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Engineering of a Uricase-Catalase Fusion Complex via Domain—Specific
Cross—Linking: A Novel Strategy for Hyperuricemia Treatment

Jong—Ha Park

Department of Chemical Engineering, The Graduate School,
Pukyong National University

Abstract

Hyperuricemia is a metabolic disorder caused by abnormal purine
metabolism, leading to excessive accumulation of uric acid in the body. It is
closely associated with chronic conditions such as gout, kidney disease, and
cardiovascular disorders. Among the therapeutic approaches, uricase—based
enzyme therapy has gained attention for its ability to degrade uric acid.
However, the enzymatic reaction also produces hydrogen peroxide (H> O; )
as a byproduct, which acts as a reactive oxygen species (ROS) and induces
cytotoxicity and tissue damage. This oxidative stress has emerged as a critical
unmet need in current uricase therapy. To address this limitation, we
developed a modular enzyme complex strategy that enables spontaneous
assembly of uricase (UOX) and catalase (CAT), an H, O, —degrading enzyme,
without direct fusion. While conventional fusion or nanoparticle—encapsulation
methods often suffer from structural rigidity, reduced enzyme activity, and
poor reproducibility, our approach utilizes coiled—coil leucine zipper motifs
attached independently to each enzyme to mediate selective, reversible
interactions under physiological conditions. Furthermore, cysteine mutations
were introduced to enhance the binding affinity between the motifs. The
formation of the UOX-CAT complex was confirmed through biophysical
characterization using size—exclusion chromatography (SEC) and dynamic
light scattering (DLS). Functional analysis revealed that the coiled—coil—
mediated enzyme complex significantly improved both uric acid degradation
and H, O, elimination even at low enzyme concentrations, with nearly
complete removal of H, O, achieved. In cell-based assays using HCT116
colorectal cancer cells, the modular complex effectively protected against

vil



H, O. —induced cytotoxicity, leading to improved cell viability and marked
reductions in apoptosis—related indicators such as TUNEL and PI staining.
These findings demonstrate that our modular assembly strategy can overcome
the limitations of conventional uricase therapies by enabling efficient
detoxification of harmful byproducts while preserving the native structure and
function of each enzyme. This platform technology holds potential not only for
the treatment of hyperuricemia but also for broader applications in multi—
enzyme cascade systems in therapeutic and industrial contexts.
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(hyperuricemia)

(purine metabolism)

(uric acid) : (gout),
(renal stone), ,
[11. [2]. ,
[3].
(xanthine oxidase) ( : allopurinol, febuxostat)
(uricosuric agents, : probenecid) ,
(uricase, UOX) (
pegloticase) [4], [5]
UoXx (allantoin) (hydrogen peroxide,
H, O: ) [6].
UOX
H, O; , (reactive
oxygen species, ROS) ,
, DNA , (apoptosis) (fibrosis)

[7]. [8].

H. O

, UOX



UOX

(catalase, CAT)

UoX CAT
[9], (polymer scaffold)
cascade (cascade reaction) [10], [11].
, (fusion)
(stereochemical interference)
[12]. UOX CAT

(active site) ;

, (immune response)

[13]. ;

[14]

, cascade



) H2 02

" (modular assembly)"

(leucine zipper) coiled—coil motif ,
[15]. 7
(heptad repeat) ; (Leu)

€ g

(heterodimer)

[16].

(cysteine) (disulfide bond)

in vivo



, UOX CAT coiled—caoil
(ze™®  Zr%®) ,
Size—exclusion
chromatography(SEC) Dynamic Light Scattering(DLS)
, uric acid
H, O- . , 5 nM
cascade
HCT116

, confocal microscopy
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1.

(Uric Acid) (Hyperuricemia)
1.1
(uric acid) (purine) ,
(nucleotide)
(adenine) (guanine) DNA RNA
; (hypoxanthine),
(xanthine) [17].
Figure 1 (hepatocyte) ,
(xanthine oxidase, XO) ,
[18].
( 3572
mg/dL) [19]. ,

7.0 mg/dL,

[20].

(hyperuricemia) ,

6.0 mg/dL



(cell lysis)

, (tumor
lysis syndrome) : [20].
( : )
(sodium urate)
, (gout) (uric acid
nephrolithiasis) [22]. ,
[23].
(oxidative
stress) , ) )
, (xanthine
oxidase inhibitors) (uricosuric agents)



Purine-rich food Fructose-rich food

Obesity Tumor lysis
syndrome

RooiionBEERR L . . @) | Purine metabolism

especially beer

Kidney Malignancies F

Purine

|

Inosine

|

Hypoxanthine

|

Xanthine

|

Uric Acid

|

Hyperuricemia

Figure 1.



1.2.

therapy)

1.2.1.

1.2.2.

1)

(hyperuricemia)

(gout), ,

(non—pharmacological

(pharmacological therapy) [25].
«

) ,
[26].
[27].
(xanthine oxidase)
(allopurinol) (febuxostat) ,
[28].



2)

(uricosuric agents)

(probenecid)

[28].
3) - UOX
UOX
UOX
(allantoin)
uricase
[29]. UoX
(pegloticase) ,
PEG( )

[30].

UoX

[29].
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[30].
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2. (Uricase, UOX)

(uricase, UOX)
(allantoin) (hydrogen peroxide, H. O; )
(oxidase)
, , UoX
UOX [30].
. UOX (tetramer)
, (subunit) 34 kDa : a —
(a —helix) B - (B —sheet)
, (active site)
[31]. UOX
(cofactor) , ©2 )
— (non—metal dependent
oxidase) . UoX ,
Hz O

12



[32]. UOX

UOX
UOX
H. O
(reactive oxygen species, ROS)
, (lipid peroxidation)
(apoptosis) [33].
, H2 O
(fibrosis),
UOX
H. O
[34].
UOX
UoX H; O (catalase )
H. O

13

cascade



, H2 O2
[°].

, UOX

Hz O:

UOX

14



3. (Catalase, CAT)

(catalase, CAT) (hydrogen peroxide,
H, O; ) (water, H, O) (oxygen, O, ) ,

(oxidative stress)

. CAT (reactive oxygen species, ROS)
, H. O
[35].
CAT , , ,
H, O ; (hepatocytes),
(kidney), (red blood cells), (peroxisome)
[36]. B -
H. O:
CAT 4 (tetrameric enzyme)
: 55~60 kDa [37].
(heme) : H, O-
. H, O
1. H, O, : (Fe3)

(compound I)

15



2. Hz O
(H2 O) (02 )
CAT
: (turnover rate)
[35].
CAT

(lipid peroxidation), DNA :

H2 02

(apoptosis)

(necrosis) [33].
CAT
: (superoxide dismutase,
SOD) (superoxide, O, ) H: O; , CAT
H, O cascade
CAT ROS ,
[38].
, UOX H. O

16



CAT

Hz O

CAT

H. O

UOX
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4. Coiled—coil

Coiled—caoil a— (a—helix)
(motif)
, (specificity)
(directionality) [39].
Coiled—caoil heptad repeat 7
a, b,cde fg ,
a d (hydrophobic) , (leucine)
(valine) [40].
o— (hydrophobic interaction)
(double helix)
e g ( )

, (electrostatic interaction)

(leucine zipper) coiled—caoil ,
(transcription factor)
[41]. 7

N (Figure 2).
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(heterodimer) (homodimer)

Coiled—coil

(cascade reaction)

, (modularity) ,

[42].
coiled—caoil
UoOX CAT coiled—cail
UOX Hz O: CAT
cascade
, coiled—caoil ,
(disulfide bond)

(Figure 3).

19
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[43].

Figure 2. Coiled—cail
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Catalase

Leucine Zipper

(CAT)

Figure 3. UOX/CAT
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(hyperuricemia)

, (gout),
UOX
(allantoin)
UOX
) H2 02
H, O (reactive oxygen species, ROS)
DNA
(apoptosis) (necrosis) :
(fibrosis) ,
H2 02
, UOX CAT
l H2 02
.CAT H, O

22
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H. O2

UOX H. O CAT cascade

cascade

] H2 02

(fusion protein)

: (stereochemical

interference)

(modular assembly)

(leucine zipper) coiled—caoil , UOX

CAT

, coiled—caoil (cysteine)

(disulfide bond) ,
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1. UOX CAT coiled—coil

2. coiled—coil H, Oz cascade

3. H, O

H. O:

24



E. coli SHuffle T7 New England
Biolabs (Ipswich, MA, USA)
Ni—NTA agarose Qiagen (Valencia, CA, USA) ,
Amicon Ultra centrifugal filter (10 kDa cutoff)

Merck Corporation (Darmstadt, Germany)

polyacrylamide gel Thermo Fisher
Scientific (Waltham, MA)  the XCell SureLock™ Mini—Cell system
. 12% polyacrylamide gel

hand—cast

plasmid extraction kit gel

extraction kit  Bioneer (Daejeon, Korea)

His—tagged purified anti—6x His primary
antibody BiolLegend (San Diego, CA, USA) , SDS—
PAGE SDS—PAGE loading buffer Coomassie Brilliant
Blue BIOSESANG (Yongin, Korea)

25



HisPur Ni—NTA Resin

ThermoFisher Scientific Korea (Seoul, Korea)

Sigma—Aldrich

(St. Louis, MO, USA)

26



2.1.

gel matrix
, (size), (charge),
(conformation)
[44]. SDS—
PAGE Native PAGE
SDS—

PAGE(Sodium Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis)

SDS( ) 1 ,
[45].
SDS ,
, . SDS—
PAGE (molecular weight)
12% polyacrylamide gel
SDS (DTT B —mercaptoethanol)
loading buffer 95° C 5 , gel

27



120V
Coomassie Brilliant Blue

SDS—-PAGE , )

Native PAGE(Native Polyacrylamide Gel Electrophoresis)

3 4 ,
, (oligomer) ,
[45]. SDS ,
gel matrix
12% polyacrylamide gel Native PAGE
, non—denaturing loading
buffer gel . 120V 2

, Coomassie Brilliant Blue

28



2.2. UV/Vis

UV/Vis (Ultraviolet/Visible spectrophotometry) v,
200-400 nm) (Visible, 400-700 nm)
' (absorption)

(Figure 4).

(electronic transition) ,
(excited state)

[46]1[47].

(absorbance, A) ) -

(Beer-Lambert law)

. (molar absorptivity coefficient,

L-mol *.cm 1),

. (mol-L 1),

29



. (path length, cm)

, (standard curve)

UV/Vis ,
) 280 nm
[48]. :
)
reference(blank)
) microplate
(linearity), (detection limit)
,  UV/Vis

30

[48].

, NADH

cuvette(



Monochromator

\

Light Entrance Dispersive Exit
Source Slit Element glit . Sample Detector

Figure 4 UV/Vis [49].
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2.3.

(Size—Exclusion Chromatography, SEC)

(molecular size)

(three—dimensional structure) (hydration)
[50].
SEC (polymeric porous)
(column) (Figure 5).
(pores) )
(diffusion)
[51].
(steric exclusion) : (adsorption)
SEC

(void volume, )
, (total volume, )

(elution volume, )

32



(standard calibration curve)

[51].
SEC
: (globular)
(fibrous)
SEC )
(hydrodynamic  volume)

[51].

SEC

(oligomerization) , (complex)

33



000

Oo. e@@Q 3

Retention time

?suequosqy

(Size exclusion chromatography,

Figure 5.

[52].

SEC)
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2.4.

(Dynamic Light Scattering, DLS)

(Brownian motion)

(hydrodynamic diameter)

.DLS

[53]. -
autocorrelation function) :
coefficient, ) ,
Einstein [53],

=3T[

35

[53].

(time
(diffusion

Stokes-



DLS

DLS

coiled—coil

36

(nm)

(polydispersity)

(hydrodynamic diameter)

UOX-CAT

DLS



2.5.

(Confocal Laser Scanning Microscope,
CLSM) (focal plane)
(high resolution) (high contrast)
(Figure 6).
out—of—focus light )

[54].

(focusing) :
(pinhole)
, (out—of—focus
fluorescence) ]
z— ( ) (optical
section) ,
[54].
(point—by—
point)
(fluorescence emission) ,
[54].

(fluorescent probe) (dye)

37



, 405 nm, 488 nm, 561 nm, 633 nm

(optical sectioning)
, (background noise)
, (signal—to—noise ratio)
(3D reconstruction) 4

[54].

(fluorescence resonance energy transfer, FRET)
(apoptosis)
, DNA (TUNEL assay),

caspase )

HCT116

, cascade H, O

38



bod
Excitation e
Aperature L 'L P<«Objective Lens

Focal Planes <E

Figure 6. [55].
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2.6. TUNEL PI

(apoptosis) (necrosis)

DNA TUNEL(TdT -
mediated dUTP Nick—End Labeling) assay |,

Propidium lodide(PI)

TUNEL assay apoptosis DNA
: DNA

(endonuclease)

DNA 3'—
hydroxyl group . TUNEL assay 3'—
OH (Terminal deoxynucleotidyl Transferase,
TdT) (BrduU)
, —BrduU (
) DNA
[56]. apoptosis DNA

40



, Propidium lodide(PI)

. Pl ,
, Pl
DNA ,
[57]. PI late apoptosis necrosis
TUNEL assay Pl
. TUNEL assay apoptosis
, Pl late apoptosis
necrosis
, Hoechst 33342 (nuclear stain)
TUNEL Pl
: apoptosis
TUNEL assay, PI , Hoechst

41



3.1.

pQE  pRSF1
; (ampicillin)
(kanamycin)
, PRSF1—mCherry pQE—sfGFP

, coiled—cail

. PRSF1—
mCherry—SYNZIP1, pRSF1-mCherry—Ze, pRSF1-mCherry—E5,
PQE—-sfGFP—-SYNZIP2, pQE—-sfGFP—-Zr, pQE-sfGFP—-K5
polymerase chain reaction (PCR) restriction—free cloning
In—Fusion cloning . coiled—caoil

mCherry sfGFP C ,

, Site—Directed
Mutagenesis (SDM) a d
Cysteine
: pRSF1—mCherry—SYNZIP1%®,

pRSF1—mCherry—Ze®®, pRSF1-mCherry—E5%%, PQE—sfGFP—

42



SYNZIP2%®, pQE—sfGFP—Zr®, pQE—sfGFP—K5%°

cys Cysteine

UOX CAT

PRSF1-UOX, pRSF1-UOX~-Ze, pRSF1-UOX—-Ze%*, pRSF1-UOX—
CAT, PpQE-CAT, pQE-CAT-Zr, pQE-CAT-Zr®®
restriction—free cloning -
coiled—caoil

SYNZIP1/SYNZIP2, Ze/Zr, E5/K5 coiled—caoil

(Bionics Korea)

(Sanger sequencing)

43



3.2.

E. coli SHuffle Express

(100 p g/mL) (50 p g/mL)
2x YT 37 overnight
1:100 2x YT , 220
rpm main culture
ODsoo = 0.8 , 1. mM IPTG (isopropyl B—D-—

1—thiogalactopyranoside)

30 24 . 18 , 30 ,
37 :
6000 rpm 10
lysis buffer (50 mM sodium phosphate, 300 mM NacCl,
10 mM imidazole, pH 8.0) , 1 mg/mL lysozyme
4 30 : sonication 10
10 , 12,000
rpm 30 : Ni—
NTA agarose beads 4 30 His—tag

44



gravity —flow beads
, wash buffer (50 mM sodium phosphate, 300 mM
NaCl, 30 mM imidazole, pH 8.0) . elution
buffer (50 mM sodium phosphate, 300 mM NaCl, 250 mM imidazole, pH

8.0)

Amicon Ultra centrifugal filter (10 kDa cutoff)
: sodium phosphate buffer (pH 8.0)

20

Ze™s  Zr®® 1 , Superdex
200 Increase 10/300 GL (Size—
Exclusion Chromatography, SEC)

PBS(pH 7.4) : 0.8 mL/min

45



3.3. SDS—-PAGE

SDS—
Polyacrylamide Gel Electrophoresis(SDS—PAGE)
3ug sample buffer
reducing sample buffer

0.05 M Tris—HCI (pH 6.8), 10% glycerol, 2% SDS, 0.05%

bromophenol blue, 0.1 M DTT , non-—
reducing sample buffer 0.1 MDTT
95 5 , 12%
resolving gel 4% stacking gel polyacrylamide gel ,
150 Vv 100
gel  Coomassie Brilliant Blue 3
, 20% (v/v), 10%
/v) (destaining solution)

46



3.4. Native PAGE

Native
Polyacrylamide Gel Electrophoresis(Native—PAGE)
SDS DTT sample buffer(60 mM Tris—HCI,
50% glycerol, 0.02% bromophenol blue) , 12%
acrylamide non—denaturing gel . SDS
25 mM Tris, 192 mM Glycine (pH 8.8) running

buffer , 120V 2

running buffer

" (mCherry, sfGFP)
gel 312 nm UV
, gel Coomassie Brilliant Blue G—
250 , 20%
w/v), 10% w/v) (destaining

solution)

47



3.5.

(Size—Exclusion Chromatography, SEC)

Superdex 200 Increase 10/300 GL (Cytiva)

, YL HPLC System (YL9100S HPLC, Young Lin Instrument)

SEC

pH 7.4)

, 0.8 mL/min

500 p L

280 nm

Ze®™®  Zr®®
SEC

fraction

48

PBS (phosphate —buffered saline,
, 0.22 ym

PBS

1 Ni—NTA

fraction

, downstream



3.6. UV/Vis

UV/Vis
(UOX, CAT) (UOX/CAT)
cascade
293 nm
293 nm ,
UOX
60
H. O: Amplex Red Hydrogen Peroxide/Peroxidase

Assay Kit (Thermo Fisher Scientific, USA)

. H O 60 )
90 5
Amplex Red 25 ) 30
, 535 nm (excited) 590 nm
(emission) . Amplex Red H, O:
peroxidase (resorufin) ,
H. O

49



Hidex Sense microplate reader (Hidex, Turku, Finland)

96—well microplate . 100up L
, 3
25
UV/Vis UOX , CAT
UOX/CAT cascade

50



3.7.

HCT116

96—well plate  well 1.0 x 104

cells seeding , 24
, well 100 y M
(configuration) . 5 nM ,
UOX , CAT , UOX, CAT , coiled—coil
UOX/CAT
24 : WST Plus—
8 (Cell Proliferation Assay Reagent) . WST Plus—-8
2 , 450 nm
PBS (control group)
normalization . , PBS 100%

Hz O

51



3.8. Apoptosis

apoptosis TUNEL(TdT-

mediated dUTP Nick—End Labeling) assay PI(Propidium lodide)

HCT116 Millicell® EZ Slide (Merck Millipore, USA) well
1.0 x 104 cells seeding , 24
100 u M

(configuration)

TUNEL assay DNA apoptosis
APO-BrdU™ TUNEL Assay Kit, with Alexa Fluor™ 488
Anti—BrdU (Thermo Fisher Scientific, USA)
24 4 4% paraformaldehyde ,

permeabilization TdT ,

anti—BrdU TUNEL
Hoechst 33342 . confocal
microscope , TUNEL

Pl
late apoptosis necrosis

5p g/mL Pl 15 , PBS

52



Hoechst 33342 . Pl confocal

microscope :
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1. Coil—-

Coiled—coil

SYNZIP1/SYNZIP2, Ze/Zr, E5/K5

heptad repeat ,

, Table 1
downstream ,
mCherry sfGFP
, mCherry pRSF1 , SfGFP pQES8O0
C N His6—tag
GGGGS ,
Figure 7
AlphaFold2 ,
PyMOL (Figure 8). sfGFP

54



sfGFP,
C- His tag , mCherry
mCherry,

a —helix ,
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Name

AA sequence

SYNZIP1
SYNZIP2

Ze
Zr

ES
K5

NL VAQLENE VASLENE NETLKKK NLHKKDL IAYLEKE IANLRKK IEE
AR NAYLRKK IARLKKD NLQLERD EQNLEKI IANLRDE IARLENE VASHEQ

LEI EAAALEQ ENTALET EVAELEQ EVQRLEN IVSQYRT RYGPL
LEI RAAALRR RNTALRT RVAELRQ RVQRLRN EVSQYET RYGPL

EVSALEK EVSALEK EVSALEK EVSALEK EVSALEK

KVSALKEK VSALKEK VSALKEK VSALKEK VSALKE

Tablel. Coiled—caoil

56



Y T5 promoter

N [ mChemy = GGGGS x 2 = SYNZIP1 b= His6 |

-~
‘ <2~ [ GaGas x 2 Ze bl His6 |
I N e e —

T7 promoter
/- p

r & [ Hise HL  siGrP /AH GGGGS x 3 | SYNZIP2

P
-

TS | His6 | SfGFP = GGGGS x 3 [ K5

Figure 7. -
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Figure 8. AlphaFold2 - 3

. a) sfGFP b) mCherry
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mCherry sfGFP —
pRSF1-BAD pQESOL E. coli SHuffle
IPTG ,
(30 ,24 ) . ,

Hiss—tag Ni—NTA

SDS—-PAGE
(Figure 9). Lane mCherry—SYNZIP1, mCherry—Ze, mCherry—

ES5 sfGFP-SYNZIP2, sftGFP—-Zr, sSftGFP—-K5

(Figure 10). sfGFP , mCherry

59



60



kDa
70~
56~

35~

28~

Figure 9.

61

SDS—-PAGE



Figure 10. .
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_ Native—PAGE

(SEC) . Native—PAGE (Figure

11) sfGFP mCherry
: (sfGFP)
(mCherry)
, SEC (Figures 12-14)
SYNZIP1/SYNZIP2, ZelZr, E5/K5
(Figure 12-14). SEC
association—-dissociation
in vitro , (in

Vivo)

63



heptad

(disulfide bridge)

cysteine

64



(D)

Figure 11. Native PAGE.
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A280 (mV)

140
120 -
100-

80-

60 -

|—— mCherry SYNZIP1/sfGFP_SYNZIP2
—— mCherry SYNZIP1
sftGFP_SYNZIP2

0 20 40 60 80 100 120 140

Retention Volume (ml)

Figure 12. SYNZIP1/SYNZIP2 SEC
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A280 (mAu)

140
120 -
100 -

= =2 o
) ) <
[ B

| —— mCherry Ze

—— mCherry Ze
stGFP_Zr

/sfGFP_Zr

!

20 40

60 80 100 120 140

Retention Time (min)

Figure 13. Z

elZr SEC
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140

|—— mCherry_E5/sfGFP_K35
120 {— mCherry ES
sfGFP_K35
~ 100 -
= ]
E 80 -
Nl ]
S 60-
~ ]
2 ..
20 -
0-|="7 Y ¥ T T T T T T
0 20 40 60 80 100 120 140

Retention Time (min)

Figure 14. E5/K5 SEC
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Native—PAGE , SEC

cysteine (disulfide bond)

Cys mutation

, coiled—coil  hydrophobic core a d
[58][59][60].
, coiled—coil
mutation

68



[61][62].

stapling ,
[61].
d cys
mutagenesis(SDM)
Table 2
Cys mutation
sfGFP , 6x His—tag

SDS—PAGE (Figure 15)

cys mutation

69

disulfide

C- a
site—directed

cys

mCherry



Name

AA sequence

SYNZIP1oys
SYNZIP2¢ys
Zeors
Zrors
E5ers

K&oys

NL VAQLENE VASLENE NETLKKK NLHKKDL IAYLEKE IANLRKK CEE
AR NAYLRKK IARLKKD NLQLERD EQNLEKI IANLRDE IARLENE CASHEQ

LEI EAAALEQ ENTALET EVAELEQ EVQRLEN IVSQYRT RCGPL
LEI RAAALRR RNTALRT RVAELRQ RVQRLRN EVSQYET RCGPL

EVSALEK EVSALEK EVSALEK EVSALEK EVSCLEK

KVSALKEK VSALKEK VSALKEK VSALKEK VSCLKE

Table 2. coiled—coil
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Cys coiled—coil®®

, Native—PAGE (SEC)

Native—PAGE (Figure 16)

(SYNZIP1%S/SYNZIP2%®, Ze™S/Zr®°, E5%°/K5%°)

cys

2e%°/Zr®® ESYS/K5Y®
sfGFP mCherry
SYNZIP1%%/SYNZIP2°¥®
cys
SEC

(Figures 17-19). SYNZIP1%®/SYNZIP2%®

, EB¥/K5%*
peak

2e%5/Zr%Ys
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SEC

Figure 20 SEC , Figure 21
uv Peak 2
VARAIVA il
Figure 22 Native—PAGE
Peak 2 ,
SEC VACRAI VA el

Ccys mutation

Ze*°/Zr™®
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Figure 16. Native PAGE.
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Figure 17. SYNZIP1%®/SYNZIP2%* SEC
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Figure 21. UV SEC
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6. UOX_Ze™S/CAT Zr®s

6.1. UOX CAT

UOX_Ze®S/CAT _Zr®®

coil®®

, 2e¥%/Zr®

60
CAT Zr®®, cys
kinetics !
(Figure 23, 24).

2

cascade

100 UM

UOX-CAT
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(Figure 16—22)

VACRAIVA ol

. coil

UOX Ze, CAT Zr

lHZ OZ

(fusion)

10 MM H, O,

UOX_Ze®®,



6.2. : DLS

coil®®
Dynamic Light Scattering(DLS)
(Figure 25). Figure 23  Table 3
6~8 nm , UOX Ze®® CAT Zr®®
13 nm ,

coil®”®
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6.3. cascade
, G
nM) cascade UOX ,
UOX/CAT , UOX_Ze/CAT_Zr  UOX_Ze™*/CAT_Zr*®
, 100 uM 60
Figure 26 , UOX 35%
, coiled—caoil
( ZelZr, Zes/Zrs)
cascade
Figure 27 H, O,
8]0).¢ H, O, , UOX/CAT
92%  H, O ZelZr
70% H; O
, 2e™3Zr™® cys
H, O ’
, 2e¥3/Zr™® coiled—coil
cascade
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Figure 23. UOX
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Hydrogen Peroxide(%)

100

Figure 24. CAT H. O

Control CAT CAT_Zr CAT_zr¥* UOX_CAT

(10pM H, O, , 60 ).
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Figure 25. DLS UOX_Ze“®/CAT_zZr®®
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Theoretical diameter (nm) Measured diameter (nm)

UOX (tetramer) ca. 8.5 7.4
CAT (tetramer) ca. 9.5 9.7
UOX Ze%s / CAT Zrevs n.a 12.6

Table 3. DLS UOX_Ze®°/CAT_zZr®®
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, 2e™s Zres
cascade
H. O, ,
HCT116
, 100 uM 24
, apoptosis WST Plus—8
(Cell Proliferation Assay Reagent) : Hoechst,
PI  TUNEL confocal microscopy (Figure
28, 29).
, UA (PBS)
UOX H. O
28% , CAT
H. O
, 2e%5/Zr%Ys
UOX_ Ze™S/CAT Zr®s 88%

91



Confocal (Figure 29)
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