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Mode of Action of Coptidis Rhizoma Protein (CRP) and Its Activity Against
Subcutaneous Candidiasis due to Candida albicans

Jue-Hee Lee, Jin Kie Shim* and Yongmoon Han*

College of Pharmacy Dongduk Women's University, 23-1 Wolgok-Dong, Sungbuk-Gu, Seoul, Korea
*Korea Institute of Industrial Technology

Abstract — Our previous data showed the protein isolated from Coptidis Rhizoma (CRP) had antifungal activity. In present
study, we examined mode of action of the CRP and its activity against subcutaneous candidiasis due to C. albicans yeast
cells. Results showed that the CRP blocked hyphal production from yeast form of C. albicans. The CRP also activated RAW
264.7 monocyte/macrophage cell line, which resulted in nitiric oxide (NO) production from the cells. This activation seemed
to increase macrophage phagocytosis to destroy the invaders. Like other antimicrobial peptides, CRP was influenced by
jonic strength, thus resulting in a decrease of antifungal activity. In murine model of a subcutaneous candidiasis, the sizes
of infected areas of the nude mice given the CRP after subcutaneous injection of C. albicans yeast cells to the dorsal skin
were 90% less than those of the nude mice groups that received DPBS instead of the CRP. All data indicate that the CRP,
which appeared to act like an antimicrobial peptide and to inhibit the morphological transition from blastoconidia, was effec-

tive against the subcutaneous disease. -
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Candida albicans= TFIEPd Jao= HYd R €
AFLZ2E 495 X3t AAREC] A2 40%°] Eah= 8
Tolth? A7Fe SFolMe=
EAshe Wolgo] okslEd germ tubeE At HARE
A% 3k o)A efwisl= secreted aspartyl proteinase,
phospholipase 52| 484, H-21d (adherence), AIEZEHE2
] phagocytosisell thet A T g7 T8 BN A
7 ggix glom D o] FME FAMINL C. albicanss) T
WA (pathogenesis)oll 71 523 3He sh= o= deid
ATES? C. albicanss AANLAT AALL FAULE LS
M 2 B3] 9331 Aol 71 gl s uidol
o] B lon, o) Py 2 Avd Agxel |
olgjo) okslgl QrEkxle] ZvlE 7IQlskE Ao® FAHELY 7

B Rol wgk ol ARjAR
(43} 02-940-4521 (H2) 02-940-4195
(E-mail) ymhan@dongduk.ac.kr

F3 g8 Yefl(blastoconidia)®.
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B AEL Fe A o] e7Hh

B A7 old Ao, A (Coptidis Rhizoma)ollAl
&9 gla Rl C albicans) 78S AR IRT AT
9120} in-vitroS} in-vivo AJZ A NA BZE} QIvL9)
Ex)go] tigk 12 kDa?l #Flttelal (Coptidis Rhizoma Protein;
CRP)?} {7 aI= A 2R EIAEPH o R A5
£ w gAakex] AFEET Q)= fluconazole®] EFeF A &
& Aoz WA on, w3t FEAHME ALaTr} I
t}.9 g2, CRPY tavhs doll B3] CRPE 24
Y3E v Fraapt oo} vz EAQ1 doll £
AslEE ¢ 5 AT

A= Antimicrobial peptides®] & 247|142 EAE1A 1
W] grgtovt A F7kA] 4 2 FHEAed &4,
antimicrobial peptides”} 4§ %) 2(plasma membrane)e] ¥H3-&
o], 249 o-helix 72E HP =] Heldt AXTOE A3
= HA4A12) MAC(membrane attack complex)*|H poreZ &
Aol AFEQEel] 9jalo] spmjAl7| A0 xR o7 FAKE

=i =]
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& APEERE Zlog FYEnh? o] 9Jo% proteinases} o-
amylaseo]] ]38t A EIe} Tl HAbg Q) oA oyl E
21om, 13 antimicrobial peptides®] BFEHAIE- o1& 3oz o)
247 1(ionic strengthy’t F71845 SF@Ao] zhash= 2o
2 A B9

2 AFoM= C albicans?] 8R4 QA antimicrobial
peptide®] 28] 2] 4L 1#sle] CRPY C albicans®)
gt A A 2ABI C oalbicans® ¢18F s)HA o
gk CRPS] &35 S43ISIc) B o2 B Adea] AA
35 Adoks FEEES o] WRAnnE gaizido)
o] 8 F e MER WO R 7|gd).

el ALY 5846 BRslel Pl e Balgons 2
od

ME X gy

Yoz
32 (Coptidis Rhizoma)& 418 ZEAI AN AlEejokEob
BEKFDAKIA U5 AFE Tlsle] A3l

AHEE A uljd=A

& 7o o]Ae T ATl Zo)| AMEE C. albicans CA-
13} A9 strains®*192 A18-3}91 05 GYEP(glucose, yeast
extract, peptone) LA 37°CoNA 48A17F HA] wljekst 3
GYEP dAulj#}o]] £-F510 shaker incubatorolx] 53t &%
oA 24170 A W AT wljokslod 10 Al gt R
o= vlikE MEZE QAkEE91(DPBS; Dulbecco's phosphate-
buffered saline solution, Sigma, St. Louis, Mo, USA)C & A%
3te] gdile MEFEE hemocytometer® 52218 &3] 5}o]
DPBS(pH =7.4)9] 3]4lato] AMg-813ict.

&

A4 SERF)Y H9Y 452 93], Al anti-mouse
7 DA RB68C5(anti-Gr-1)& FoJ8l3ict. o] T2
32 oln] el FEE v glos] T 2 o3qae) v}
AT AMH 3FT FaanE A v ok

X

fa 4

HYSE

6~75% 2] BALB/c 9% 47 ¢} 23 nude mice(CAnN.Cg-
Foxnlnwerl strain)s Charles River Lab, NY, USAo|4 73}
of ARgEIE o) AFHEL TUBE AT filter cageselA A5}
o, HiE AME(Orent, Seoul, Korea) I B2 x}884 2
Al ST ARSS Fdzel BU)o A7) dnd AR =
AR el 1597 A-8A170 F ARSI, FEANSA
o] FRE & 2212°C, Al 50£10%2 S48k 2%
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& 1203k D0 et e w2k,

SPCHIZI(CRP)Y 25

Fuhude 2ATUe FHE WYow 22 Relely
o}, J1EkskAl 71k, 7K 50 goll 80% methanol(200 mi)
£ 718l AR AFE ShEA Aol 3U7E wAE TR
FehE 3151 J=H(TOYO No 2. Toyo Roshi Kaisha, Ltd..,
Japan)3t €8S rotary vacuum evaporator(Eyele, Tokyo,
Japan) 2.2 ¢t H%3% & DPBSE H7lste] £3st oS
dialysis tubing [MWCO=8,000 Da(Spectra/Por, Spectrum Lab.
Inc., USA)Iell Y3 et S50 thste] 4°CollA 96A17F T
& % SAAZFD-1000, Tokyo, Japan) 313th. 22 et CRP
T -20°Ce] BEshy ARSIt Wl ghgd = BCAXSE
(Pierce, USAyE ARgat] S48, ©d e o)A
of Bagh W¥} 58k ©7]19% HhH=t HPLC ¥ A}
£3191 01 912 CRP %259] endotoxin 284 o5 LAL
endotoxin kit(Timed Gel formation, Sigma)& ARE-Elo] 7 As}k
et

CRP] TAMYM (hyphal production) &{M[S2I24M

CRP] FFEHe] 28713 HAAE e, C. albicnas®) F
£ BYAAY T FHA AR A ERE 2AeIt 7
AMTEES A8l 787 (BALB/C strain)?] €38 5%% GYEP
HAef=le] 7kt CRPE 05 mg/ml 558 93 oS &
5.3 ®li(blastoconidia, yeast form)2] C. albicans(3 < 10° cells/
m)E 3E310d 37°C shaker incubator(150 rpm)lA] 1.5~2A17F
HjekFst 3, 20071 o]l AE£E hemocytometer(Hausser
Scientific Horsham, PA, USAYE AFLEle] dn|Aslla] A
A 8 S50t 3L C albicans®] #AEAS S5

= 2go] Q8o LelA gk

CRP2| macrophage 0] 2J8} Nitirc Oxide(NO) A4AA[E

CRP2] macrophage 84S FABE] 8] NO AR E B
AFolA AREshs o R o]ty B2 F1eks) 7)%st
H, RAW 264.7 monocyte/macrophage cell line [SH=A| X
3 (KCLB)]2 2X10° cellywelle] A EEE 2 96-well plates
(Falcon, USA)ell €31 A4 % welloll thoksl 55(20, 60, 80,
100, 200, 400, 600, 800 ug/mH= 34 g CRPE 100 W 37}
3t 37°C, 5% CO, #Wiek7](Vision Scientific Co., Korea)ol
A1 24, 48713F ok wiskAth G U E T wellelE= LPS
(Escherichia coli. 026:B6, L-2654, Sigma)% 1 ug/m/ $o38)53i1
S/9ulET welleli= DPBS 100 weks 3715193t 24, 48 A|17¢
g Tl AZHfFH (100 Wy A2 96-well platel] 27} @
I Griess AlFg H7kslo] 308 E<2b whAlZ) thS 550 nm
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e

. B8E

9] }gol4 microplate reader(Winooski, Vermont, USA)Z. &
B e ST BFAF AL NaNOy(Chameleon,
Osaka, Japany& AHS-310] AlET2 NO AAAEE vlw 574
skt

CRP &ZIZ=20] chst o[2M7|(jonic strength)2] Y&

o5 Antimicrobial peptides®] Ta = Zge] oAl
Qg wi= Aog By gt Yk B Aol CRPY
FRFEI} o] 279 IS wH=A] ZAE] YA CRP
2 kst 550 ZgoR A XEd &, C albicansel gt /3
FARETHE A7) 7148 SS90 2 Aasi,
CaClL2] 5= 0, 20, 40, 80, 100, 500 mM= 27t DPBSe]|
CRP?] AZF557} 2mgmlt =S Fxlste] ARg3gt o
27 wellll= DPBS 100 W2 ¥9lom BE platese 4°Cell
A 24A17F )jeFst 3 37°C incubatorollA] 48A17F wljoFEkar A
A ge] 2718 F435ch

IEIHCICIS (subcutaneous candidiasis)ofll Chgt CRP2| &%
e HY

CRPY wRaicitise) tist a2 2x18P7] 8 nude mice
o] 857 WEA|(RB68CS)E 25 mg/mouse L2 AUFAL
3 & 48A17F T o)) C. albicans(1X107 yeast cells/mouse) 2}
CRP 100 ug/mouseZ ©] A% FH-2ol sairAbslal 472
9] 712 Z74slo] CRPE FoIskA] o2 tlx#} vlwsiyitt
T AP7o2E RB68CS AR AAeHA 943 CRP9}:
C. albicansE FoI3 tI2T nude mice 15 ¥Iw3ISiTh A4
B9 A7) 4803 02 FAslel HAleisitth

XM (Ultraviolet)2] CRP &ZIZE30 Ciet YA

DRt sk CRPY &38 AR Ao, CRPY
EAGA oHIAS HAEI9)8) CRPE UVE A3t o
of SHAFAMPHIIG ALgSle] P At ZHAhoRE TALSH
St} &, DPBSol| £33t CRPE Bt FrejAldde] Wi UV-
lamp 3ollA 1, 4, 5, 10417} 59t ZAKexposure)dt ¥ 1 &7
2 sy os ZA3th UV-lampe fluorescent-typed
lamp(15 Watts; 3-8@ 312 nm; Uvitec, Korea)Z A 5.9} UV-
lamp$He) A8l 20 cmol$ o, AMHE-E CRPY F=+ 2 mg/
m/© 2 DPBSZ 34jslo] Abgslich. di welleli= DPBS
100 pRke ¥9100 BE platest 4°ColA 24717 wiekst tha
37°C incubatorol A} 48413t Al wiekst - A gk} 27]

2 23390k

Al

AR AN BFEEF A MeantS.E) O AL,

z} T 7] 891438 Student's ¢ -testE AREsto] P ko) 0.05
ujure] A9l F2Ado] e Ao Tt

dn o uF

CRP| TAEY X

CRPZ A a7 @ C. albicanss 90 ©]F dw|7s}
ol FeslE BARS w, CRPE Ael$t C. albicanss 50%
Ao AN AAER T, dAME B3E C. albicans Tl
A% ZgAHtrue hyphae) AL 27.5%% ASE widel DPBS
2 A3 SANETS A9 90%7} HAHE /383 tH(Table
D. ©]= ZoHbudding) AHZE A= o] FARH Hol= 49
7}tAHpseudohyphae) A340] CRPZ #2l¥ Aol 379
ZF ®r) 6 AE Fopd CRPY 2Hg7]H2 Azt 2h&s)
o] A% ML oAIER= A og QA Et) vHE AeAE A
o] A% A¥gAAr} H5HAE dHA R, CRP= C
albicans®) 7V %23 BRI FAMEAIS Bt 7<)

Table I - The CRP inhibits the hyphal production from blastoconidial

C. albicans (unit : %)
Forms of C. albicans (Ca) CRP-untreated CRP-treated
Hyphal-forming Ca 85.64:4.9" 275+3.7
Pseudohyphal-forming Ca 3.8+0.7 22.0+2.5
Blastoconidial Ca 10.6%1.9 50.5+6.7
Note: 'mean+S.D.
2.5 7
T
~ 2.0 1
=
2
2
3
S 1.0
a
o s el
Z 0.5 A T
0.0 r y . .
(7] /00 900 700 (900

CRP (ug/ml)

Fig. 1 -The CRP induces NO production by the macrophages
activation. RAW264.7 monocyte/macrophage cell line was
treated with various doses of the CRP, and NO production
from the macrophages were measured with use of Griess
reagents. Results showed that NO was produced from the
CRP-treated macrophages in a dose-dependent fashion.
The LPS used as a positive control resulted in NO
production of (14.0+0.87) pM.
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BAYS AR F G Ao AmHh

CRP2| macrophage £4J0f o8t NO MM =

CRPS AR A1 L et 77} o| 2ol Fa)A|xe 25t &
FEANE AE37) e A AZ (macrophages)e] 8433 o
= 2] M3}, CRPE macrophagesell #23t théof 244
b Fo A5dS FHs NO H4S £33 23, CRP=
macrophageE 43214 NOS BAMEHA 815 O] =
S & ow ANEHATHFE. 1). ST - vidks
o zlAF o7 BAE NO F5E= 045 uM o)l oz
Q) LPSE &/3tel 79 NO AL tizk 140 M AL=2
Al olth(Fig. 1). CRP2] macrophages $41L CRP2 =14
Ql A=) o3t 4] AHE AASL(Table 1 FF0Fh, 7F
3241 2% macrophageE B/J5to] ©212h8-9) SU 72 A
Ashs Zom F3Ech

S L)

l‘

Y

CRP SZIZ&20f| Chst o|2M7[e] &t

CRP2] FlFaT ol tht o) 2A7]9) F& ZANA Ca??
ol 22| FE7} Tl Wt CRPY] S asist i‘:Azﬂ
o2 23S A 4= YUAtKTable IN). CaCl,el &
100 mM 3} 500 mM<Q! -9l DPBSHF ¥ %MEH

o nste] 247} 25%9) 45%2) FAF AN} AR S
& AT T2 2R, o] 2 A|7]e]| 2% CRPO & E

7122] antimicrobial peptide®] 24741} FARSE Ao g 574
% E}- 10,13,14)

rEI-N
rm&rﬂf

Table II - Antifungal activity of the CRP! is influenced by the ionic

strength
[CaCly) (mM) Size of inhibitory zone” (mm)

0 235+2.13
20 22.5+0.7
40 21.0+0.0
80 20.5+0.7

100 20.0+0.0

500 17.0+14

NOTE : !The concentratlon was at 2 mg/ml. “Size of a well
diameter was 6 mm. *mean+3.D.

Table III - The CRP has preventive effect against cutaneous
candidiasis caused by C. albicans

Mice Treatments Size of infezctled
groups o neutrophil Ab CRP C. albicans  &rea (mm)
I +2 + + 8.78+6.48
i} 3 + + 1.03+0.06
I - - + 9.47+4.39

Note : !The measurement was evaluated in mean+S.D. %(+)
indicates the test animals received treatment. 3(-) indicates the
test animals received no treatment.
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Table IV —UV-ray has no influence on the antifungal activity of the
CRP!

Duration of UV-exposure (hr)

Size of inhibitory zone® (mm)

0 27.0+15
1 26.0+0.9
4 27.0+13
5 25.0+0.5
10 24008

Note : 'Concentration of all smaples was at 2 mg/ml. *Size of a
well diameter was 6 mm.

CRP9| mjsZic|ciEo]| chst §_J'.}

CRPY] C. albicans© 5 71R13F 2571350 thst A g7}od
2 7RIS W, CRPE Fof B2 *3-|4L94 AA=7)= CRP
£ TR Egt gzl ving o A2 90% AR &
FEA7E DFAHAP<0.05) XNEEH} USS & 5 AR
(Table IM). &=¢F, RB68CAE A *|2]ek CRPE Fof vk2 A4
FAaEe] Ael= CRPE 5o 4] 38t 243
A7)} Zon} BAHCZE 240l ‘a’}*‘: Zow *&765]31‘:}
(Table TID). A7) @ﬂ: CRP7} C. albicans= 82bg 5)2-70T)
el a9 e RAoE AMRRTh 2y, DR LA
”H]Oﬂ«] 8 1 ’5‘}01% O}j &Aooz CRPY A9l

o] gk Y 758 AR

CRP gxrEatofl cigt XpejiMo| gt

CRPol| gt z}e)id Jaks Artst A3, Apejd oz x2)s)
2] 92 CRPZ 2% C. albicans®] 337 F7)1= =k
27mm%, °} A7 AR e 4/\]7P Zot Aoz FA}
(exposure)¥! CRPS] I are} Bluwd ul ZJe)7t AL gisle.
o, 7 oVde] 7IZIR1 5AIRE E= 1047 B9 AR Mell =53
3ol CRPY daih= A2 WEo] gilth(Table IV). ©]
Aik= CRP7} AAglAdell 93ke A e A0E Frisojx=
Z C albicansZ. 88 W35l CRPE FFoll 2§A)
el of mZeof PJE o7 AlRHo] Kt

¥ Tl (CRP)]
C. albicans®) /378E A S gkt et ALEA AFE
CRP2] C. albicansol] Tt /343A) 7158 2ABBIaL C. albicans
2 7|08 m5-A%e| gt CRPY] &35 A=}, CRPY &
AHZE §9= C albicans®) 7VF 2035 HAAAA) FAY
AL efisto] 7o) WS FaAlPle Ao E A,
53h, macrophages €/d3}oll 23 NO A/do] HA =it o]
A 2 A7EY) vE a7aFeM, 552 RAW264.7 cell
lineo] #/d3} =[S of F2lzhgo] 2= R v|dstd, &
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Azrgo] Zuyt 24t i, o] A7l <)%k CRPS &3}
742 7)Z2] antimicrobial peptide®] ZH&717 3 fARE A2
7 2350, B dFo)x HxZ ¢35 CRP7} antimicrobial
peptide?] 3 E5HZ A}, olo] gt ZA%, ¥ AP F
ol Agol CRP7F A2 6 25919 peptide® T35 Sl
Aoz ¢ FcHunpublished data). TEHEN, CRPE C.
albicans®. g TR TS g% Qsle], A ET
vl@a o A2 90%2] &7} e ROR B7FHSIT. CRP
9% AgA] PSS nslel CRPY A gl ot
QFRA §RE 2ARE A CRPY FXF &I} Al ¢
Hix) op= A0 HEAA CRPY 94780l T A
e} 2 Ao 25zl Al 2 Aol Ard
02 AYoks SERde B FF 420 IRAdYs a4
Aol AgrVsAe] ZluiEc), o] RE Ang FET o, FHel
2] Haj® @A 33 antimicrobial peptides® LHA AjE
o Jpdel FgEAo] sFsAol gl AR TN, I3
2 g7V sA ol D774 HFEA G Akl AA
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