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Salivary histatin 5: a new strategy for the treatment of Candida albicans

infection

WANG Ze-hong, XIAO Jia-feng, XU Zi-bei, LUO Jian-rong (Department of Laboratory
Medicine , Medical Center Hospital of Qionglai City, Chengdu 611530, China)

[Abstract| Candida albicans (C. albicans) is an opportunistic pathogen that can cause fungal infection at different
sites. At present, drugs for the treatment of C. albicans is single. With the irrational use of clinical drugs, drug re-
sistance of C. albicans is becoming increasingly serious. Histatins 5 (Hst-5) is the most abundant antimicrobial
peptide (AMP) secreted from oral saliva. As the first defense line of the host, it has strong antibacterial activity
against C. albicans. Its mechanism of action is different from that of traditional antifungal drugs and other antimi-
crobial peptides, which involves a variety of transport proteins on the surface of C. albicans, MAPK pathway, and
various metal ions in vitro. With the in-depth study of Hst-5, it is found that a variety of derivative peptides of Hst-
5 (K11R-K17R, P-113Tri, etc.) can play a more vital role in improving antimicrobial efficacy. Therefore, it is par-
ticularly important to study the antimicrobial mechanism of Hst-5 and its derived peptides in C. albicans, which will
provide a new strategy for the therapy of clinical fungal infections at present.
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Hst-5 76 S BR R oA — E T i 71 .
B A SCEE A Hst5 18 H S BR B P B9/ FH L] B
F AT 0972 2 8 o & 7 M R i PR YA T 78 B T
X — XA (LR 7 1

1 Hst-5 #EiR

Hst 2—REGAH F i HARMITE KKK, £
Ll R VR 0 0 o R R R 110 A 2 M B A A
oy Z R AN R R A HorP RL Hst-1, Hst-3
M Hst-5 B 8 0L, b 5 48 R 85600,
1M Hst-5 & H W58 e )12 I 880 78 Bk 1 J
ek, BA 24 DEER. —RAELRIT N H
DSHAKRHHGYKRKFHEKHHSHRGY , H o 12
JiE R EE A BT Hst=5 38 A% JE AR B 4 i i
F S BR A AT (R A RO IR 1115 B B 40 M % B8 5 i
WE R A T IR AT S Hst-5 W UIE . Hst-5 fE
il 1 2R A B T 22T B 0 AR B T R A 5
REE AT F P S R T U e T Y A PR R T AR
VEN S BR R Y T 25 ) 7 (A5 A W AR ST
P17 B A0 0 BT 25 ) B AR TR VR B (minimum in-
hibitory concentration, MIC) FL IR S T & H
FAE . Hst=5 VE R A 8000 A K . RE 628 9 RS
4 AR TS HERRAIR 56 26 9 B Hst=5 BEAG 84041
] TS S5 P 1 2 R A A RO B A
2 H i 24 PR I BE A LAY, R Hst5 AW %
H 2RI BE S . IF HAE Hst-5 77 - BEREE ST
HEZE 109 ATP T PERRAIG 65200 . Hst-5 [ AA %t
I/ BR TR 035 1 B GG ) HHE S (0 T 24 PR AR S5 R
MO IR YT 2 B 2 LR 1A Sk E

i T GE LA BH 8 A S A A,
A B RS AL TEBE DL o BRE B IR E S 4
T I 3 A A AR B | L PR RS A | BE AR R
FEHPUREAE R . Hst5 7615 1 DU K b B ik
L PSR Hst-5 38 % A UL G2 B = KB ke 4%
UG S T2 8 o B H 57 RN B B 1 A2 1A DA At i A S
(] 5 57, 1) 248 J e A8 [ 4 A, e B0 R A 5 P A7
F R wl B v 0 B 2R B 1 4 (reactive oxygen

species, ROS) [y K it 5, (o 2 i 44 ¢ 1 — W 1R
(adenosine triphosphate, ATP) & Sy /> , 8 1# 1 &
BRI VIR R G . MOCHESRY R Hst
SEH A S E G, & ATP 68 & it i, £ i 5h
ATP 300 65 £%. ] UL, Hst-5 3 i 5 26 kL
HIVE RIS ATP ShHEFI A AL I T 20 E & 2k TR A
T2 A AE 2 HMURR O T HIL A

2 Hst-5 5EHTEK

J7 W TR T 4 5 R £ 1 il (secreted aspartyl pro-
teinase, Saps) & [/ K A 1 5 285 ) K7, 76 10 %)
Hst-5 By 58 KL 15 PE T Hst-5 G4 Saps P 3#] Fl
Fff . I H Saps H LA Sap2 Xt Hst-5 H i 44 12 (1 1]
F G o SE RS 0 UM P | AP U - A N 0 A
AR WU AR AN A R Y 58 Hst-5 X8 (1 i
K@ B POE T RE SR B Hst-5 BP0 B 1. W3 1,
Hob, R R 8 Ik I KSR, K5L, K11R, K111,
K13H, K13E, K13R, K13L, K16R, K16L, K17R,
K171 Y995 F RER K Hst5 1 2 520 L iR 16 1t
Horp K11 Fi K17 $oks 2 R B A 45 - K17R 433
Y5 Sap2 il Sap9 RSN I 5 REAS 2] 100 20 F1 82 %%
F B BRI BRAAE 61201 47 % , K1IR g4 MIC
MR K 152 pg/mL K E 77 pg/mL", H#
Ty KR & i S 80ht @ 16 2 09 38 5, i 0k 0y
K17R 6 i K M 32 5 7 %k 26 1 7K A i B4 415470 77
£ Tkonomova 555" B F 5% Hh ol 195 F 4 34 45 5 TE 1%
) KITR-K17R, 43| 5 Sap2 1 Sap9 5 & J5 Kl 5¢
KA T 100% F1 88 % . b BB B A K 100 M
MIC {HF#AK % 25 oM, JF H7E 5 HEK 293T 41 ffd i1y
B PRI A KTTR-K17R 385 B 20 i 460 13 2600k B
AR 64% . 5B e, KITR-K17R Ab 3 i3
114 FL i 50 22 )2 RS 18 B S Ul /0 S 3 T 1 A R T Y 2
K, Mg H] KITR-K17R 2 FE/E F R . 3 22 i T8 i
FGEAR oA BRY Y . f b nl L, X BE AR BK Hse5 i
TSR B BERE I > Saps 11 F fift S REHYS 38 1 14
T AR R BOY X R sh Yy 4 i i s o A
BRI VR T B AL T — BT R
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R 1 Hst5 5 HATE KT

k44 751 EE DTN
Hst-5 DSHAKRHHGYKRKFHEKHHSHRGY [20]
K11R-K17R DSHAKRHHGYRRKFHERHHSHRGY [20]
P113 AKRHHGYKRKFH [21]
P-113Du AKRHHGYKRKFHAKRHGYKRKFH [22]
P-113Tri AKRHHGYKRKFHAKRHHGYKRKFHAKRHHGYKRKFH [22]
Bip-P-113 AKR(Bip) (Bip) G YKRKF (Bip) [23]
KM29 YKRKFKRKY [24]
dhvar4 KRLFKKLLFSLRKY [25]
dhvar5 LLLFLLKKRKKRKY [25]

B T X B AR K AT S 3 R A W A1 o e 0 L 38 T 11
KR BE TR RE AT Pp s v . P-113 /2 Hst5 /MK
BT IR R P-113 B B H LA R R R XS
A8 R T B T P L N Hst-5 A0 11 15 M A B AE
P-113 th o P AS D2 M W 5 R A F P-113 [
ity b, A T H AT A K P-113Du, P-113Tri,
P-113Dufl P-113Tri [t P-113 5 GE 4L i = £h A IK
pH PREE ., PR RE & 45 31 K0 # AL ) 7E X E BRI
LR HIE L, P-113Du Bl P-113Tri 43 324 1. 14,
1.125 pg/mL B EMHTF P-113 9 6.9 pg/mL, @i
WEZEATT A RO A8 B T A2 W I 1 52 1) o & B P-113Du
A P-113Tri A0 5, 40 M % T 52 B0IR MRS . o P-113
AEHRFS T A . X AT REULH P-113Du P-113Tri
1 P-113 fEAR S H SR T L E AR HLH . 75
Xue 2 gF 58 fp, P-113Du, P-113Txi F1 P-113 %R A]
DI R iR S 5 1 i) NADH i &l 40 161 28
FIPFI IF475 5 ROS By 7™ A8 Horp DL P-1137Tri X 41 ffd
WP o 5 M e e . BR 2L AR . P-113Du Al P-1137Txi
RLT- 3 B 57 T 240 0 3% T8 5 4 i 3% T R R P 4G
R LR A A B 0 B S R P-113Du
P-1137Tri AT 16 M4 P-113 587, Lin %27 #F 5E0F
S P-113 Rl EUtk A B BRI Ai i, T P-113Tri K
W MR MR 1 Sk GG . EREEA
FESN T e, A B 40 Fh SRBESE AR BE % P-113Tri 45
B QR W) o H RS BE TN A 5 P-113 45
HHENE . Cheng 527 WS8R T 31X BT B AL I
FIH B-(4,48-8K 25) WA R (Bip) fl B-— K N & R
(Dip) B P-113 4 & FR 5% Fk (His4 . His5 Fl His12)
AT Bip-P-113 fil Dip-P-113, [RFE& B P-113 1E
5ERMME 5 min J5 LR 7E 40 i 5, {2 Bip-P-
113 il Dip-P-113 B 7E 40 i 26 i - H. 1% A 56 5% 21
BT, R A T gL B, Bip-P-113 F

Dip-P-11 4k B 53 ) 7&K 1 20 i 5 3% 1w Hh 3 I 80
R AP . X W Bip-P-113 1 Dip-P-113
PR 470 L TR T R O S AR L RS AR L T RE S P-113Tri A
A A TR 4T B L

W Hst=5 JEAT P 08 1t 2 JR A5 HAT A ki) —
Fp oy 2. KM29 1B Hst=5 14 55 — R AR i i 5 5
JAH B AT TR A 20 S S5 BCAL B A A T o i sz
LI i Y = A N L v 2 7 TR
T PO PR A0 T 5 A0 i v Ak S
ok AR B T 6 A0 L b e R AL TR I 1 O
TE 456 20 M 3% 180 I @ 45 JC h 8 2. dhvar4 A1 dh-
var5 & A T Hst-5 3 P DX Iy P9 Fb i1 4= Bk, dh-
var5 SRR KPR PE A 2 T dhvard A5 4 R
PE. T T A 3 i A A5 T IR bl R BRI
BEMMWAHN., 5 Hst-5 #H b, dhvard fl dhvar5 f 4k
R 7 SRR IR S HLA A2 Ok (43 1 1Y
M ] WL, Hst-5 1 S AR 5 209 15 450
PRI G 1 B R T R A IR A AT AR 0 O R T AT
BAWEFWPER] .

3 Hst-5 5%iEER

F1 7 B B B AT A A 5 1 2 A 1 A A i v 4
PR BB E L4 pH B REJT . pH H 19 5 i i3k
P22 AR A 32 3 W) ) SC B BE ) AR AE L B L TR
3 AR B (Dur) i 2 & 5 6 2 B 19 28
F. Hd . Durd f1 Durdt /8 F S BR £ et iz &
FIAE R F Hst5 F A4, WL 1, 3 %3k
Dur3 (1 40 g %t Hst-5 119 55 B 5 o g B 40 i Y
Hst-5 B2 0 im0k 2k 28 224K Adur3/Adur31 7E
B0 i ol LT S Hats 6008 52, % )
Dur3 #l Dur31 &2 5 0 &KW Hst-5 411N 5
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Ml Ssa2p f& HSPYO #K 5 8 1 506 14 15 - 1 —
PR AR 7 LS ER I A0 M 6 i 50k . 7] 578 40
MASEEALS A ASHE ERENEER. XN FA
BR8N S O R B e B,
T A 2R A 40 i BE Ssa 26 BELS A )R (2 F Hst5
Fi A Hh Ssa2p MfE T Ssalph',

@ %
Het5o % pur3/al
@ §31/2p %
< %
QQE 1% FLU
\ S AT\ vt

[ R | “».
o - R % \
ATP Yo% @&

TRK1
- // ' Tok1

K* %e

sh2 g+

B 1 Hst-5 5502 5 H KOG B 2 8] B 15 i BIL i 2]

TRK1 #3225 U Ry A2k T8 00 B B 5 Sk
FZ O RRRR A ERE A B AR . Baev 555
R TRK1 & Hst-5 B30 B AN 20 T - BEAE N R
MBS ATP £R e, XUl TRK 8 #§
e i Hst-5 B B0 B 1E F - o7 R 5 5GP X 4 1) 4%
YR B 1) A/ HE ML B 5 B0 - R A S 2 A R AE
1=, M4k, Toklp 2 AR N, Hst-5 (4T H1E
TR — > 8 B8 7 A HEE GE 1 Toklp 3@ % AAE R
Hst-5 [ B 82 80 5, o] g B B [R5 /R S .

X Hst=5 W5 KPTHEAEM, A &K ER T
Saps 4, [6] £t £7 78 2 Fh 4 HE 2 A . DL ok B AR 6
Hst-5 MUk . Feit 25 56 I 5 B0R0URE me it 24
A, KB FLUL il 325k, Ui FLUT f1 &
R 25 7] REAEZE A DG PEDY . FLULA/A M & 2k
WX F Hst-5 AMHESR i FRAIL, HLAE Hse5 fERTF
FLUTA/A #0017 A9 B A9 98 5% . il Msb2
VA o — B 526 14 5 A8 i o7 70 350 0 384 fiok & 7 Bk AT 11
A KB 22 1 T8 1 DA G PR TIE 8 B B 40 i B 1) 5 2%
PE RSB T BRI RS E A
FEMSME Hst-5 5 Msb2 BE 8, & Bl Hst-5 76 1 B
RZE 38 %57, d Al WL, FLU1 #1 Msh2 f] g4
THESERE M Hst-5 MAMIEVE T LA BE R AR HAE H

SRR AATT
4 Hst-5 5 MAPK 5 Si@%

22 33 5 U5 AL 25 H % [ (mitogen-activated pro-
tein kinases, MAPK) & {5 51 5 09 A T,
ZHXMINRE RN A B KERNLE. FET
FASZR R P 3 2 A 104508 #% . Cek1/2 & 12,
HOG1 &2 1 Mkel &425%, Cekl FES 5 A4
PRV I 22 18 B, A6 A LR 5L R ) T BB IS Cekld
w4, Cekl B B2 1k 3 B0 H & BR W X Hst-5 £ Y
B 3 ek BEL BT 1 R AN M SR T B, 3 RO,
S8 Hst-5 205 J1 08055 . £ W Cek1 342 B4 3015 Al
FE I o) 7% B 20 Hf RE B-1, 3R OB OR B2 Hse5 1Y
LB s 112, WiAE N Cekl & 42 67 1) 80 B T 19
HOG1, fE 2 55 (1 A& Bk 1 4 1 32 90 1 0 38 2 1) 4% Fb
ML AR g b A R BB R S R e
FEAE I B 5 N A AR B O . Hist5 BB AR ff
HOG1 #84k . JF H.H &R HOGT fBR 28 22 #k 3=
B X Hst-5 9 88 B0bE L 1 AR I8 42 1 R A8 pk O 1%
A RIEX Hst5 R 2s 00 Bk, [k W
Xt Hst=5 W95 40 5 2408 T HOGT @ e, Xt T
20 i B 5T HE M B Mkel T 5 L B A Hst-5 4b
H MkelA/A AR, 5 B2 LU 3, LA a0 22 =
TG iA=L . 5 Hst-5 58 F &35 A & 2%k
Mkel {5515 5, 38 38 60 % 19 A% 15 16 P B Bt i
M4 8 B 1 e MAPK @2 F i 2 % Hst-5 A9
WEsRAE

5 Hst-S5&REETF

W — R A R AR P T 2R e R
B Hst=5 BA 280 i 7 Gl A1 A% ) 1 25 & 2 )7,
fiff Fst-5 — 2 88U 25 44y 5 I RS A » 1 100 52 iy L 47T 1R
WM RSN Hst-5 SIS A FE 5 . Al o2k
BOH R B (ECSO M 5 pM B2 1 p MY Tl BEfE
K Hst-5 FHAT A K P13 BP0 R L il 3 &k
TR 2 R A L Jinsd ATP fg ShHE B2 i X A sk
M A1 IF B Hst-5 54 09 fff i R 3% i Mket
{55 1 T (0 P 2 B T 0 MO BE B 23 LT 5T SRR A
HERWE 80> B i AR ASNE I T 15 _E B A0 B A i
BEVE HIRR T B SRR ARE S WK T B
40 M e A P 1 B ik . Campbell 2550 BF 5% & B
BRG] T Hist5 WACMPTE B IE TR, H AT T8
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Hst-5 [ AH B AE F 38 A7 76 G 33, Puri %097 W58 26 81
A B AETER AR AR 2 W EE T RBCK Hst-5 1Y
PURAT) . [FRE A Z R0 e FREHI 59 Hst5 X H &
BRA P AGER . B0 A H Hst5 Xt H &R 55 %
MARE, Hst 5 TE S BRE G R T SRR
39% Ak Hst5 (1 545 7 AU 25%57 . 144k
W Hst-5 Fl4 AL (CaCly) , & 05 B F 4 i 55
70% 5 E AR E S A1 Hst-5, LR 58 Hst-5 1Y
PUAEMERYY . el W, 5 &8 B 1A A T AR
Hst-5 76 H BRI I TE B AL

6 RE

FT 7 B DR I DA P 5 B 43 3 1) L R AR L A
12 28 M A BR A 1 B0 R P 7 90 0 LA b JRUBEME
P it R RO MR 3R B R R BT R 258 L
(g R e AT A R RS i LR e 2 2
PrAE s R b i KA 2 AR sk o ek H T
FHA BT BT 259 7 A= I T 24 1 B2 — A H 25 7™ FH 1Y
R I PR HR T 7 V0 B4 IR B A e LR T 2
PUE R 25 Y e B A B, LA KO SR A X BAT 259 N T
i 24 M A e B R YT iR YT O AR ke . HTR R
(1 B, JC &8 28 3R 7 LR BRI TR SR M . Hist5
UEpL 3 E & A RN N NP S E =S 7 P -8
AR S FEPL A& TR T AR B R AP RO
FI R 470 1 I P9 JIEE 0 R 00 40 P S o7 2 B A Bk i v
(T RP S FEHLE, W Hst5 UGS HE W E., SAE AR
Ivi) o B A 0 R g LT J5R A SR R R M AL A
55 7 Hst-5 SHM S5 G, F8 Hst5 i £ 50K
AP B AR REAR. HE A WS 20, H 9
KA T G 1 2B A 5 M RRR E E DT 4
A AT B KA 88 i o A Dy 328 6 28 A DL 4 R Hist5
5538 FOR M PT A BE 1. KTIR-K17R fE 8 Hst5
A BT AR K R 3R A 0 A P K B AR
Wk ARG ER T —FORIBIT . B ESTR
FRPESN 38 S IR HE 11 f o ST 1 40 1% 240 i 34
A PGHGERS B T AR5 0 @G R e
G AT O K Hst-5 FIHAT A IR 5 2E W L 25 45 vl L
VR — Rl BT T T 0K A A e BRI R L
2 BE BRI JRy B PR R 25 M 50 RE AT AR X B R B T
Hst-5 BAE AU EE Y B RIFRT R .

A @R TR B ARE LA B
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