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Effect of Antimicrobial Peptide from Coptidis Rhizoma on Candida albicans Infection

Jue-Hee Lee”
School of Korean Medicine, Pusan University, Yangsan 626-870, Korea

Abstract — We previously reported the protein isolated from Coptidis Rhizoma (CRP), which has antifungal activity against
a fungal pathogen, Candida albicans. In the current study, we investigated what portion in the CRP is responsible for the
antifungal activity. For the investigation, the CRP was fractionated on a Shepadex G-50 column. Data resulting from the frac-
tionation, seven fractions were obtained. Fractions (Fr.) I, I, and III eluted initially from the column showed no inhibitory
effect on the growth of C. albicans, whereas Fr. IV, V, and VI eluted later revealed inhibition of the growth, and Fr. IV and
VI showed potent antifungal activity by broth susceptibility analysis. However, Fr. VI was contained in the CRP more than
Fr. IV, which led us to select the VI for the following experiments. In a murine model of a subcutaneous candidiasis caused
by C. albicans, the Fr. VI displayed a therapeutic effect on nude mice pretreated with anti-neutrophil monoclonal antibody
(RB68C5) and then infected subcutaneously with live C. albicans. At day 16, these mice were healed almost up to 78% of
the infected area when compared to infected area of control nude mice that received diluent (Dulbecco's Phosphate-Buffered
Saline; DPBS), instead of the Fr. VI (P<0.01). The Fr. VI blocked hyphal formation from blastoconidial form of C. albicans
(P<0.01), which might prevent penetration of hyphae to the deeper site of skin and thus helps the healing. In the ionic
strength test, the effect of Fr. was influenced by Ca®" ion just like other known antimicrobial peptides, but the influence
was affected at an extremely high concentration such as 500 mM. Thus, such ion-concentration is considered to be mean-
ingless in the clinical situation. Considering all data together, Coptidis Rhizoma is appeared to produce an antimicrobial pep-
tide that has therapeutic effect on subcutaneous infection caused by C. albicans.

Keywords [ Coptidis Rhizoma protein (CRP), antimicrobial peptide, C. albicans, antifungal activity, RB68C5, subcutaneous
candidiasis, ionic strength
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fluconazole®] &} A2 53t A o= F7i= g, Sty
Zl(Coptidis Rhizoma: CRP)Z W ¥ o] &AL Condida

albicans®] TAF37d (hyphal formationys A= T3} A4S
©, macrophages /st 4285 T35k a9 s
S g1 nprl QR wak, zpe) o] tidk obgAl 2AbellA
CRP:= 10731F] F9ke] ARe)Al wFol = QPgato] Ake]ie)
G5 WA ok= Yitel CRPY] I 4] 8ol% A9 Fai3hs +f
g3k vk ATkl o) & ZAR slo, X5 APE FalA
CRP:= C. albicans 71174 91731 ey = etavrt 9l
55 ofee] TSItk 12, CRPY Tt avhs Aol &
eFgsto] CRPE EAE 39S wie dradrt 7haso] oy
o] SAR1 ol 283} g o o USIHE i, Rkl
Apepd] 5737 FAFSHA o] 2Al7]ell Y-S wotA] CRPOl Z
ol ATt Skl webs CRP] Setaart 7ha
h= 540] IAINE 100 mM F=9] CaCl, 8% 7H% S
a2 A%o] Hla 500 mM FEe] FEex = Helf 20% 7
Lo ehtaiprt 7k Jroix] AAZAR1 T M= A
<] ionic strength A7)l W3S WA k55 & 71 AN
o geje g o)2A)7] AAAEE wed| CRPF 7]Ee] &
71 Apepe] 54d0] =AE] of &AM 91 lo|mw
o] B7e] eREsloll = & A e A

B oA tol ] Bl Apepll B A sl
d %13t C. albicans TFIEVY o=, FRZEAL] ¥
O 4915 A8 AJAHEO] 78] 40%°) °l2=
o]t} 1219 A7 Aol A= 7]3] AW & 7 (opportunistic
pathogen)® 2 EAsl=t)|, =2 &5 Fel(blastoconidia)E =
Aep, <2] Meleo] okslEH A hyphae)s B/dsto]
AL Fol7|= Sk o8 A| C albicans 752 FEiHE
(morphological transition)= secreted aspartyl
phospholipase, ¥-2Md (adherence) =2%¥H] 2|1 A|ETHE
o] 2128 (phagocytosis)ll thet A&d52 & C. albicans
o Fa3k ¥y QAR deA] glom B9 ojzist A <l
A5 7R, dARASS o] RS WAl Tt Fost AE
R Zow deA Ik 71ele) F7E W, C albicans
AR EE ohde} o 3 (thrush)¥} o1/ A &

A7AS Y 53], mRgd o) Ao 712
Al A Wdo] W), o] Htel das ekal
= ZAgkte}l Hojgo] oksl= et 7t
| 95t Aoz AlgEth o] i, ehakal vAdo] gl
Az FEpe] Aol FFAQ1 A7 Heelx= &
Wk eEan it

olef], & AFrelAE & AFE 7] AFellA delA] Apep
w12 7FsAde HEE ARISE §, XAl ATE S8 CRP
ol 3h5El Apepell thet o 7141 A Ruskai} g,
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31 (Coptidis Rhizoma)> A& AFA1dolA AFe)ekatz
Z(KFDA)IA 15E AlF-S F4ste] ARgsiSltt.

Aol 7] el 1 Aol 7rEE CA-1 strain®*?”
S AREERG o) kS 37°Coll A GYEP(glucose, yeast
extract, peptone) T Eu=|o] 4817t Fot vkt 3 GYEP <
AAlel] 55109 shaker incubatorellq] L3t 2% (37°C)olA
24X Al Wl A wjeEEt TRgol 202D ARg-alitt, o9} ko]
Hj ke MZE QIAFHE 8 H(DPBS; Dulbecco's phosphate-
buffered saline solution, Sigma, St. Louis, Mo, USA)C = Al|%]
3lar, Al3EEEE hemocytometer® 7] &5 =45l DPBS
(PH=7.4)° 243} AR&-5i3ict.

ABES

6~774 2] BALB/c &% A7 9} BALB/c &% nude mice
(CAnN.Cg-Foxnlnu/crl strain)= Charles River Lab, NY, USA
of|A] qlsto] ARESISITE. o] AFES 115t Bafsh filter cages
oAl ARSERg o HitE AFE(Orient, Seoul, Korea) 2 &2
Al BAL SRlk AR 37 9F B o)A 7 el
BAs FEARTA A 17YU1E A3AIZ F A8l &
EARGA] 972 &% 20+2°C, AthEEE 50+10%% A
skal 272 1243 7HA 0% gkt wkE 2SIt

&t

A4 A A3tE 98ll, A3 el anti-mouse
neutrophil ©&491 RB68C5(anti-Gr-1y2 ARE-3FAT], o] wHakA|
o] 5492 olu] B} Aol el v glom 2 B ol
o= o] &S] FFETl thgt aaIE YFst ub Yok

moly

= B |

HH
T}ulz] ©
v 1

SHAA Aol x] 3U3E WA S -,
o1}t thof] o 28-S rotary vacuum
evaporator(Eyele, Tokyo, Japan)® & 7%} 5535t} w5
DPBSE #7Isto] £3l13t 95 dialysis tubing [MWCO=8,000
Da(Spectra/Por, Spectrum Lab. Inc., USA)Pll ¥ B 57
off thsfo] 4°Cell 96717 FA8kaL A5 (FD-1000, Tokyo,
Japan) &SIty @zl 8- == BCA(Bicinchoninic acid

assay; Pierce, USA) W< AMgste] 489k Y CRP 3
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5] endotoxin 299/Jo35 = LAL endotoxin kit(Sigma)> A}
g3to] AT

CRP2| &84 & (Fraction: Fr)S #asl7]9 8l Gel-
permeation chromatography W2 AR 5199t} =, CRPE &
3 DPBSo| <9 ¥, syringe filter(0.45 pm; sartorius,
Grtmany) *H 02 of3}stglth o] & 1ml AEE F3ko]
Sephadex G-50 fine(Pharmacia Fine Chemicals, Uppsala,
Sweden)Z %713 Column(2 cm widex70 cm long) Yl Hit
THTE fEste] A A7) whebA 2ElEisith fE &
Ex= 3t 0.67m/min & 273, &5 E 98 1mY
Fraction collector(EYELA, Japan)ys AREslo] =4s1ic}. 2+ &
glo] A s5i= A7) BCA WS AREsle] S48sith.
2] (Fraction; Fr.y2 AF&4¥ peakell w2t 2+ 152 = pooling3l]
A Az T BEAed Rasigit

CRP 2&l22| &xiggat A

W2 (fractions)] X7 EY} 742 CRP2] 7]d-llx] A
23 Staat A ol AFeSt S SN S ALt
I AdelA] B o E HHR AR SAH-S ARSIt
A< B2 ol M= 255 RPMI 1640 medium(Sigma)ell oF
oFst FE= 3434 96 well platec] 100 wW(l mg/ml) ¥ %,
C. albicans <+E7}F 5x10%cells/wello] ¥ == HEd thgof
37°CollA mieFsisiTh. Ata st S 48ART wieksgiet. Wik
Zol 7+ well?] WS 10 ) GYEP 1r&uix]ol] 2744 pour
plating WPHO 2 HE3)a1 o] plateE 4°CollA] 24A13F BljoFst o}
ol 5Ys 2E0M 48~k 1 wllekst Tl Colony forming
units(CFUYE =431}

I§ZHC|CES (subcutaneous candidiasis)ol CHEF Fr. VIS| &
o A

Fr. VI¢] IRt tze] dist a5 A 21814, nude
mice°l] &S F7 FIA(RB68C5)YE 25 pg/mouse §E%
FAbsle] A AE] sk A xe] 48A1%F 3, C. albicans
(1x107 yeast cells/mouse)s 87 2] 5 Fshi-glel] HEsla 4
AIZF Foll Fr. VI(100 mg/mouse)s ZalAkaiA A7d711F F<t
ARl 2 A7E AN A mast B7ks Fr VIZ
A E]A] ok oz} vlaskgict, 7edR-9le] A7) 49 1
7o STt

Fr. VIo| ZAFSM XSt 2

A W 3JE (blastoconidia, yeast form)2] C. albicansoI¥ dANT
55 3] SIsiA, GYEP iAol 74872 9 @HEs%
= 5% Y Fr VIQOpgml F5)E H71e thgol

. albicansTH(3x10° cellym)& HF38kar 37°Col A 7]
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oAl 1.5~2A17F wFatoiTh. wlF 5 2007 o)) AlxE
hemocytometers AMg-3to] @ulgstelr] dAREAS f7& =
galieh. SAdUET-S Fr. VIZ A2shA] ghokor, T o n)
W FHE flEA drart gl Fr I8 ARSSilch 842

C. albicans®) TAFEAS FrEdhs 2Hgo] ok

Fr. VIOl CHE} O] 2M|7|(ionic strength)e| &k Z4AH

Apep?] FFE I 2o o] 2A|7o] FE W=ThEY B
Ao Fr. VIZF o] 241719 ¥3E& 75 2k 213
A, Fr. VIZ gt 529 Zgoz A x23t & C. albicans
off tigh AgelAlEsts A7) 71 st dhiow
AT}, CaCly 553 20, 40, 80, 100, 500 mMel 74}
ool Fr. VI® 5% 0.1 mg/miols A8t izt well
o= sl o R AME-SF DPBS 100 W 5H ¥Sith.

=%

A AR = B +EF 93 H(Mean=S.E)CF Aleion, 7t
7re] 5-2/d2 Student's t-tests A3l P ko] 0.05 ]9t
Sl freido] = Aoz it

me.
P
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CRP 28 % CHHE M4 S0l

Sephadex G-50 resins AHE-3lo] CRPE &t A}, 6711<]
T8 Peaks® #8HS & 5 USUTHFig. 1). 2 Peaks ¥
[Fraction(Fr)|"¥ & v} o] 1(24-25), Fr. 11(36-44), Fr. I
(45-50), Fr. IV(51-60), Fr. V(61-61), Z1&]a1! Fr. VI(69-82)=

#aick. BCA ¥l a7} BE Reo] B g o

025

Fractionation
I 24-25
1I. 36-44
I11. 45-50
IV. 51-60
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S
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Fig. 1 — Separation of the Coptidis Rhizoma protein on a Sephadex
G-50 column. CRP fractions were loaded on a Sephadex G-
50 Fine [Column size=2 cm (diameter)x70 cm (length);
Pharmacia)] and eluted with sterile distilled-water. Each
fraction was determined by the BCA protein assay. This
fractionation results in, at least, six distinctive peaks.
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1SS VJERYSTHdata not shown), 7+ 39 ghiz o=

ZF 7} 0.01(Fr. I), 0.04(Fr. 1), 0.05(Fr. 1ID), 0.09(Fr. IV), 0.11

(Fr. V), 0.1 mg/mi(Fr. VDO 2, #EH=Z poolingdt th<l W%
Nz77 22} st Uoﬂ Ao ARg-317] el DPBSe &3l
3o 93t TS0l By Wolld 7]1&3t vle) 2

U FER =
&

Aol ARg-e3itt

1= 8-S 2] flEl 7]
AT} E-EES ARgell kA 045 um
Syringe filter= ©]3}5}31 Blood Agar WiA]oll YAF-S w5l
U 9] 29 o5 gRIska ARSIt AEAEY 2 «
A2 Sl%lTH(data not shown). St a 4 HEA, Fr IV,
V, VI 7oA srta ) A7 AckFig. 2). o=z, Fr. Ivel
VI®] 7¢- ofH o= A7} ] oke gAY vl st
Re o, thEk 93% o142 St a ) FlEATHP<0.01) (Fig.
2) SRR, 53] Zoll A Fr [, I, I BCA o g whillzlAd
AR gRlo] AT Stadh= ISItH(data not shown). ©]
7&% HEO 2 o, Fr. IV, V, VI ZollA] #35ko] 71 B
Fr. VIZ 942 0% Hd7sto] 34 Apepe B71= sIGlth

Fr. VI £8l9| m|SZHC|CkSo| chet 22t

Fr. VI®] C. albicans 719173 35713500 st X g5
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5 |
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Fig. 2 — Antifungal effect of the various fractions separated from the
CRP by the Broth Dilution Susceptibility method. Data
resulting from the separation of the CRP show that Fr. IV]
V and VI inhibit of growth of C. albicans yeast cells as
compared to the control (None). For instance, difference
between the antifungal activity by Fr. VI (*) and antifungal
activity by the control is statistically significant (P<0.01).
Note that Fr. IV and VI had almost the same efficacy in
blocking of the growth. Values ara +S.E.
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Fig. 3-The Fr. VI has therapeutic activity to subcutaneous
candidiasis due to C. albicans. During the entire 16 day-
observation, the Fr. VI-treated nude mice reduced the sizes
of C. albicans-infected area in a similar rate as compared to
Fr. VI-untreated nude mice. Difference between the two
groups is statistically significant (P<0.05). Error bar: mean
+S.E.

£ 4 1Ao7 16Y Be w53 Ay #5 1294 Fr. VI
< o] k2 AFTe A7) Fr VIE Fol W] ZehE
duizt) AFel vlasia Al 70% Y5 1Fasielor
iZ§ ol 16241= 9] 78% H= AT HAaEthP<

0.05)Fig. 3). 5t AA| B0 B F IE A
919] i Al AR el MER PASrkFig. 3.
BUOINE 1 Zake A9 SAskAck o] AHAAZ, Fr VI
- Spatichsl AREE A8 2 4 23l

L
e

Fr. VIQ| AN NSt
FWEE 9 C albzccmsoﬂ Fr. VIZ Agjsla. #AMAC] 4

=
fo usuy
KR

= dvA ’8} 19 #=3E A3}, 34 A(DPBS) o w A3t &
Aoz A9 ﬁ*}*ﬁ*ﬂi 100%°.% 7555 & v, Fr. VIZ

2]t C. albicans= 2F 63% FE] FAMIA O] A H AT
(P<0.0D)(Fig. 4A). &= & thx+02 I+tadrt e Fr 10
2 AP A, ARSI A9k A Tt
ATHFig. 4A). ¥ Ao A % U5 AdAr} F5HITH
stollA A58 AP Aol ARICE AAISE A
vH(Fig. 4B)%= A‘71 AEATNE sttt o] A, Fr. VI C
albicans2] 7V F 238 AR FAMYS Wlisle] <t

A8 Uehis ow Alu,

T4

vl

Fr. VIo| &ZIZ#5 0] ChEh OI2M7[2] W&
Fr. VIel it o1 &417]19] 98 AL s B, Ca** o]
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Fig. 4 — Fraction VI inhibits hyphal formation from blastoconial form
of C. albicans. Panel (A): There was app. 63% hyphal
reduction by Fr. VI treatment (*) on the basis of hyphal
induction by DPBS-treated control as 100%. This difference
between the two groups is statistically significant (P<
0.01). Fr. IT (#) having no antifungal activity induces as
many hyphae as the control. Values are +S.E. Panel (B):
Microscopic examination shows the different degree of
hyphal formation between a) Fr. VI-untreated (DPBS alone)
and b) Fr. VI-treated C. albicans yeast cells, confirming the
results displayed in Panel (A).

Table I - Antifungal activity of the Fr. VI is influenced by the ionic

strength
[CaCly] (mM) Size of inhibitory zone® (mm)
0 255+2.1°
20 24.5+0.9
40 25.3+0.7
80 23.5+0.4
100 21.0+0.0
500 19.0+2.4

“The concentration was at 1 mg/ml.
2Size of a well diameter was 6 mm.
3mean=+S.E.

o F7h STkl wlet Fr. VIO @R a7} smelEs o
2 AAES BRIg 4= ISIcK(Table I). CaCl,2] 5%7F 100 mM
7} 500 mMQ! Z-$-oll= DPBSTHS: W& SAt 7ol sl

742k oF 18%9} 26%°) FHEIN} s BET 5 3l
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N
rfu

E AT 71T o FEE il (CRP)] C.
albicans®] ’34S AAgHS B3k vz} vk CRPY #8714
& C. albicans®) 7V 203 HAX01x0 FAEA Q] A9}
<7-2] macrophages &4 3tell o]k GAAEFxlo| 25k Z1o
2 g Ent okl o] it avhs dnvivo AT ZNA A
ARtk 237t QA IFAT TR adel = U
Ado) Q= ABaIrE AAEEY o] AuE wigow )
o] CRP7} Apep o 7Fsdo] s oA CRPE o2Al7]e] <]
3} oS ZALEIG =T, CRPS 1552 Z5olR 07
2] sk CRPA Saat 7ot EEel 9§ o CRP7F
Apepd 7Fsdo] A=A olel], CRPell $Hre 173k <]

1] ApepdS %Uﬂ S oEiA] B AT S=8slel)

B AFoAEs gz o] Qe 4 o] izl E
AL 718 0]'7] HOHH CRPE
matography %

%. a—wc} o w42 %aw 5% 6 %7 %Q% A5
;I

21,6]-01 Size exclus1on chro-
= Xﬂ o] H /H

BiETy ] #
S BRASFLIVV VI}— in-vitro “glA Etadrl A=)
o} olof] thgtk A1 H7EE SlalA, o] & Foll dntadt
7} A i{—i’ Bl A W Fr. VIS 414sle] 7)1
B7F WS A8l Fr VIS SAS 2AkIGITh
Y’P“%Zﬂ“/]‘jr% FERAS AMSHY] Fr VIS avE ANt
oA Fr. V= fa7d0] e A5a5aE HeEhlt ol
st 287 1HE AN AsA C. albicans®] 7V 2381 1
A1zl FARIA ol T3k Fr. VIS &35 ZARI=], o4t
nkel o] #AMIAdE AAlste] CRPIA Ak Aatel 79
FUst AAE 5T 77 UQITh AR oR, At} &
8711714 CRP?] ﬁ.ﬁrﬂ- A fHAREE SRE Sl Fr VI
Apepd 7FsAdo] wilg- & A0 AlmE o STt

oldd #HlellA] Fr. VIol ﬂ%ﬂ ol2A7] WFe] fFE
AT AHHAR] Apepl] SA L A g5ato] H%
Fr. VIE= Apep?] 7Fs/do] A H7F=Qlc). o] dafE 7]A+
o] Ao} gato] 1] B, 7]A7ell4 SDS-PAGE 11719
FHo=Z CRPE A4 A, 2k 1.2 KDad A+A%2] bandE
A2 vzt Qld), vk oA ApepZt wH]ECH o)
o] 10-mers®] Fol24d ofn]:Ato® AW peptided 7573
o] &t} Fr. IVe} V= dHraaz) lojA, Fr. VIel 3929 +

AAQL F5- AFF7R= 3 X0, el Had Al F

J
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T ol Apepo] EAT ACR F0] Hrk. o)A sfgte] 2
Msvloﬂ/qb Fr. IVQ]r Voﬂ T;H’é‘]-
w7 A s SvslEHE, 7}0

Z 03 AL

&R AT

Fr. VI9] o}

u Al ZAAMLE 11EEH, o] ofr] Ak AHe| wE pepetide
= QFH o7 e eyt 7““«1 e gkl Hevt
ATk 24 GA . ATAelA 8 Fell Sl Adol vF
%7] @AIOIA| 9L, Fr. VI 34 87H-4 ofuliAto 7 A A
© 2 1% 31 (unpublished data), Peptron AHTHA)e] 2]
slo] 3t peptideel] thst B7F 218 oo}, e 3t
‘gu)go] wilg- 1rkehR= ARl o]d A ellebr] flEiA, &

%] proteogenomic biotechnologys 583t Apeps tRFo = AY
A} 8 2= Ol WP wAl o Ql},
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