As shown in Fig 3(a), PEO tails of conjugated Pluronic
P85 tend to form the ordered hairpin structure at 233 K. At a
higher temperature, PEO tails entangle onto the protein surface.
The ordered parameter of PEO tails (as shown in Fig. S5)
decreases remarkably when temperature increases from 233 K
to 253 K, indicating the dissociation of the hairpin structure,
which is important for the aggregating of conjugated Cyt c at
low temperature. The detailed discussion will be given the
following section.

[ —233

—313

o O deltaG from “separated” to "entangled” state

delta G (KJ/mol)

60 . L " .
220 240 260 280 300 320
Temperature (K)

(c)

Fig. 3 (a) the geometry of the conjugates; (b)PMF curves of pulling PEO tails
towards protein at different temperatures;(c) Relation between Gibbs free
energy difference and temperature

The free energy changes of PEO tails to move from the
distant position towards the protein surface under different
temperatures were calculated using PMF method. As shown in
Fig 3(b) and Fig 3(c), the energy barrier for PEO tails to move
from the distant position towards the protein surface is almost
linearly decreases as temperature increases as Eq(5) describes.

This journal is © The Royal Society of Chemistry 2012
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It means PEO tails could move towards the surface of Cyt ¢
spontaneously, when temperature is raised to 253 K or even
higher. However PEO tails need to overcome the energy barrier
of 22.77 KJ/mol to reach the surface of Cyt c¢ at low
temperature. These quantitative results agree with the different
assemble structures of PEO tails under different temperatures.
that the
responsiveness is determined by free energy barrier for PEO

Moreover, these results illustrate temperature
tails from distant position to the surface of protein at low
temperature. That is, the aggregating of PEO segment at low
temperature is the driving force for precipitation of conjugated

Cytec.

Aggregation of two Pluronic-conjugated Cyt ¢ molecules

The aggregation of Pluronic-conjugated enzyme at a lower
temperature facilitates the recovery of the enzyme catalyst after
the reaction. While the protein aggregation is extensively
investigated, the aggregation of Pluronic-conjugated protein in
organic solvents is, to our knowledge, not addressed by far.
Here we started by simulating the aggregation of two Pluronic-
conjugated Cyt ¢ molecules in toluene. The yield of aggregate
from 10 times randomly positioned simulation was 10% at 233
K and 0% at 313 K. And as shown in Fig. S6, the criterion for
aggregation is 4.8 nm. That is, when COM is below 4.8 nm, the
two conjugated Cyt c forms aggregate.

The aggregation behaviour of two conjugated Cyt cs were
simulated by pulling them from the aggregated state to a
separated state. Through analysis of pulling trajectory, results
show that the PEO segments bridge the two conjugated Cyt cs
during pulling process and get in the way of the dispersion of
conjugates as shown in Fig 4.

500 |

Totally separated |
sate 1

PMF (KJ-mol)

Aggregated
state

e e

| US——

2 4 6 10 12 1
distance_cytc1-cytc2 (nm)

16

Fig. 4 PMF curves of pulling two conjugates separately at different temperatures

Next, free energy barriers were calculated along the
reaction coordinate by above-mentioned PMF method. Free
energy changes from aggregated state to totally separated state
of two conjugates are defined as aggregation energy in our
research. Thus, the PMF curves in Fig 4 show that the
aggregation energy decreases from the highest 502.76 kJ/mol at
233 K to 321.20 kJ/mol at 273 K and finally reach the lowest
236.22 kJ/mol at 313 K, which account for only 47% of
aggregation energy at 233 K.

This journal is © The Royal Society of Chemistry 2012
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It could be concluded that the free energy barrier from the
aggregated state to separated state is higher at lower
temperature, indicating that low temperature favours the
aggregation of conjugated Cyt c. This may attribute to
intensified hydrophilic interaction between protein surface and
PEO segments, and meanwhile, weakened thermal motion.

Aggregation of four conjugated Cyt ¢ molecules

We further simulated the aggregation of 4 Cyt c-Pluronic P85
conjugate biomolecules at 233 K and 313 K, respectively. The
results are shown in Fig 5. We firstly analysed RMSD of each
Cyt c at 233 K and 313 K as shown in Fig 5(a) and Fig. 5 (b). It
is shown that RMSD of conjugated Cyt ¢ turns to be flat during
the initial 200 ns and keep constant, i.e., 6.6 A on average at
233 K and 11.7 A on average at 313 K, respectively. This is
consistent with that determined in single conjugated Cyt c
system, as shown in Fig 2(a). The average RMSDs of four free
Cytcare 11.9 A and 14.9 A at 233 K and 313 K, respectively,
which are also the same as those determined in a single-Cyt ¢
system. However, RMSD values of the single Cyt ¢ fluctuate
more intensely during the whole simulation, indicating that,
compared to single-enzyme system, Pluronic-conjugated Cyt ¢
is more stable.

The average contact number between amino acids of four
Cyt ¢ (criterion is 0.6 nm) was calculated and shown in Fig
5(c). It shows that contact number of conjugates is much
smaller at high temperature, indicates the aggregation
behaviour of conjugates is temperature responsive and the
conjugates is dispersed better at high temperature. This agrees
with temperature-responsive self-assembled conformations of
single conjugate and temperature induced different free energy
barriers to separate two binding conjugates, as described in Fig

[ No.1 free Cyt ¢ [EEINo.1 conjugated Cyt ¢

xo.g :res gy: c : 18I @ No.2 conjugated Cyt ¢
0.3 free Cytc 16 No.3 conjugated Cyt c
[EINo.4 free Cyt c 149 _[E _ = i Y

[CINo.4 conjugated Cyt c

233 313

Temperaure (K) Temperaure (K)

(a) (b)

233 K
313K

positive
temperature
responsiveness

Contact number

Free Cytc

Conjugated Cyt ¢
(c)
Fig. 5 Root mean square deviation (RMSD) values of (a)free Cyt c and (b)

conjugated Cyt c; (c) Contact number for both conjugates and free Cyt c at
different temperatures;
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Based on Eq(1), the average aggregate size was calculated
and shown in Fig. S7(a). And the same conclusion could be
inferred that the aggregating behaviour of conjugates is
temperature responsive and the conjugate is dispersed better at
high temperature. The size of the free Cyt c is large than 2 at
both a low and high temperature, indicating that the solubility
of free Cyt ¢ is poor in non-polar organic media, as
experimentally observed elsewhere®.

Experimental validation

Fig 6 shows the average size of F127-Cyt ¢ determined by DLS
as a function of temperature. Fig 6(a) shows that the average
size of F127-Cyt ¢ decreases from 1287 nm to 45.6 nm, almost
linearly when temperature increases from 273 K to 313 K,
which agrees well with the simulation results shown in Fig.4
and 5.

Fig 6(b) displays the activity of both free and conjugated
Cyt c in toluene. It is shown that the optimal temperature for
enzymatic catalyst is 293 K, a reduction of apparent activity
when temperature is above 293 K is observed for both free and
conjugated Cyt c, this may be attributed to the thermal
deactivation®. Notably, a sharp increase in the activity ratio of
Pluronic F127 conjugated Cyt c to free one from 4.0 to 7.5 is
obtained when temperature increases from 303 to 313 K. This,
we believe, can be attributed to, firstly, an improved dispersion
of the conjugate, as experimentally observed (Fig. 6(a)) and
simulation (Fig. 4 and 5.), and secondly, the activation
effects(Fig. 2).
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Conclusions

The present study has shown, by molecular dynamics
simulation, that Pluronic P85 conjugated Cyt ¢ is more stable
than free Cyt c in toluene, in which PEO segments tend to
entangle around hydrophilic surface of Cyt ¢ while PPO
segments extend to toluene. The increase in temperature from
273 K to 313 K led to an transition of the active sites of
conjugated Cyt c from “inactive state” to “activated state”,
which is more accessible to substrate. The free Cyt ¢ does not
show such phenomena. It is also shown that, at a low
temperature, PEO tails tend to form the ordered hairpin
structure away from Cyt ¢ and thus favours the formation of
large aggregates. This thus hindered the access of substrate to
the active sites of the conjugated Cyt c but facilitated the

6 | J. Name., 2012, 00, 1-3

recovery of conjugates after the reaction. At a high temperature,
PEO tails tend to entangle onto the protein surface driving by
hydrophilic interactions and thus facilitated the dispersion of
conjugates and the access of substrates to the active site. The
experiments confirm an improved dispersion of Cyt c-Pluronic
F127 conjugates in toluene, and simultaneously, greatly
enhanced activity, in response to temperature increases, as
predicted by molecular simulation. The present work offered a
molecular insight of the temperature responsiveness of protein-
ABA copolymer, as represented by Cyt c-Pluronic, which can
be applied for the design and application of enzyme-polymer
conjugates.
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