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Abstract

A protease inhibitor protein with the molecular mass of 11,804.931 Da was isolated and purified
from Aloe barbadensis Mill (Aloe vera) leaf gel by ion exchange chromatography. Therefore, this protein
was designated as AVPI-12. The isoelectric point of the protein was about 7.43. The first ten amino acid
sequence from the N-terminal was R-D-W-A-E-P-N-D-G-Y, which did not match with other protease
inhibitors in database searches, indicating AVPI-12 is a novel protease inhibitor. AVPI-12 strongly
resisted digestion by the serine proteases human plasmin and bovine trypsin. AVPI-12 could protect the Y-
subunit of human fibrinogen from plasmin and trypsin digestion, similar to the human plasma serine
protease inhibitor OL,-macroglobulin. In addition, AVPI-12 could also protect the Y-subunit of fibrinogen
from the cysteine protease papain digestion. The results of colorimetric method and small-angle X-ray

scattering showed that AVPI-12 could protect human fibrin clot from complete degradation by plasmin.
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(3710 http://gustavothomasflowers.blogspot.com/2009/05/aloe-vera-flower-at-de-young-museum-
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3.1.1 Bicinochoninic acid (BCA) assay kit (Pierce, Rockford, USA)
3.1.2 IEF pH gradient strip 7.3 cm. pH 3-10 (GE Healthcare, Sweden)
3.1.3 thewazasniou 9 19veau5Hna1a 9 Ao Sigma (USA), Fluka (USA), GE Healthcare

(Sweden), Carlo Erba (Italy), Merck (Germany)
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1 un ldnnaiuluinaueiii taznseaniefv Juaie centrifuge (13,000xg) 1iunan 1
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P ]

GIQ;J’JT?JQ wag i laun dialysis @18 25 mM sodium acetate buffer (NaOAc) pH 4.5 uﬁ"sﬁﬂﬂﬂu
&0 high speed centrifuge 92 ldd@uaznoULINBENIINAIMT 1A ﬁ”ldau“lﬁ"lﬂﬁﬂﬁ'ﬁqmé (purify)
#18 cation exchange chromatography (SP sepharose)Tﬂﬁliﬂsﬂ} step gradient salt elution @18 NaCl A
WU 0-0.3 M NaCl 11 25 mM sodium acetate buffer (NaOAc) pH 4.5 @18 flow rate 1 ml/min Lﬁ'ﬂ
fraction 8% 2 ml AnAW peak voslilsAulaginn1 OD i 280 nm wm'ﬂﬂi?mﬁ@aﬂqmégﬂuv%q
fibrinogenolytic {18 fibrinolyitc inhibitory activity (AVPI-12) %8Qﬂ%$@ﬂﬂllﬂi!°ﬁ’)ﬁ 0.1 M NaCl (9. Qgﬂ
fi 2) TlsAudandnivina Tuangadind 14 kDa ileTins11H@s 12.5% SDS-PAGE (3l 3) ¥daa1n
¥4 fraction maﬂﬂsauﬁ@aﬂqm%ﬂz pool FINAU UAT dialysis A28 25 mM Tris-HCI pH 8.0 uag
1 1115l umsnagew activity 19 9 Tusuneudo a 'l u@ﬂmﬂﬁwuiﬂﬂi?}uﬁaanqmézﬁ@‘imiwﬁ
&1 12.5% SDS-PAGE aztiiunauTal5au luan112 reducing 878 2-mercaptoethanol 9zindoufiuuia
Y&%1n 31 Tuan 1z i 1 2-mercaptoethanol (non-reducing) Maluan1iziiiinmsduaz liduiodai

95°C nouNazienaIe SDS-PAGE (314 3)

3.2 MamanuInTIuvaailsau

d o

a ¢ Y A vy 3 L& Aax a 2 o
T IEHANMAINIUV09 115AUA81101 BCA assay kit 3905 MIAAT12HaeU a1sazaie
T158U 0.1 ml WENAVUE15a2A18 BCA working reagent 2 ml 11111 incubate 1 37 °C w1 30 wIH ¥
[ { . . I
anududuIagianiganauuds (absorbance) 1 562 nm 1ag 1% bovine serum albumin (BSA) 1iu

Tisaumnasgiu
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Salt gradient
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0.25 - J
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0.05

0.00 v T v T Y T v T v T v 1
10 20 30 40 50 60
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v '
gﬂ‘ﬁ 2 Chromatogram ¥94N13%11 AVPI-12 Glﬁl‘]J'iq NBA2Y cation exchange column chromatography ¥U®

SP sepharose



20.1-

14.4- — Reducing

_I—Non-reducing

51 3 SDS-PAGE (12.5%) uaasniunidqniveslsau AVPL-12 nieuiioussuiaunn Tosiuly
ﬁ’ﬂ”l’w‘ﬁﬁ 2-mercaptoethanol AT reducing agent (lane 2 U8 3) LAY ﬁm’;z‘ﬁ"laiﬁ 2-mercaptoethanol
130 non-reducing condition (lane 4 1A% 5) 3 UAAZATMS AN (lane 2 and 4) uaz AN FIod
(lane 3 1ag 5) igaivighl 95°C U 5 117 ABVIENAIY SDS-PAGE 1102 lane 1 A0 standard molecular

weight protein markers

3.3 MImanunsnezilualemnatin N-terminal sequencing

Tdsau spot UDY AVPI-12 'ld9n 2D gel electrophoresis 714503 blot a9 PVDF membrane
1182801A8 Coomassie brilliant blue R-250 11 11vddunsaeii Uy N-terminal sequencing A
Edman degradation method HamsnaaesnuN ldsauasnaniiaraunsaeziu 10 aawsnandate N

Y
V94 polypeptide chain A4l

R-D-W-A-E-P-N-D-G-Y
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3.4 mamvnavedlUsAudamatin Mass spectrophotometry

a 4
YU1AV04 115AU AVPI-12 31312 A28 matrix-assisted laser desorption/ionization time-of-fight
I o a J
(MALDI-TOF) mass spectrometry Tagld sinapinic acid (SA) 111 MALDI matrix 1ag91n15A518H &
WieLImIvesnnIvina TuTadgdinm auginemans umInerdouiag NFUNNUKIUAT HANS

NAABINDI intact mass YOI AVPI-12 u11a 11,804.931 Da (317 4)

x104
11804.931
5
4
Ly
3
5,
2 3
‘@
=
Q
i
=
2
5901.278
]
1
0 _,-—-F-“"""".' TR i b e I A
6000 8000 10000 12000 14000 16000 1 SEIJOO 20000 22000 24000 miz
Mass/Charge (m/z)

gﬂﬁ 4 Intact mass U9J AVPI-12 AR5 MALDI-TOF mass spectrometry

3.5 Two dimensional SDS-polyacrylamide gel electrophoresis (2D SDS-PAGE)
TsauihlduSgnianududu 100 pg  shumendrenszuaTihamwseqlu first

dimension Tag 14 pH gradient strip pH 3-10 173 7 cm wazyihmsuen 1Usaua1uvuIa melecular weight

%ﬂﬂ%ﬂu second dimension 28 12.5% gel SDS-PAGE 1a28euT15AUAY colloidal Coomassie

brilliant blue G-250 A3 1:1/7%’6@51’ SRRSIETERY ImageMasterTM 2D Platinum software (GE Healthcare,
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Uppsala, Sweden) WU21115AUNYU1A molecular weight 1581184 12 kDa Ntiiea1114 subunit uagiian

isoelectric point (pI) sz 7.43 (Llﬁﬂﬂﬁﬂgﬂﬁ 5)

pH 10 > pH 3
kDa

97-
66-

45.
30-

20.1-

14.4- AR

517 5 Ha 2D gel electrophoresis ¥o4115A1 AVPI-12 R 1D 0T a1 pI Uszunm 7.43 (Aagnasd)

3.6 ANNAUMUABNINEBHA Y proteases

ANUAIUNMIUVETUTAY AVPI-12 ADN1QNEDEAIY proteases A1 9] NATOU TABNITHAN
Tisau (10 LLg) nu Tdsaea (2 LLg) ARLFHA AO human plasmin, papain L8 bovine trypsin Lag

incubate 11 37 °C 15 ua1 24 %3119 NE9191ATUAY SDS-PAGE sample buffer @11 95 °C a5
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HUIN LANUATIZHAANIY 12.5% SDS-PAGE AIAIUANUBINITNATDOUAD muwaw”lumau”lmmm“l%

25 mM Tris-HCI pH 80 11U Wan3naaed¥indf5eufieusy human plasma OL-macroglobulin #a1flu

., A A ¢
protease inhibitor mwu"l?ﬂumammwya

HANINABDINUI AVPI-12 §13150NUABNTEOEAIY human plasmin 1A bovine trypsin (A

1 A k) 4 . ~ =< 1 . .
Qﬂﬂﬂﬂ!ﬂﬂﬂﬁhﬂﬂiﬂlﬂujcﬁu papain (gﬂ% 6a) ¥IN1991N OL,-macroglobulin Tay OL,-macroglobulin
NUNUADNITEDIAIY human plasmin UAYNIDIINOUWNAAIY bovine trypsin LAZHOIIUNNARY

papain (§ 1/ 6b)

a b
1 2 3 4 5 1 2 3 4 5
kDa
kDa kDa
97-
66-
45. -197
97-
30-
66-
20.1-
14.4- 47
30-

v
=

31 6 AnwAIMUABNITYNE0ERIY proteases YBI AVPI-12 (a) ag OL,-macroglobulin (b)
1A inhibitor VNANNY protease AAz¥HAA® human plasmin (lane 2), papain (lane 3), bovine trypsin
(lane 4) 18 control TRIERGORI protease (Lau 25 mM Tris-HCI pH 8.0 4nU) (lane 5) 1A lane 1 Ao

standard molecular weight protein markers

3.7 MInaaa fibrinogenolytic inhibitory activity
3.7.1 Fibrinogenolytic inhibitory pattern
o ¥ ' . v 7 A . .
gﬂ‘U‘UmiEl“UENmiEI’E)EJ human fibrinogen doou lasinng €] ® human plasmin, papin U
bovine trypsin 12 AnE11A8N15AALYAI91NITUB Rajesh ttazame (2006) imMsnageu lagtiunas
protease (2 Llg) WU AVPI-12 (10 Lg) 1u total volume 20 LUI 1ag incubate #1 37 °C 1iluan 60

(% 3’/ 1 1 o 1 a a $
W HEINUUAIUHTNTENII AVPI-12 tazion lsiuaaz viia azi@uaslunasanaaesiill 50 LUg
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U9 human fibrinogen Taeld 25 mM Tris-HCI pH 80 Wudrriazats 1914 total volume 40 L tae
incubate 1 37 °C 1Huna1 120 W1 ngA§A3e1&28 denaturing buffer (UsznoURI6 1M urea, 4% SDS
A 4% 2-mercaptoethanol) ATILHNAAIY 10% SDS-PAGE Liazfou9ani8 Coomassie Brilliant Blue
R-250 Namimamﬁ“lﬁ/%ﬁﬂmuﬁﬂmﬁﬂuﬁmmﬂu fibrinogenolytic inhibitory activity Y83 OL,-
macroglobulin

wamimamwudnﬁ%ﬂ AVPI-12 11ag Ol,-macroglobulin amnsoilesnu Y-subunit ¥®3 human
fibrinogen 91AN13898A28 human plasmin (a2 bovine trypsin "lﬁ'ﬁ’mﬁm”lugﬂﬁ 7 wonMARBaNLNM
AVPE12 dunsndues Y-subunit 04 human fibrinogen 91AN13600870 papain (317 72) 1A L -

macroglobulinllﬁ MuT0guT e @G 19 7b)

a b
1 2 3 4 5 6 T 8
1 2 3 4 5 6 7 8 s, «Da
kDa
-197
97 97-
o6 AT 66-
- KBﬂ
45 o
T/
30-
30-
20.1- 20.1-

31]‘?17 Human fibrinogenolytic inhibitory patterns Y94 AVPI-12 (a) tta¢ OL,-macroglobulin (b) Ao
L’f)u"lclfﬂ’plasmin (lane 4), papain (lane 6) Kag trypsin (lane 8) HansnaAaoulIewNeuNy human
fibrinogen (lane 2) i8¢ human fibrinogen ﬁgﬂﬂ"ﬂﬂﬁl’m plasmin (lane 3), papain (lane 5) Lag trypsin

(lane 7) lane 1 (489N standard protein molecular weight markers

3.7.2 Human plasmin fibrinogenolytic inhibitory activity
4 Y
N1799NHNTYVYINITYDY human fibrinogen #18 human plasmin U®3 AVPI-12 Anu1laons
Aau1/a9InITUR4 Satake tAzAML (1963) ININATOV IAYMIWAN human plasmin (2 lg) A1

AVPI-12 15012619 9 (0-10 Llg) 11 total volume 40 U1 1@2 incubate #1 37 °C 1Funa160 Wil

9
% ] v

@ ' 4 v o & a {
wmmﬂuummuwﬁmzmm@u'lmmmzmwmmnaﬂuwa@wﬂamﬁﬁ 10 mg/ml human

fibrinogen 1 25 mM Tris-HCI pH 8.0 1Fudviiazato (40 L) uag incubate 71 37 °C 1iluan 120

Wi naIniungalnse1de 10% (whv) trichloroacetic acid (TCA) Usn1as 40 L waziluf

10,000xg 111 20 W17 dulainil digested peptide Usw1m 25 LI w1iaanududuAI0 BCA assay
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. [ 9 aan o g’z =® 1 A d' d'
kit (ﬂ\illﬁﬂ\iﬁluﬂl@ 3.2) ‘IJJ;]ﬂiEﬂﬂTiEJ‘UﬂﬂﬁﬂHWﬂWﬂﬂWﬂWiﬂﬂﬂauuﬁ\‘]ﬂ 540 nm NaAad Blank YDIN1T
{ ] U 4 ' [ [ 2
mamﬁa‘Via’aﬂﬁ"luﬁmuwammmu"lmmmz human fibrinogen HAAENITNIADININITNAADIH 3
g . A aza  Aa .
39 LAY positive control AB ‘ﬂ;]ﬂﬁ 81U OL,-macroglobulin
) 9 v Y 9
Nﬂﬂ"liTIﬂﬂﬂQW‘]J'J”ILﬁ@‘]JiiﬂﬂHl@ﬂ AVPI-12 W%@@]’JEJ‘]JENLW?J%H?H&IT:TE]EJ‘UElxiﬂ”l'iﬁ”lﬁuellﬂﬂ
. v X o Y1 = A X A A 2K 1
human plasmin llﬂll1ﬂ"ULlTﬂEJ‘W"Ii‘Hﬂ”Iﬂ1§§]ﬂﬂauuﬁ\W] 540 nm aAdININUY (qﬁj‘]J‘V] 8) NIDLHEAIDIN
g 1 [ . .
ALY plasmin #14139898 human fibrinogen ENCRERRIA ] digested peptide products aAaN HWa

MINADDIADAAZDINY positive control Ao OL,-macroglobulin (gﬂﬁ 8)

.35
e ] e
o .25 -: —O— ap-Macroglobulin
< i
w0 r
o .20 1
o [
= i
g 151
o i
2 101
< |
.05 1

0 2 a 6 8 10 12
Amount of Inhibitors (ug)

sUn 8 Fibrinogenolytic inhibitory activity U84 AVPI-12 LU dose dependence #© human plasmin Tag

U

I
it OL,-macroglobulin Tl positive control
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3.8 MInaaay fibrinolytic inhibitory activity
3.8.1 Ainm fibrinolytic inhibitory activity @28 colorimetric detection
W38 fibrin clot Iaamsaaulasitues Rajesh tazame (2006) 1 ldTaswaw 31 W Y09
human fibrinogen A11A1AUTY 20 mg/ml @26 3 LU 494 0.5 M CaCl, 11ag 6 LU 04 0.25 NIH units

2 2 5 4 - o 2 o (4
human thrombin ttazAsNa 13 1%udaNguugivies 30 wIH wae N fibrin clot 9211111 1dTunaos

U

NAADI1l plasmin 4 [g 1Az AVPI-12 12 Ug USuasianua 40 W Akumsil§isendi 37 °c i

=

= I 3’, Y gjj o Aaan [ a9y 3 ==
119160 UIMN ﬁﬁ\‘ﬁﬂﬂuuiﬁﬁ?ﬂﬂﬁﬂﬂﬁﬂﬂﬂﬂ?ﬂgﬂﬁMﬂUﬂ UHYUD Wua1 150 W1 39nga

Ufnsendie 10% TCA USuas 40 W uazihlUiui 10,000xg W1u 20 WA Faanududuves
Y v
digested peptides 720 BCA assay kit (fauaaslude 3.2) Ufnzormsdudidnuininainisganaunasi

{ { 1 4 1
540 nm NaAad Blank voamsnaasinevasai lulidunauveaen lasiiias human fibrinogen HAAY
=

Y Y PN 1
N1TNMADININITNAADIFT 3 A3 LA positive control Ao ﬂg]ﬂiﬁﬂﬁll OL,-macroglobulin ~ &74130

° I I 14 . .. IO Y v 9 '
Mualosisua fibrinolytic inhibition lanaaunsineans

(E-D

E X 100

Fibrinolytic inhibition (%) =
Ty E flo activity U84 plasmin Tuan1gi 1aidl inhibitor

IGh) activity Y94 plasmin Tuen12Ni inhibitor

HANITNAADINLII fibrinolytic inhibitory activity U839 AVPI-12 1a¥ OL,-macroglobulin AONT

MAUVDY plasmin UAUNIAY 37.4 = 1.0% Hag 41.1 +2.1% Mua1ay (aadluziln 9)

3.8.2 finm fibrinolytic inhibitory activity A28 small —angle X-ray scattering (SAXS)

Small-angle X-ray scattering (SAXS) T4 lunsnaaeumidy fibrinolytic inhibitory activity
Iﬂﬂﬁ?ﬂ”l'i‘ﬂﬂﬁ’ﬂ\i U izuuﬁ’nﬁﬂmmﬁ BL-2.2 meqamﬁu?%um@uimmw (@Qﬁ'ﬂ"lﬁllﬁ"lslﬂ!) .
UATIIF fibrin clot 1583 TABNITHEY 77 LU Y89 human fibrinogen (20 mg/ml) §38 8 LU Y03 0.5 M

CaCl, iag 15 LU U943 0.25 NIH units thrombin aalu sample holder Anseesinetladie kapton tapes N9

Pngaingiviod 30 117 a0 INTUAN 80 LUl YOIA15HANTZHIN plasmin 8 Llg 1Az AVPI-12 24 |lg

q

a a9

fldingRserdundrfiganigi 37 °C 60 min @‘T"qﬁauwauﬁ’wmﬂﬁqmwgwmgﬂunm 150 w17 17
i lURnpnsiasuniasves fibrin clot #38 SAXS Tns1ziratoyadieTUsunsu SAXSIT version
3.61 OL,-macroglobulin LT positive control UBINITNANDY

Namsmaamamiugﬂﬁ 10 W19 peak position U4 fibrin clot 1131 1uan 1921 inhibitors

Y v
N3 AVPI-12 1182 OL,-macroglobulin %30 1140122 N%uA plasmin 1az fibrin clot a1 9 NWUNA UK
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Y93 peak ¥30 A1 q WA fibrin periodicity Intasunlasivsuin 1aAUGIVDI peak FaaAIDa

. { . S . '
52312194 fibrin clot clot aAa4 ¥393M51/A8UINNIL solid state 11)iT]u liquid state WuNTunA1I

9
v v

1 v 1] v
% fibrin clot 118 plasmin ANNFIVOI peak VA1 1AzINONAIGUIINT D inhibitor NI AVPI-12 1Az

9
a o

o ' . { @
OL,-macroglobulin  AYNUFIVDI peak IEAINIT peak VDA fibrin clot Tuaazin ludivaeu laivay

<
inhibitor 1AN10Y

ition (%)
W e
o o

Inhi
N
(=]

—
o
]

AVPI-12  ap-Macroglobulin

Inhibitor

51U 9 Waves AVPI-12 @0 fibrinolytic activity 484 human plasmin N13nAABIlY OL,-macroglobulin

N .-
11l positive control
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1.0 1
Fibrin
----------- Fibrin + Plasmin

:Ei 8 - ———— Fibrin + Plasmin + o,-Macroglobulin
g —_— Fibrin + Plasmin + AVPI-12
9
j= .6 -
©
(]
N4
©
=
o .2
> -

0.0 1 1 ' !

.20 .25 .30 35 40

q (nm-1)

gﬂﬁ 10 SAXS spectra LA fibrinolytic inhibitory activity U843 AVPI-12 @0 human plasmin Taels o,-

- ..
macroglobulin 11 positive control
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Unn 4
%ﬁ]”l’iﬂiﬂﬂﬂ”liﬂﬂaﬂﬁ

v
¥ 2 £ 9

Aa o YA o [ = o Yy Aa v 9 A
NTUHIYATIU ﬂﬂlgﬁjﬁﬂﬁlﬁWN1ﬁﬂﬁﬂﬂ1ﬂiﬁulla$‘ﬂ11ﬁﬂiﬁ‘ﬂﬁ%Wﬂ’Ju‘llfN'NuW%‘l‘ﬂﬁ&‘ll ulﬂ

C) q

v S
%

=S [ ' = ‘Sll} d’ ' = = [ 1 v
Tﬂmumﬂanmmﬂimaqaﬂixmm 12 kDa aga%¥931 AVPI-12 Gﬁﬂiﬂi@uﬂﬂﬂﬁ”ﬂﬁﬁiﬂiﬂﬂ‘ﬂﬂﬂ
o 2 ' Y A L L o &
ﬂﬁmqmmmmu%uiuﬂqm proteases llﬂ mmmmqmgﬂu protease inhibitor Taga1us0dugIn1g

o o 1 . . 4 . a
Wauveseu lanilumsdos Y subunit Y94 human fibrinogen aetou ol serine proteases TUA human
L U 1 I f
plasmin 4L81¢ bovine trypsin i Lau”lcnmiuﬂqu cysteine proteases [¥U papain FHudu uenanil AVPI-
v A 9 1 ] Y 4 . . Y 1 . 49’ @
12 ENlIﬂ'NlIGﬂH“VﬂHGI@ﬂWiﬁlﬂﬁlﬂ’Jﬁllﬁluulcb'll plasmin L trypsin hlﬂﬂﬂ’ﬂ papain UONIINU AVPI-12 &3
' ' Y Looa a A4 . . . = FY A o=
NUABDNITYDYANIY trypsin an11dsaunilu serine protease inhibitor ﬂwu'lﬂima@mmwyﬂmaﬂ
Q( 1 [~ A A . dy 1 =\ Y A
NTADTSUUNTUUINIVOUADA AD OL,-macroglobulin HANITNAABIULLTAIIT AVPI-12 lJ!L’L!'JI’L!ﬁJ“V]
A 1 A Y 1 . A A A ?1’1 I
%zmumumaag‘luﬁmaxm proteases 1lﬂﬂ'ﬂ’ﬂ OL,-macroglobulin mawmimmmﬁuummﬂmﬂu
. . = P @ = ~ 9 A A
protease inhibitor Qg "Uu”IﬂTﬂJmf]‘ﬁsUi’N AVPI-12 ‘W']J’J"IiJﬂ’JTJJlﬂaLﬂﬂﬂﬂUTﬂi@u%WUqﬂ%TﬂW%ﬂﬂ
wa 1 $
ﬂmﬁmmﬂu proteases inhibitor I¥U cystatin family 1 ANvuIaYszana 11 kDa (Ryan tiagnme, 1998),
protease inhibitor 114ng Kunitz 118 Bowman-Brik &4 Taen lwuniivunaiseum 18-24 uaz 8-10
kDa (de Oliveira HagAE, 2012) (HBNTAUINATIAVYBINTABL N 11 10 #I115n1N1a18 N-terminal
= A = o @ a ~ v ?,‘ o =) a
¥0411/5AU AVPI-12 D R-D-W-A-E-P-N-D-G-Y Fuiludavueeniaogii Tun luginuTisausiiala
9 H v 9
9 11 databases 3914 protease inhibitor IMNNBFUAA 9 (Aataadlua1san 1) aaiullsausiaiiv
L] a 1 1 [l o g.}l 4
%mnﬂu protease Glfuﬂalfﬁll LAagANANNFAINITONUNIUADNITYDY !L'ﬁgﬂWﬁEJTJENLEJuhl“D'iJ protease Gl,u
1 . Yy Y 1 = Y < . . . .
NAY serine protease 1@auee AVPI-12 uaael¥iifiudl AVPI-12 finua Tduiluy serine protease inhibitor
| 1 v
1NNMINaaeIn sy fibrinogenolytic inhibitor Y93 AVPI-12 1® human plasmin W11 AVPI-

v
v %

£ 1 . ¥ I~ [ . L g o
gNTdVEIN15808 Y subunit Y99 human fibrinogen IAALHLOUAY OL,-macroglobulin Huijua7

—
)}

2

Y v
3994 human plasmin TunszLaaen 1azdaduEe human plasmin AL dose dependent H#3A1500N

€
=
e

Ed
Y %

4 )
gNTEVEIN15608 Y subunit Y09 human fibrinogen 14 DoNTanudiAny Hosnnlusssumnaves
2 o A A Y~ v . A q ya Y] o .
NTEUIUNTUVINIVUDUADANISADIUNITAT N fibrin clot L‘W@Glﬁ!ﬁf)ﬂﬁfalﬂll‘l’iauu AOIDIFAY Y-subumt
. = "o A . Yy 1 19 ¥ 1 £
Y04 fibrinogen 1UMINILFIITNBINTOAIANINUDA fibrin polymer THnHeiuliligndosaais 1@
SRl g ﬁ)’JEJﬂiz‘U’mmi fibrinolysis (Mosesson LagAME, 2001)
¥ @ 1 o ?1’1 [] [] [] 4 o
uoNINUFINUI AVPI-12 aw1506u63 i 1dTinsedes fibrin clot Ided19auysaininmsi
: <3 ] @ [
ﬁf’]ﬂﬁlﬁﬂ colorimetric method 491y SAXS @Qwamswﬂammﬂ SAXS %zmu"lﬁ'amwm%u’n AVPI-12

Y @ 1 Y v 7Y . Y A o VA
fT"IiJ"IiE]‘]Ji’NﬂUﬂ1§Qﬂ8@81ﬂﬂﬂ1ﬂﬂNuimﬂﬁﬂ plasmin llﬂ Iﬂﬂﬁ]ﬁ]"lﬂﬂ’ﬂﬂ@ﬁﬂ]ﬂﬂ peak mmmqqagm@

'
= v = '

1oV peak YDA fibrin clot 1YNE0AIY plasmin Tuan19zN1aiTl inhibitor 1182 peak YDA fibrin clot f

2 . o : 3
i394 inhibitor 118 plasmin FIHANIINAABIFOANGEINUKAN 1A91NN15 1% OL,-macroglobulin 111
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¥ 9
Y v A

inhibitor FaWan1snAaean lansetinin SAXS InNurenela 1asNUI1 SAXS spectrum V04 fibrin
a1 [ Y A v d‘ = '
clot UM g HOE ANHUSVDI peak GlﬂaLﬂENﬂ‘]J“VILﬂEIﬂJﬂWﬁﬂEI\ﬂuIﬂEJ Brown Hagame (2009) Iﬂﬂfﬂ q
1 - " W o Y4
V04 fibrin clot 92 A1Y52118 0.285 nm™ #30 (MAV d = 22 nm TABANNTUNUTVOI ¢ Uay d ¥n'la
& A - { = A . TRV PUUR B~

910 wave vector FINTUNITIANU g = 2TU/d B3 d AD fibrin periodicity 11128111 nanometer (Brown

o . A ~ < 9 2 A A (=)
uagaAe, 2009) LAZWUIANTg VDI fibrin clot nJaﬂuuﬂmmmmﬂuaamiuﬁm’;zmmaﬂw

d A . . ] A . 1 Y . 1 A -1 A

1o s3] 1150 inhibitor 15U lueA1ILN fibrin clot 9NYDYAIY plasmin A1 g UMz 0.288 nm” 150

=\

d U519 21.8 nm UAAIANINEGIVO peak NeNAUIDI plasmin 1AAIDIINNITAAAIVOA fibrin clot

A g < . & L. N A o
RN EARPEATIR AL RIIATR (solid state) el uveuran (liquid state) ASINDNNIIUEYN Y139 inhibitor N1

1 a [l 4 o ] [ @
Timsgndeednanionala iauysainugaued peak 1983n3gogrsoanasaniosaaansluma
MINAadgI 10

NHNANITNAANDI N-terminal amino acid sequencing, fibrinogenolytic inhibitory activity,

Y
= 1 1 I
fibrinolytic inhibitory activity HANTNATOUNINTUAN TIUNIHA SAXS WU AVPI-12 13]U serine
v Y

protease inhibitor ¥Ha IMuNa 152 FUEINTH19UYB4 plasmin TAARI1BATINY plasma serine protease

inhibitor A® OL,-macroglobulin LANAINAIUNIUADNITYNGDIAIY proteases UINNIT LAAIIT AVPI-

o I J
12 finua Tduazwann1diiluenqu antifibrinolytic treatment 18
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M9 1 1WSeuneua1auveInsaoil 1u1n N-terminal ¥4 11/5AU AVPI-12 AU proteases inhibitors

NANVFHAA )

Protease Inhibitor

The first 10-11 amino acids

at N-terminus

Similarity References

(%)

AVPI-12

Cysteine protease Inhibitor

(CP)

HCB-Sunl

Oryzacystatin [

CPI from apple fruit

CPI from soybean
Heat-stable serine protease
Potide-G

Kunitz trypsin inhibitor
SSTI

ERYLA

PROJU

ACACO

EATI

RDWAEPNDGY

PYGGGGTESG
MSSDGGPVLG
DNQGSANSVE

AALEKVQELG

QICTMCCAGRK

KTQVLDANGNI
VLLDGNGEVVQ
QELLDVDGEIL
KELLDADGDIL

NELKDMEGDIL

- Zhang et al. (2006)
- Ryan et al. (1998)
- Ryan et al. (1998)

- Ryan et al. (1998)

- Kim et al. (2006)

- Macedo et al. (2011)
- Ramos et al. (2009)
- Oliva et al. (2010)'
- Oliva et al. (2000)’

- de Oliveira et al. (2012)

= 1 ) = o
) Nﬂ?WiJLLG]ﬂG]N@EJNG]ll‘JJEJHEJ

HCB-Sunl (Helianthus annuus, sunflower seeds cathepsin B inhibitor); Potide-G (potato tubers, Solanum

tuberosum L. cv. Golden Valley serine protease inhibitor); SSTI (Sapindus saponaria L. seeds trypsin

inhibitor); ERYLA (Erythrina latissima trypsin inhibitor); PROJU (Prosopis juliflora trypsin inhibitor);

ACACO (Acacia confusa trypsin inhibitor); EATI (Entazada acaciifolia (Benth.) seeds trypsin inhibitor)



NN 5

Y
ﬁ?ﬂ!!ﬁ%ﬂﬂ!ﬁﬂﬁ!!ﬂ%

9 Y
v A

ao % = 2 A A 3 . . . A
NuITeAsel 1A 1sAu AVPI-12 muﬂmﬁum“luﬂmﬂu serine protease inhibitor NUYUIA

=

o 1 d 1 a 4
Y3z 12 kDa FalndReann TUsaunilu protease inhibitor 11 1@ 1nNwwHAdY 9 AVPI-12 13150
Y (7 . . ' Y a ' A A £
foanu Y-subunit  ¥Y®4 human  fibrinogen  1NNITYDYAIY proteases  FUAAN ] HIDUNT
v
fibrinogenolytic inhibitory activity ‘L!’e)ﬂﬁﬂﬂﬁWiJ’J”lﬁﬂmmﬂJ@ fibrinolytic activity NANINADDIAIY
. i A < . . . . ..
colorimetric method (8¢ SAXS Tﬂﬂﬂmﬁ A lunmsiilu fibrinogenolytic inhibitory activity g
H 4 9
fibrinolytic inhibitory activity Y84 AVPI-12 AMEADINY protease inhibitor ﬁﬂ@ﬂﬂﬂ‘ﬁ&lﬂ&l\iﬂﬁﬁNWH
. A d A | 129 A 1A = Y 1
Yo plasmin Glmaamamuw D Ol,-macroglobulin UANVDANIIAD AVPI-12 UANUATUNIUADNIT
"y 2 ' . . Y L e 2 ~
Qﬂﬂﬂﬂﬂ?ﬂlﬂuhl“ﬁll(luﬂqu serine LIQY cysteine protease laana OL,-macroglobulin A9UU AVPI-12 U

1 $ { o [ <3| ' . . .
AMUNUNIUYINNI OL,-macroglobulin ~ FunuzRvziimuir Tl uerlungu antifibrinolytic

agents

9
[ 1

é a o I o o = = QJ = d” J
Falun1539easeae laazditoazihimsfinyifamseengnives TilsAutidonszuaums
@ <Y A sA 1 Y = [ . . Y
nazatemaudeiiveudeauyydon q ae 1l 2uMsd@nYINTIUAY (binding) V09 AVPI-12 A
J o 4 { < o o
oulagian o naznaassldludainaaouieNiziludoyalumswaumi avei-12 114 ums

$nuviseileanulsaldesa
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Abstract A protease inhibitor protein with the molecular mass of 11,804.931 Da (analyzed
by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry) was isolated
from Aloe vera leaf gel and designated as AVPI-12. The isoelectric point of the protein is
about 7.43. The first ten amino acid sequence from the N-terminal was found to be R—D-W—
A—E-P-N-D-G-Y, which did not match other protease inhibitors in database searches and
other publications, indicating AVPI-12 is a novel protease inhibitor. The band protein of
AVPI-12 migrated further on nonreducing sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) than reducing SDS-PAGE. This result indicated that the molecule
of AVPI-12 did not contain interchain disulfide bonds, but appeared to have intrachain
disulfide bonds instead. AVPI-12 strongly resisted digestion by the serine proteases human
plasmin and bovine trypsin. The protein could protect the y-subunit of human fibrinogen
from plasmin and trypsin digestion, similar to the natural plasma serine protease inhibitor
ox-macroglobulin. The protein also could protect the y-subunit of fibrinogen from the
cysteine protease papain. AVPI-12 also exhibited dose-dependent inhibition of the fibrino-
genolytic activity of plasmin, similar to o,-macroglobulin. The fibrinolytic inhibitory
activity of AVPI-12 and the small-angle X-ray scattering showed that the protein could
protect human fibrin clot from complete degradation by plasmin. The inhibition of the
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fibrinogenolytic and fibrinolytic activities of plasmin by AVPI-12 suggests that the inhibitor
has potential for use in antifibrinolytic treatment.

Keywords Aloe vera - Fibrinogen - Fibrin - Protease inhibitor - Fibrinolytic - Fibrinogenolytic

Introduction

Proteases or proteinases are proteolytic enzymes naturally found in all organisms. They are
involved in a multitude of biological systems. Actions of proteases can be inhibited by
proteolytic degradation and their inhibitors [1]. Protease inhibitors can be either high or low
molecular weight substances including proteins [2]. They can affect many biological mecha-
nisms, for instance, hormone metabolism, immune systems, blood coagulation, and fibrinolysis
[3]- Almost all organisms contain protein protease inhibitors (PPIs) [2]. In plants, they distribute
in tubers [4], seeds [5], fruits [6], flowers, and leaves [7]. They are produced in germination and
in defense mechanisms [2]. At present, many researches have been published about the
potential use of PPIs as therapeutic agents, for instance, anti-human tumor cell proliferation
of Enterolobium contortisiliguum’s PP1 [8], antimicrobial activity of plant PPIs [9], and anti-
human blood coagulation and anti-fibrinolysis of Pau Brasil seed’s PPI [10].

Aloe vera has been extensively used worldwide for various condition treatments ranging from
dermatitis to cancer [11]. The constituents in A. vera leaf gel are polysaccharides, glycoproteins,
minerals, etc. [12]. However, the active components in the 4. vera gel especially protein contents
have not been well elucidated. The present study describes isolation, purification, and biochemical
properties of a novel protease inhibitor (AVPI-12) from crude protein extract of A. vera leaf gel.
For elucidation of the potential use as an anti-fibrin clot lysis by human plasmin, its fibrinolysis
and fibrinogenolysis (or fibrino(geno)lysis) inhibitory properties were also investigated.

Materials and Methods
Materials

Polyvinylidene fluoride (PVDF) membrane, 7 ¢m immobilized pH gradient strip pH 3-10,
molecular weight marker for sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE), and SP Sepharose™ Fast Flow (1.5%3 cm) column were purchased from GE Healthcare
(Uppsala, Sweden). Bicinchoninic acid (BCA) assay kit was purchased from Pierce (IL, USA).
Human fibrinogen, human plasmin, human thrombin and human plasma o,-macroglobulin,
papain, and bovine trypsin were purchased from Sigma-Aldrich (MO, USA). Other analytical
grade chemicals were purchased from Acros Organics (Geel, Belgium). 4. vera gel was separated
from plants located in Muang District, Nakhon Ratchasrima Province, Thailand.

Purification of AVPI-12 Protem

The 4. vera gel (100 g) was separated from the leaves. The gel was homogenized and sieved
through cheesecloth. The sieved gel was centrifuged (13,000xg for 1 h) at room temperature.
Then, the supernatant was dialyzed against 25 mM sodium acetate (NaOAc) buffer, pH 4.5, and
subjected to further purification by the SP Sepharose™ Fast Flow column chromatography with
a (0-0.3 M step gradient of NaCl in 25 mM NaOAc, pH 4.5, at | ml/min flow rate. The proteins
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were fractionated (2 ml) and measured at A280. The purity and molecular weight of proteins
were determined by 12.5 % SDS-PAGE. The protein fractions of AVPI-12 were pooled and
dialyzed against 25 mM Tris—=HCI, pH 8.0. Total protein concentrations were analyzed by
bicotinic acid (BCA) assay as described in the following method.

Protein Concentration Determination

Protein concentrations were measured following the manufacturer’s instruction of the BCA assay
kit. Protein (25 pl) was mixed with BCA reagent (200 pl) in a microwell plate. The mixture was
incubated at 37 °C for 30 min, and then, the absorbance was measured at a wavelength of 540 nm
using a microwell plate reader (Labsystems iEMS, Labsystems Ltd. Oy, Finland) with Ascent
Software ™ version 2.4 (Labsystems Ltd. Oy, Finland). A standard calibration curve was set up
using various concentrations of bovine serum albumin (0.025-2.0 mg/ml).

Electrophoresis
1D SDS-PAGE

One-dimensional (1D) SDS-PAGE was performed following the method of Laemmli [13].
Protein bands were visualized by staining with Coomassie Brilliant Blue R-250.

In addition, the numbers of AVPI-12 subunits were also identified by 1D SDS-PAGE
(12.5 % gel) with or without 5 % 2-mercaptoethanol (v/v). In each condition, the samples
were prepared by heating (95 °C for 5 min) or not heating before separating by SDS-PAGE.

2D SDS-PAGE

The purified proteins (100 pg) were analyzed with two-dimensional (2D) SDS-PAGE. The
proteins were separated in the first dimension with 7 cm immobilized strip with gradient pH
3-10. For the second dimension, the proteins were separated by 12.5 % Tris—glycine SDS-
PAGE. Proteins were observed by staining with colloidal Coomassie Brilliant Blue G-250.
The isoelectric point (pI) and molecular weight of protein spots were analyzed by
ImageMaster ™ 2D Platinum software (GE Healthcare, Uppsala, Sweden).

N-terminal Protein Sequencing

N-terminal protein sequencing was performed by transferring the proteins from 2D SDS-PAGE
into the PYDF membrane. Then, the membrane was stained with Coomassie Brilliant Blue R-250.
The protein spots were excised and then subjected to Edman degradation protein sequencing using
an automatic amino acid sequencer. N-terminal protein sequencing was carried out by the Scientific
Equipment Center, Prince of Songkla University, Songkla, Thailand. N-terminal sequence homol-
ogy was performed by matching against BLAST database [14] and other publication reports.

Mass Spectrometry

Matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) mass spectrometry
(Bruker Daltonics MALDI-TOF/TOF Mass Spectrometer Autoflex II, Bruker Daltonics®,
Germany) was used for intact molecular mass detection and sinapinic acid (SA) was used as
MALDI matrix. Mass spectrometric analyses were carried out in the linear, positive mode at
20 kV with a pulsed nitrogen laser, emitting at 337 nm.
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Protease Tolerance Test

The protease tolerance of AVPI-12 protein was carried out by mixing the protein (10 pg)
individually with 2 pg of protease (plasmin, papain, and bovine trypsin) and incubated at
37 °C for 24 h. The SDS-PAGE sample buffer containing 2-mercaptoethanol was added into
each reaction and heated at 95 °C for 5 min. Protease-resistant property of AVPI-12 was
observed by separating the hydrolytic products using 12.5 % SDS-PAGE. Tris—HCI (25 mM,
pH 8.0) was used instead of enzyme in the negative control reaction. In addition, the
protease-resistant property of the protein was also compared with a natural endoprotease
inhibitor from human plasma (x,-macroglobulin).

Inhibition of Fibrinogenolytic Activity
Fibrinogenolytic Inhibitory Pattern

The effect of AVPI-12 on human fibrinogenolytic activity of various proteases (human plasmin,
papain, and bovine trypsin) was determined by 1D SDS-PAGE with slightly moditied method
of Rajesh et al. [15]. Each protease (2 pg) was mixed individually with AVPI-12 (10 pg) in the
total volume of 20 pl and incubated at 37 °C for 60 min. Then, the mixture of protease and
inhibitor was added into the tube containing human fibrinogen (50 pg in 25 mM Tris—HCI
buffer pH 8.0) in a total reaction volume of 40 pl and incubated at 37 °C for 120 min. The
hydrolytic reaction was stopped by adding 20 ul of denaturing buffer (1 M urea, 4 % SDS, and
4 % PB-mercaptoethanol). Then, the hydrolytic products were separated by 10 % SDS-PAGE.
The inhibitory patterns of fibrinogenolytic activities of various enzymes by AVPI-12 were
examined by stained with Coomassie Brilliant Blue R-250. The inhibitory effects of AVPI-12
on the proteases were also compared with o;-macroglobulin,

Human Plasmin Fibrinogenolytic Inhibitory Activity

The inhibitory activity of AVPI-12 for human plasmin fibrinogenolytic activity was analyzed by
the method of Satake et al. [16] with some modification. Human plasmin (2 pg) was mixed with
various amounts of AVPI-12 (0—10 ug in the total reaction volume of 40 ul) and then incubated
at 37 °C for 60 min. Then, the effects of inhibitor on plasmin fibrinogenolytic activity were
determined by adding the mixture of enzyme and inhibitor into the human fibrinogen (40 pl of
10 mg/ml human fibrinogen in 25 mM Tris—HCI buffer, pH 8.0) and incubated at 37 °C for
120 min. The reaction was terminated by adding 40 pl of 10 % (w/v) trichloroacetic acid (TCA)
and centrifuged at 10,000xg¢ for 20 min. The concentration of digested peptides (25 pl) was
measured by the BCA assay kit (as described above). Inhibition of proteolytic activity was
determined from the reduction of absorbance at 540 nm. The reaction without the mixture of
enzyme and substrate was used as blank reaction. «;-Macroglobulin was used as a positive
control for inhibitory reaction. All reactions were done in triplicate.

Fibrinolytic Inhibitory Activity
Determination of Fibrinolytic Inhibitory Activity Using Colorimetric Detection
Fibrin clot was prepared by the method of Rajesh et al. [15] with slightly modification.

Thirty-one microliters of human fibrinogen (20 mg/ml) was mixed with 3 ul of CaCl,
(0.5 M) and 6 pl of human thrombin (0.25 NIH units). The fibrin was clotted at room
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temperature for 30 min. Then, the fibrin clot was transferred to the new tube containing the
mixture (40 ul) of plasmin (4 pg) and AVPI-12 (12 ng), which was previously incubated at
37 °C for 60 min. After incubation at room temperature for 150 min, the reaction was
stopped by adding 40 ul of 10 % (w/v) TCA and incubated at room temperature for 10 min.
Then, the mixture was centrifuged at 10,000xg for 20 min. The amounts of digested peptides
were measured using BCA assay kit following the method in “Protein Concentration
Determination™ section. The reaction without the mixture of enzyme and substrate was used
as a blank reaction. o,-Macroglobulin was used as a positive control for inhibitory reaction.
All reactions were done in triplicate. The percentage of fibrinolytic inhibition was calculated
by following equation:

ol
Fibrinolytic inhibition (%) = ( 5 ) x 100

where E is the activity of plasmin without inhibitor and 7 is the activity of enzyme with
mhibitor.

Determination of Fibrinolytic Inhibitor Activity Using SAXS

Small-angle X-ray scattering (SAXS) was also used to determine the fibrinolytic inhibitory
property of AVPI-12. The experiments were performed at BL-2.2 at the Synchrotron Light
Research Institute (Public Organization), Nakhon Ratchasima, Thailand using synchrotron
radiation from a storage ring operated at energy of 1.2 GeV. The fibrin clot was prepared by
mixing 77 ul of human fibrinogen (20 g/ml) with 8 ul of CaCl, (0.5 M) and 15 ul of
thrombin (0.25 NIH units) into the sample holder with a dimension 4.5%8.5x%1 mm
(W=LxH), which both sides are covered with kapton tapes. The fibrin was allowed to clot
at room temperature for 30 min. Then, the mixture (total volume 80 ul) of plasmin (8 ug)
and AVPI-12 (24 ug) (previously incubated at 37 °C for 60 min) was added into the fibrin
clot and incubated at room temperature for 150 min. After that, the alteration of fibrin clot
was measured by SAXS using the exposure time of 10 min. The distance between sample
and detector was set at 1.5 m. The data were collected using the Rayonix SX-165 Single
CCD Detector (Marresearch GmbH, Norderstedt, Germany). All data were processed and
analyzed using the SAXSIT version 3.61 software developed by BL-2.2 at SLRL The
fibrinolytic inhibitory manner of AVPI-12 for plasmin determined by SAXS was compared
with the fibrin in the condition with or without enzyme. o,-Macroglobulin was used as a
positive control for inhibitory reaction.

Results and Discussion

A protease inhibitor protein was purified from A. vera leaf gel using a cation exchange
chromatography. The protein was eluted in the step of salt 0.1 M concentration (Fig. la). The
purified protein migrated on 12.5 % SDS-PAGE as a single band and showed an apparent
molecular weight lower than 14 kDa in both reducing and nonreducing conditions (Fig. 1b).
The 2-mercaptoethanol-treated protein with either non-heated or heated at 95 °C before
SDS-PAGE showed the same apparent molecular weight (Fig. 1b). Morcover, in the
nonreducing SDS-PAGE, the protein migrated at the same molecular weight in either non-
heated or heated at 95 °C conditions (Fig. 1b). However, the band protein on nonreducing
SDS-PAGE migrated faster than those on the reducing SDS-PAGE (Fig. 1b). The result
indicated that this protein was a monomeric protein and did not contain any interchain
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Fig. 1 Purification of AVPI-12 from 4. vera leaf gel. a Chromatogram of the purification of AVPI-12 using
the SP Sepharose™ Fast Flow column chromatography. The protein was eluted by 0.1 M NaCl (fraction
numbers 20-27). b SDS-PAGE (12.5 %) of the purified protein. AVPI-12 (5 pg) was mixed with the SDS-
PAGE sample buffer in the conditions of with (/anes 2 and 3) and without reducing agent (2-mercaptoentha-
nol) (lanes 4 and 5). After mixing the protein with SDS-PAGE sample buffer, the protein mixture was also
prepared by non-heating (lanes I and 4) and heating (lanes 2 and 5) at 95 °C for 5 min before SDS-PAGE.
Lane 1 contains molecular weight protein markers

disulfide bond. In contrast, it might contain intrachain disulfide bonds [17]. The molecular
mass of the protein was 11,804.931 Da, analyzed by MALDI-TOF mass spectrometry
(Fig. 2). Since the protein was purified from A. vera leaf gel and had molecular weight
about 12 kDa including its proteolytic inhibition property, it was designated as AVPI-12. The
molecular weight of AVPI-12 was similar to other plant protease inhibitors, which had been
reported. For instance, cystatin family | generally has a molecular weight about 11 kDa [18].
In addition, the protease inhibitor proteins in the families Kunitz and Bowman-Brik usually
have molecular weights about 18-24 and 810 kDa, respectively [5]. The pI of AVPI-12 was
about 7.43 (Fig. 3). The N-terminal sequence of the protein analyzed by Edman degradation
method was revealed as R—-D-W-A-E-P-N-D-G-Y, and the sequence was different from
other plant protease inhibitors in the BLAST databases and other reports (Table 1). In
addition, AVPI-12 had amino acid sequence different from a 14-kDa protein isolated from
A. vera leaf gel [19]. The protein had antifungal and anti-inflammatory properties which
could inhibit trypsin activity using casein as a substrate [19]. Therefore, AVPI-12 was
identified as a novel protease inhibitor based on the N-terminal amino acid sequences.

The tolerance of AVPI-12 for human plasmin, papain, and bovine trypsin digestions was
tested by mixing the inhibitor with individual protease for 24 h, as described above. Since
this study aimed to find an alternative antiplasmin from natural sources, a natural endopro-
tease inhibitor from human plasma (&;-macroglobulin) was used as a comparative inhibitor
and also as a positive control on all AVPI-12 studies. By comparison with «;-macroglobulin,
AVPI-12 could strongly resist to be digested by serine proteases, plasmin and trypsin, but
partially be degraded by a cysteine protease, papain (Fig. 4a). The «;-macroglobulin
strongly resisted to be digested by plasmin but was partially digested by trypsin. In addition,
x,-macroglobulin was completely degraded by papain (Fig. 4b). The results showed that
AVPI-12 could be more tolerant to proteolytic digestion than x,-macroglobulin.

AVPI-12 was characterized as a protease inhibitor by testing with some proteases
(plasmin, papain, and trypsin) using human fibrinogen as a substrate. Both AVPI-12 and
x;-macroglobulin could protect the y-subunit of human fibrinogen from plasmin and trypsin
digestions but not the Ax and B3 polypeptide chains (Fig. 5a, b). However, the inhibitory
patterns of AVPI-12 and o«,-macroglobulin for fibrinogenolysis by papain were ditferent
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Fig. 2 MALDI-TOF mass spectrometry of AVPI-12. The molecular mass of AVPI-12 was 11,804.931 Da
analyzed by MALDI-TOF mass spectrometry in the positive ionization mode and using SA as the matrix

(Fig. 5a, b). AVPI-12 could protect y-subunit of fibrinogen from papain digestion, in
contrast, op-macroglobulin could not. The results of protease tolerance test and fibrinoge-
nolytic inhibitory pattern supported that AVPI-12 was a plant serine protease inhibitor. The
inhibitor had properties similar to an unusual serine protease inhibitor (UPI) from the
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Fig.3 2D SDS-PAGE of AVPI-12. The arrow indicates the protein band which has the estimated pl of about 7.43
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Table 1 Comparison of the N-
terminal amino acid sequences of
AVPI-12 with other plant protease
inhibitors

— no significant similarity found;
HCB-Sunl, Helianthus annuus,
sunflower seeds cathepsin B in-
hibitor; Potide-G, potato tubers,
Solanum tuberosum L. cv.
Golden Valley serine protease
inhibitor; SSTI, Sapindus sapo-
naria L. seed trypsin inhibitor;
ERYLA, Erythrina latissima
trypsin inhibitor; PROJU, Pro-
sopis juliflora trypsin inhibitor;
ACACO, Acacia confusa trypsin
inhibitor; EATI, Entazada aca-
ciifolia (Benth.) seed trypsin
inhibitor

Protease inhibitor

The first 10-11 amino
acids at N-terminus

Similarity
(%o)

AVPI-12

RDWAEPNDGY

Cysteine protease inhibitor (CPI)
HCB-Sunl [27]

Oryzacystatin I [18]
CPI from apple fruit [18]
CPI from soybean [18]

Heat-stable serine protease

Potide-G [28]

Kunitz trypsin inhibitor

SSTI [29]

ERYLA [3

0]

PROJU [31]
ACACO [32]

EATI [5]

PYGGGGTESG
MSSDGGPVLG
DNQGSANSVE
AALEKVQELG

QICTMCCAGRK

KTQVLDANGNI
VLLDGNGEVVQ
QELLDVDGEIL
KELLDADGDIL
NELKDMEGDIL

Arabidopsis [20]. UPI could inhibit the serine protease but weakly against papain [20]. In
addition, the fibrinogenolytic inhibitory activity of AVPI-12 against plasmin was shown in
Fig. 6. AVPI-12 and positive control (xz-macroglobulin) could reduce the fibrinogenolytic

activity of plasmin in the same manner in a dose-dependent fashion (Fig. 6).

The effect of AVPI-12 on fibrinolytic activity of plasmin was analyzed by preparing the
partial cross-linked fibrin as the method described above and mixing with the enzyme prior

d
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Fig. 4 Protease tolerance tests of both inhibitor proteins AVPI-12 (a) and human plasma o;-macroglobulin
(b). Each inhibitor was individually mixed with protease, human plasmin (lane 2), papain (lane 3), and bovine
trypsin (lane 4) and then incubated at 37 °C for 24 h. The degradation products are separated on 12.5 % SDS-
PAGE for AVPI-12 and 7.5 % SDS-PAGE for o;-macroglobulin. The inhibitor in the condition without
enzyme is used as control (/ane 5). Lane 1 of all experiments contains standard molecular weight protein

markers

@ Springer



33

Appl Biochem Biotechnol

a b

7 1 2 3 4 5 6 7 8
1 2 3 4 5 6 8 ey -
kDa
-197
= o7-
g Aa
. - 66-
o Bp -
45 —-_—/ ‘5- —— i =
'r/ - ol
30-
30-
20.1- ns-

Fig. 5 Human fibrinogenolytic inhibitory pattems of AVPI-12 (a) by comparison with o;-macroglobulin (b).
Each inhibitor (10 wg) was individually incubated with protease: plasmin (/ane 4), papain (lane 6), and trypsin
(lane 8) at 37 °C for 1 h. The mixture was individually added into a new tube containing human fibrinogen
(50 pg) and then incubated at 37 °C for 120 min. The effect of inhibitors on fibrinogenolytic activity of all
proteases is analyzed by separating the digested products on 10 % SDS-PAGE and observing the inhibitory
patterns by staining with Coomassie Brilliant Blue R-250. The experimental controls compose of human
fibrinogen (/ane 2); human fibrinogen in the condition without inhibitor which was individually digested by
proteolytic enzyme: plasmin (lane 3), papain (lane 5), and trypsin (lane 7). Lane 1 of all experiments contains
standard molecular weight protein markers

reacted to inhibitor. The fibrinolytic inhibitor activity of AVPI-12 by comparison with o-
macroglobulin was shown in Fig. 7. The inhibifory activities of AVPI-12 and o;-macroglobulin
were 37.4+1.0 and 41.1+2.1 %, respectively. The result indicates that in the condition contain-
ing the same amounts of inhibitor and enzyme, AVPI-12 had slightly lower fibrinolytic
inhibitory activity than the c-macroglobulin. This result corresponded to the result of SAXS
as shown in Fig. 8. The fibrin clot SAXS spectra presented in this study were similar to the
spectra reported by Brown et al. [21]. The fibrin periodicity (d, presented its unit as nanomoles)
could be calculated from a function of the wave vector g=27/d [21]. The strong geometrical
feature of the fibrin fiber (in the condition without plasmin) was located at the peak position
¢=0.285 nm™ !, which was equal to the 22-nm periodicity (Fig. 8). The fibrin periodicity was
changed slightly in the conditions containing only plasmin and plasmin combining with
inhibitor. The peak positions of both conditions were located at g~0.288 nm™" or d~21.8 nm
(Fig. 8). However, the height of the peak in the condition digested by plasmin decreased
significantly and could be observed as a nearly flat shape (Fig. 8). The solid gel state of fibrin

.35
.30

—§— AVPI-12
=O=— ag-Macroglobulin

.25 A
.20
A5
.10

Absorbance 540 nm

.05 A

T T T T 1

0 2 4 6 8 10 12
Amount of Inhibitors (ng)

Fig. 6 The dose dependence of AVPI-12 for inhibition of human plasmin fibrinogenolytic activity. Various

amounts of AVPI-12 were used to monitor the fibrinogenolytic inhibitory activity of human plasmin (2 png).
oz-Macroglobulin was used as a positive control for plasmin inhibition activity
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Fig. 7 The effect of AVPI-12 on human plasmin fibrinolytic activity. The partial fibrin clot was prepared and
subjected to be digested by human plasmin in the condition with and without inhibitor. &>-Macroglobulin was
used as a positive control for the inhibition of plasmin fibrinolytic activity

clot was changed to liquid state after plasmin digestion, which is time dependent; therefore, the
height of the peak was decreased by reducing the amount of fibrin packing. Figure 8 also
showed that both inhibitors (AVPI-12 and o;-macroglobulin) contributed to the resistance from
clot degradation by plasmin. The shape features of peak of fibrin clot in SAXS spectra in the
conditions containing inhibitor—enzyme were similar to the clot spectra without enzyme, but the
heights of peaks were lower (Fig. 8).

The combination between the results of fibrinogenolytic and fibrinolytic inhibitory
acitivities of AVPI-12 in this study supported that AVPI-12 could inhibit the enzymatic
activity of plasmin. AVPI-12 could protect the y-subunit of human fibrinogen from plasmin
digestion. This inhibitory activity was important because formation of the y-subunit into
polymers could produce the mature fibrin network structure and increase the resistance to
fibrinolysis [22]. Moreover, the SAXS results also promoted that AVPI-12 could protect the
fibrin clot from complete degradation by plasmin. Since the effects of AVPI-12 on plasmin
digestion were similar to that of the natural plasma inhibitor (x2-macroglobulin), AVPI-12
could be used as a potential agent for the treatment of a disease or disorder, which involves
the imbalance of homeostasis, for instance, a bleeding disorder caused by «,-antiplasmin

1.0 1
——— Fibrin
- Fibrin + Plasmin

2 8- —=== Fibrin + Plasmin + c,-Macroglobulin
g ===+ Fibrin + Plasmin + AVPI-12
&
£ 61
T
]
S 4
®
E
B
o .2
=z

0.0 T T T 1

.20 .25 .30 .35 40

q (nm-1)

Fig. 8 The SAXS spectra in the determination of plasmin fibrinolytic inhibitory activity. Human fibrin clot
was individually subjected to be digested by human plasmin at room temperature for 150 min in the condition
with and without AVPI-12. The alteration of fibrin clot was determined by SAXS. a,-Macroglobulin was used
as a positive control for the mnhibition of plasmin fibrinolytic activity. All spectra are normalized and
compared to the fibrin clot spectrum in the condition without enzyme and inhibitor

@ Springer



35

Appl Biochem Biotechnol

deficiency [23]. The imbalance of homeostasis can occur if the fibrin formation does not
relate to fibrinolysis, which generally is regulated by activation and inhibition of plasmin
activity [23, 24]. Moreover, antiplasmin drug, for example, aprotinin (a Kunitz-type protein
[25]), can be used as antifibrinolytic treatment for reducing blood loss during surgery and in
trauma [26]. These evidences suggested the potential use of AVPI-12 as an alternative drug
for antifibrinolytic treatment in the future.

Conclusions

This study had achieved to isolate a novel monomeric protease inhibitor with molecular weight
about 12 kDa (AVPI-12) from A. vera leaf gel. AVPI-12 had inhibitory property against protease
similar to serine protease inhibitor. Moreover, the protein also acted as an unusual serine protease
according to its papain inhibitor activity. The protein could strongly resist to serine protease
enzymes (plasmin and trypsin) but weakly tolerate to cysteine protease (papain). In contrast, a
natural plasma serine protease inhibitor, oa-macroglobulin, could only tolerate to plasmin. This
indicated that AVPI-12 was more stable in the environment surrounding with proteases than os-
macroglobulin. AVPI-12 could protect the y-subunit of human fibrinogen from plasmin and
trypsin digestions similar to the inhibitory activity of o,-macroglobulin. In contrast with os-
macroglobulin, AVPI-12 could protect the y-subunit of human fibrinogen from papain diges-
tions. AVPI-12 could inhibit the activity of plasmin in a dose-dependent manner, which was the
same manner as X,-macroglobulin. In addition, AVPI-12 had an effect on fibrinolytic activity of
plasmin. The inhibitor could protect the fibrin clot from complete digestion by plasmin. This
property was supported by the colorimetric fibrinolytic inhibitory test and SAXS analysis.

The inhibitory activity of AVPI-12 on fibrinogenolytic and fibrinolytic activities of
plasmin promoted that the inhibitor had a potential to be used for antifibrinolytic treatment.
However, further biochemical characterizations are needed, for instance, the inhibitory
mechanism on plasmin and other blood coagulations.
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