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Abstract: Blood-sucking insects have bio-active substances in the salivary
glands. These substances have activities on host blood coagulation system, hemosta-
sis and blood vessel. Recently many of those molecules were isolated and character-
ized, and some of their genes have been cloned. We extracted and purified multiple
hemoproteins from the salivary glands of reduviid bug, Rhodnius prolixus, and the
cDNA of these proteins were cloned. We clarified that one of these proteins with a mo-
lecular weight of approximately 20,000 (designated as Prolixin-S) is not only an anti-
coagulant that inhibits an intrinsic coagulation factor {(IX/I1Xa), but also a relaxant
of vascular smooth muscle. We found that Prolixin-S binds with the smooth muscle
relaxant nitric oxide NO that is synthesized in the salivary glands, and is injected
into host during blood sucking, then release NO and relaxes the host blood vessel.
That is, Prolixin-S reversibly binds with NO and function as a NO carrier.
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W=+t IEH->TENEFNRAONMEMHE (BELAELEY
v7uF T —+€) igERLEORT Tl s h, G
L& 0/ TF B —2> TR DR FOFIERIED—H % /1 L
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Fig. I. Schematic diagram ol hemostasis and inflamation. Blood sucking associates with cell injury and
immuno-reaction in the host animal which induce platelel aggregation, coagulation and mast cell
degranulation. The lactors from mast cells and platelet induce vaso-permiability and inflamation.
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pathways. APTT (activated partial thromboplastin time) and PT (prothrombin time) indicate intrinsic

and extrinsic coagulation times, respectively.
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Table 1. Bio-active substances in the blood-sucking insects and ticks.

Activity Species Mode of action (Substance)
Anticoagulant Tick: Ornithodoros moubata Anti-Xa, Anti-lla
Dermacentor andersoni Anti-V, anti-VII
Bug: Rhodnius prolixus Anti-Xase (Prolixin-S)
Triatoma infestans Anti-V
Blackfly: Simulium vittatum Anti-X, Anti-lla
Tsetsefly: Glossina morsitans Anti-lla
Mosquito: Anopheles stephensi Anti-lla
Culex quinquefasciatus Anti-Xa
Antiplatelet Tick: Ornithodoros moubata Apyrase, Moubatin
Ixodes dammini Apyrase, PGI,
Bug: Rhodnius prolixus Apyrase, NO
Triatoma pallidipennis Disintegrin
Flea: Xenopsylla cheopis Apyrase
Mosquito: Anopheles stephensi Apyrase
Aedes aegypti Apyrase
Deerfly: Chrysops spp. Disintegrin
Blackfly: Simulium vittatum Apyrase
Sandfly: Phlebotomus papatasi Apyrase
Tsetsefly: Glossina morsitans Apyrase
Vasodilaor Tick: Ixodes dammini PGE,, PGI;
Boophilus microplus PGE,
Bugs: Rhodnius prolixus NO (Prolixin-S)
_ Cimex lectularius NO
Mosquito: Aedes aegypti Tachykinin
Anopheles albimanus Peroxidase
Blackfly: Simulium vittatum Marydilan
Sandfly: Lutzomyia longipalpis Maxidilan
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3L TMEEREESZ 4 5. FRBHCALS V7
BT, —BLEEXNOELEAL, TONOOHERICK
D IMBERIERAEZFE 2L VWO BHDTHERUYMETH S
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Rhodnius prolixus I § 2f{ %2 A A3 v H 2 & LItD
i3, TBEdR+re ] (V.B Wigglesworth & gk - /K
ROBIEIT) Kkt RERFLLIEQABEE
Wigglesworth it k> TE&EhTsh, RAETHI2XBH
BREBFOLHRNEETH D, CORKRTRAZICHK-
toEERBEHY L. LblL, #49 v 82 E0nding
RBFEERTICLSDHT 23 >~ 4 2 Triatoma
rubrofasciatus WX L T+ iR EhTEy (FEAB—
# [#i4BEd) JtRME 1958), KAWL b Liiiv, Bk
513 R. prolizus XA XL SIHLA RHETEIEDD,
RRXZ5H Y HAEOHTMBEREBL TWE (MR8
MR, MANENE RBAFEHES, 1999).
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AA Ly RERERRT, @YHSEHT 2 022
EAETHAH, $vH AR SRMT 5 LD it
{ELI—BEDA A LY THB. H ¥4 41 Reduviid
IZB L, reduviid bug, & % W i3—#}ic kissing bug &
BRiEh, A% ¥ H 2 R prolixus, 75 YV WY v H A
T. infestans, 7 h € v % ¥ i # Panstrongylus megis-
tus I EMEK - KOS F 7 A ) AMUBICAHLT
W2, IRODYVYHARTAY BB Y8/ v —<hE
(v + & 2% Chagas disease) D¥FHRE{E Trypanosoma
cruzi EEHBORR) OPNFEL L TEHRET, &<
DORRMREIE>TEL, ThoDY VA AR IRS
BREORIML, A4S YA TREER G HRELE
CoMExRy, W+ 5E 1miEOMEERS &
W (Fig. 3).
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Vol. 51 No.1 2000

Adult Female (after feeding)

Fig. 3. Rodnius prolixus: Adult female during
feeding (before and after feeding).

RZEEESEE ST, 44 v # * OMATIC 3 Mkt
EREFHAET 2iEEMS 2. BENEOMERICA £
Y ABEIROMBEANA T, APTT & PT & %l
FELETAHA APTT 2FLCEET 5 2 &A%y,
HEE IR O M EHETEU B INEROREYMHE TH 5 &
HSRIBA U 7z (Yuda et al, 1996 a). /- PT oW Td
FROMEPKICL » THOLLBSHEENS O, FHMSHF
FOFER, + v H A BERICL 3ARREBEROMED
BB >VWTHHH LIS - 12 (Isawa et al., 2000),

3) DUMEEIEEHEME ORI &G

A A OEBEREEY, HMHEEEE-12. S
ABEAAYRMIOZ NI ST 4 —IC LT, MkEE
FESMOERE #5881 L T, IMEEEEEME RS
2TV, BEMEEEE G B—DNy FRBBEOHTI.
CONTFORTRIIFK 2 (20 kDa) THRVWEE & - 12
METH -1, BWINZARZ P A% EDE 400 nm iCHF
BHZ peak bbb, ~LFUNIBETHBE I EHH -
fo. Bk OBAHEIC ProlixinS &V HERTE D
72 (Sun et al., 1996).

8L 72 Prolixin- S HWVWT, MEKEEH X7 — F
AT 3T XTORTFIcHT 2 BEANRBERIEE O
ErEx IR L., TR, NRRORTHORT
Xase OFHEFEMAS > EHWBAL 72, Xase 121X
FeVIIEF Y VIEBETHREIN I HAKT, KB
FREfIICh 5 X RTEEH(LT 2BFRHTH 5. Pro-
lixin-S I B OMBLLA » S BB X W - B D Xase
FHEMETH 3T &Y -7 (Sun et al., 1996),
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Fig. 4. Schematic diagram of Prolixin-S inhibition sites in coagulation pathways. Black bars indicate

inhibition sites.
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Fig. 5. Absorption spectra of reconstituted rProlixin-S. A, rProlixin-S isolated from the culture medium
of Tn5 cells infected with recombinant baculovirus; B, rProlixin-S incubated with hemine (heme b); C,
heme associated rProlixin-S charged with nitric oxide gas (NO).

4) Prolixin-ScDNA 7 o—=v &y v HE
ORI E LU E ORR

Prolixin-S @ Xase PHEE M O RET P HERIT T Ofth
HRZRITT 272003y vy BEKRELY
3. TONHIERETIFNLEFRCLIVREATLI L
ZH#EL, ¥ DNAJO—=v 72T 7z. 44
+ VA A OEEEEM» S RNA 2 L, reverse trans-
criptase Ic & > TcDNA 2488k L, RE~7 ¥ — Agt
11 iIc#BAATCDNA 54 75 ) —%/ERIL 1. Y
L 72 Prolixin-S iz Xt 9 2 fiiflifF = AW T, cDNA % 2
2y —=vsLT, Prolixin-ScDNA O/ op—=v7
IZEXIH L 72, Prolixin-S cDNA OEREF|AHR), 2
7 BEFNEES M L. KBRIL K Prolixin-S
NEKBDO7 : / BES & D cDNADOD—HD7 I/ B
BL% & AiEL It —% L, Prolixin-S ® cDNATH 5
& WEEZE T & 7-. Open Reading Frame (ORF) i 203
TI/ BT, 2373/ BOY I ARTFIELD,
RR# Y v,y & LTD Prolixin-S 13 179 7 3 / BT,
SFR’ 19921 TH BT &M -7 (Sun et al,
1996).

Prolixin-S cDNA 2 W X+ a oo 4 W ARBERIT
& DA EZ K Prolixin-S #RH L /2. AcNPVO¥
EHEKRIEZTD 7 0 € — % — O F i< signal peptide

% & Prolixin-S ¢cDNA % ligation L, wild type @
AcNPV ¢ BRI Tnb iZ co-infection L 7 &
&, reconbinant virus 222 Y —-=v /L. D%k
THH L /- recombinant Prolixin-S {313 & A & 5iE %
rT#EcawshTteh, EHREL, S HPLCIK L - T,
+SB O AEZ & rProlixin-S ZHERIEINS 3 - &
T &7 (Yuda et al., 1997).

5) rProlixin-S % f\ /- BHE P =B D BRI

ok i, v A EEBROFIEEEEIZA
R &E D Xase complex % BH¥E 3 3. rProlixin-S 43
Xase ZHET28BEBHT 2RO R 7 v 7&EL
T, rProlixin-S & Xase ##k9 3 HT (1Xa, Vllia,
Y BEHE) & Sicid Xase iEHE(Lic b 3RF (X1
F) RV Xase DEHE (XEF) L OBSHMEER-
hEIPEFHNL, hnicid ELISA % Pull down &
EDHER S oo BEEEREY TV 1 LTHET
A48 (Bia-Core) 2 HVWTIT~» 7. TDEHEE, rProlix-
in-SIBXIKT, ViIalT, XHEfFEoEGRL2<H
{, XEFRUERLE L IXaRF0d EEE5T 5
T & A - fo (Isawa et al., 2000) (Fig. 4 BH).

T, COEAMCE BEEKFEMICREIAIE.
5, rProlixin-Siz1X/IXa® Gla Fx 4 v 55T 5
AEEMEAMFE V. £ T, Gla F A 4 v AL WIX/
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Fig. 6. Vasodilation activity of reconstituted rProlixin-S. rProlixin-S charged with NO were applied on
the rabbit smooth muscle contracted with KCI in Ringer solution in different concentrations. NO(—):
control, rProlixin-S without NO. Activities were detected with the Magunus apparatus.

IXa #VEB L THESBM X F~12 & T 5, rProlixin-
SLOEBENSLL B >TVB I E MM 1. £17,
Xase 3 IXa»#iBETH 2 VIIRFH»Y vIEE (I
BEONKMER) <4 L THESEEBERL TEE:
AT D, rProlixin-S R IXalBRFDGla F 24 v &S
TAHIEKED Xase HAKRFEKREMET L LT
Xase iEMERFHET 2 & MBE S Mo 1S - 72 (Isawa ef
al., 2000).

IXAFRIHARZRD XIalFIc L » T, £H-4E%D
Vila AF B CHEET (TF: tissue factor) ic & > T
iEHAbEn 52 L0 - TV B, rProlixinS AT h S
DIEHAARIEEEBET I E I M EFE NI LTS, RE
TH 5 IXICrProlixin SHBEET B ET, ThoD
B (R RMER) X3 IX 0 {LbEET S C
&) - 72 (Isawa et al., 2000).

BER (IX) oiEH(L e G b s - B% (1Xa) 0 iEH:
DEAFEHEL TR EMM-1biFTH S, LED
HREZ LD TURLIZbDH, (Fig. 4) TH 3. RE%
ARFZDRZH B85 O key factor Tdh 3 IX ATk
A3 5 I & T, rProlixin-S (3 IX/IXa HF Db 52
TORAT7 v 72HELT, ELHROCMBEEE 7
Oy 7 LTWBIENHERTH S (Isawa ef al,
2000),

4. rProlixin-S QME BT

1) rProlixin-S O~ 4 & v 7 B~ DB

EEHE IR 5 S ¥ B & 1 /- native Prolixin-S i3 ~24 % ~
WIBETHFROBEZLTVWSEY, NFa0940RIC&-
T Tnd Ml TRE < FER & 172 rProlixin-S I3 &R
T& » 7z. rProlixin-S DR A~ 7 b W% Fig. 5 (A)
IC/RL 7z, 280 nm iy v OWRINAS S O, 400 nm
KNS BRIRE- 72553, COFRIITnS5icE->T
SBISYih & Ntz rProlixin-S DA DY Fid ~ & % 4E
ALTHELT, T —ED5nFh Tnd G0 &>~ 4
EEEAGLTANLI v BELTHENISDTH S
Z & %RLTW3. native Prolixin-S d~ & OFEH %
St L 72 & T 5 heme b (hemine) T 3 T & Hsrh -
7. & Z TR @ hemine & rProlixin-S & % mix L
Tincubation L7c& 25, §XTDHFHRNLEES
Lic~a gy v oBicE#L - (Fig. 5-B). rProlixin-S
EANLEDESENMNERI ITHBEIELSS M1
(Yuda et al., 1997).

2) —RILEENOES Y v/ v/ HE L TDPro
lixin-S

—HEIC ALY VIS TBDONLICIIEERIRE T R« —
BILIRTE « —B(LERRLNEDHT AL T 5 EHAIS
hTWw 5. Prolixin-SHEDEE T 420 nm D PiX
E—708400nmicv 7 352 EEEEL, 420 nm
DFERNE D SDN—BRICERENO DFEERTH ST
EEHoMILE, EITHABAKANLY V/3ITH
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Fig. 7. Dessociation of NO from reconstituted rProlixin-S. Absorption at 420 nm were measured under

different temp. and pH conditions.

% rProlixin-S ic—8{LZEROES LTS -7, Fig. 5
(C) INOHEABORINA~Y b VETRT. 420 nm i
ATERE-70HbLH, NODEAMSIFEFLTETY
3 ¢ERLTWVWS (Yudaet al, 1997).

3) NO ££4 rProlixin-S @ M&F S EH

—MILERNO BESATERUBRIEL SO LD
felahTVA, MBFCBLWTRMEARBAR TS
S>h, MELHEBEAL TLESEEHOHB L
MNbh->TW3, NOFES Prolixin-S XM EWE &4
AbohESIhE VY FORYIKEE > THNI: (Fig.
6). ZDFEENO % & 727\ Prolixin-S 32 EHE %
RE T, NO%&4 L7 Prolixin-S 3 BEIKENICE
B MBE AR L /2. DT & d S ProlixinS ok
ABLENOHKBI N TERHHWRELFRL /&
STtz Vo ARME L FRNREREH*ICH
UReRRECEIE L 2. THiERTNO IE{bsh
B <, ProlixinSh o 8h7- NOE{ba 7o n Al
ERDLONOMEL U LickdEBRENL
(Yuda et al., 1997).

4) rProlixin-S ic§£E4& L 72 NO D #2RE

NO % 4£4 L 7z rProlixin-S & & @ NO D28t D X
%, BFE -pH 2% X T 420 nm OB DOE( (D)
&> THENERY, Fig. 7ICRLTH S, BHER

DPhOEEITEVIBEWEFR (20°C) « {&EV pH (PH 6.0) T
i3 420 nm ORIXAW - b &&D L, NO DEERE L
W DEL I EERLTVS (A). —F, BYNENRN
RFCHEVWEWVER (37°C) « YV pH (74) T} 420
nm OB HICEDL, NODEBES# W & 4R
LTw3 (C). 37C » pH 6.0 DK TR £ OhEN K
METEMT S5 (B) (Yuda et al., 1997).

IR OO ProlixinS B NO XA L TH Y IME
DhTIINO EZHRH LT, MEFLHEH%HE L NEF%
HERLTHRMLTWAEEA SN S, EEBRDONOR
EIMSL D07 ARENZoN? HTARBIOSR
IKHOWT ORI L, E@IRICIZ NO &BE%E (NOS: NO
synthase) OiEED & 2 & 2R L, BE@EBBE S NO
EAERLTVWAIEERASHITL . & 512 NOS
cDNA D7 o—=v7icblIL, BEZHOohITL
7= (Yuda et al., 1996b).

5) Prolixin-S & NO OEERE L 2 0/ Y

Prolixin-S & NO # 2 %/B& L, stopped flow spec-
trophotometer iC & - T, MHZEDLARKIE% 400 nm
OBRFNDOEIC & > THEN. £ DR Prolixin-S &
NO ORIGIEVRIG EBWRIED 2 o BkE s
TEEHMICLE. FROONIGORBELEDERER
MAHERE - pH TR, 20ORRD SRIGLEDWR
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Ky of Hemoprotein-NO (M) Ratio
; (20°C pH6.0) : 1.0x101 1.0

Prolixin-S (Fe3*) (.« pH7.4) | 13x102 1.3x 10

; (+ pHBS) | 25x102 | 25x10

(37°C pH74) : 32x102 | 32x10

Hb (human) ! 1.0x10€ | 80x107

Hb (sheep) (Fe2*) (20°C pH7.0) | 2.0x104 | 15x105
Mb_(whale) ; i..70x1038 ' 54x10%

THb (opossum - @) TN 0% 104 T T 1.0x 103

Hb (opossum - g) i(Fe3*) (20°C pH7.0) | 17x105 | 1.7x109

Mb (whale) : i 26x105 26x 104

(%)
omorroen) =
Kotr
(%)

kon

Hemoprotein @

Fig. 8. Models of dessociation and association of hemeprotein and NO. Top and bottom figures indicate
models of NO with Prolixin-S and regular hemeprotein, respectively. Hb, hemoglobin; Mb, myoglobin.
Ratios indicate the comparisons with Kd of prolixin-S (20°C pH 6.0).

EMKIEAHBELTE LD 6D, Fig. 8 TH 5.
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2 DA KdMIEFEiIc/hE ¢ (human Hb: 1.0 X
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L1ch TZ 30T, NODEME carrier iciih 5 & W
SERINHKEEAS > TW 3 (Kaneko et al., 1999,

Kaneko et al., 1999).
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Prolixin-S I NO 2 && Lt EFEmE TN S,
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Fig. 9. A model of anticoagulation and vasodilation mechanisms in Rhodnius prolixus. Rhodnius
salivary glands produce and keep anticoagulant hemeprotein Prolixin-S which is associated with nitric

oxide NO in low temerature and pH conditions.

Prolixin-S injected into host animal blood vessel

inhibit coagulation reaction and release NO in higher temperature and pH conditions which induces
smooth muscle vasodilation and inhibits platelet aggregation.
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Prolixin-S R Ii&EK-FTH % L HKiIC NOOHEY
|2 carrier & L TOBEEL b oBHDTa=—1845 v
JHEEVZDL, FAV U HARIDIDHIKATERBE
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