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T6MTAT 
Gien ma hoa protein mannan-binding lectin serine protease (MASP) ding vaj tr6 quan trong trong ca ch^ 
mî n djch ban dau ciia v t̂ chCi, dac bi$t la ca ch^ hoat h6a phiic hop b6 th^ theo con du6ng lectin va du6ng 
nhanh. MASPs gOm 3 gien phSn bi^t (MASPl, MASP2 va MASP3). Nghien ciiu duoc thuc hî n nhJm giai 
ma trinh tu chu6i AcDN va phin tich dac dlim phan lii MASPS (MASPl isoform 2) 4 Ion. Chuoi AcDN ciia 
MASP3 dai 2 657 bp chua 11 exon da ma hoa 728 amino axit (a.a). Su tuong dong cao 6 miic d6 AcDN (87-
90%) va protein (92-94%) duoc tim th^y cr Ion, chd, nguiM va b6. Dgi phan tii MASPS chiia 27 cystein, niy 
nhien thanh p h ^ amino axit chi^m ty 1$ cao trong ĉ u tnic protein bac 1 ciia nd gdm c6 Ser (8,4%), Vai 
(8,1%), Leu (8,0%), Gly (7,6%). Giu (7,1%). Vdi phta tii lihdl khoang 81,55 kilo Dallon, MASPS la m^t tap 
h ^ cua nhieu mî n protein chiic nang giiu cysteine nhu CUBl (a.a 18-138, 2 cystein), EGF_CA (a.a 139-
182, 6 cystein), CUB2 (a.a 185-297, 3 cystein), CCPl (a.a 301-362, 4 cystein), CCP2 (a.a 367-432, 4 cystein) 
va Tryp.SPc (a.a 449-711, 5 cystein). Trong dd, miin Tryp.SPc Idn nhSt (263 a.a) va EGF_CAla miin nhd 
nh^t (44 a.a) nhung la mî n giau cysteine nh^t (6 cystein). Ngoai ra, signal peptide (a.a 1-19), 13 cau ndi 
disuniua, 5 vj tri N-glycosylaUon va vdng methionin loop (a.a. 630-649) cung da dupe nhan di?n. Day la n4n 
d̂  cho nhirng nghien ciiu xa hon v^ vai trd cda gien MASPS trong ca ch^ dap ling miln djch d lan. 
Tir khda; MASi^, AcDS. protein, d^c di^ni phin tu, Ign. 

LtATVANK 

Phiic hpp bo the dong vai tro quan hong trong 
co che mifen dich ban dau (innate immunity) cua vat 
chii chdng lai mam benh xam nhi#m. Su kich hoat 
phiic hop bo the dircrc thtrc hien theo 3 con duong 
khac nhau: co dien (classical pathway), nhatih 
(altemattve pathway) va lectin (lectin pathway). 
Mannose-bmding lectin (MBL) and ficolins (Lrlicolin 
va H-ficohn) la nhiing phan tir khoi dau cho sij hoat 
hoa con duong lectin. Trong khi do, mannose-
binding lectin associated senne proteases (MASPs) 
la enzym xuc tac chinh CiJa con duong nay nhir vao 
sir kA dinh ciia MASPs voi thanh phan hydrat-
cachon vi khuan CTakahashi et al., 2008; Schwaeble 
et al., 2002). MASPs hi4n dien trong huyA hrong nhu 
la nhiing zymogien (Serensen et al., 2005). Gia dinh 
MASP gom 3 chuoi proteaza (MASPl, MASP2 va 
MASPS) va mot protein khong co chile nang enzym 
(non-enzymatic protein, MApl9) (Schwaeble et al., 
2002). MASPl va MASPS la san pham dt noi thay 
Ih^ (altemaUve sphce products) vi la nhOng gien 
dupe ma hda to mot gien don MASPl/3 (Dahl et al., 
2001). Moi gien MASPl hojc MASPS c6 2 chuoi, 
chuoi A dupe nhan di6n chung cho ca hai gien va 
chuoi B mang dac di^m rieng ciia timg gien. Chuoi B 

' Bg mon Chin nudi, Khoa Nong nghifp va Sinh hpc Ung 
diing, Tmdng Djii hpc Can Tha 
' Vi(n NghiSn cdu Sinh hpc Gia sue FBN, CHLB Diic 

chiia mien chuoi proteaza (Schwaeble et al., 2002). 
Trong khi do, Mapl9 la san pham hi cat xen Ciia gien 
MASP2. Vi vay, cau bnic cua Mapl9 chi cd hai mien 
gidng MASP2 va 4 axit amin con lai them vao 
(Schwaeble etal., 2002). 

MASP2 la proteaza ddng vai tro quan ti-png 
trong Sir chia tach C4 va C2 dl san sinh ra enzym 
chinh cua phiic hop bo thi CSconvertaza, mpt san 
pham ket hpp ciia C4bC2b (Schwaeble et al., 2002). 
Trong khi do, MASPl cd kha nang kich hoat STK 
tiep phan tir C3 CTakahashi et al., 2007; Serensen et 
al., 2005; Matsushita et al., 1998). Su thi& hut 
MASP2 va MASPl/S se lam giam hoat dpng C3 h-en 
hk mat mannan va zymosan. Diiu nay cd nghia la ca 
hai phan to diu co anh huong den su kich hoat phiic 
hpp bo thi theo con dudng lectin va su thieu hut 
MASPl/S cd liin quan din su nhay cam vol vi nit 
gay binh ctlm a chupt (Takahashi et al., 2007). Khi 
MBL hoSc flcohn kit dinh vtA hydrat<4c bon ti-|n bl 
mat vi khuSn si gay kich hoat viing zymogien ciia 
MASPs (Takahashi et al., 2007) vi vi thi phitc hpp 
bp thi dupe kich hojt theo con dudng lectin OecUn 
pathway). Hai chuoi proteaza 14 MASPl va MASPS 
Uln ki t vol MBL hoac flcolm d l kich hoat phiic hpp 
bo thi theo con dudng lectin. MASPl ddng gdp hire 
tilp din su hoat hda con dutag lectin fhdng qua sir 
hoat hoa MASP2 (Takahashi et al., 2008) va MASPl 
cQng ddng gdp cho sir hoat hda con dirong n h ^ h 
(alternative complement pathway) (Takahashi et al., 
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2010). Trong khi d6, su kich hogt phuc hgp b6 th^ 
theo con du6ng nhdnh c6 su g6p mat ciia Mannose-
binding lectin-associated chu6i proteaza 1/3 
(MASPl/3) nhervdo su tdch rbi pro-factor D (pro-DO 
thdnh Df truong thdnh (mature Df) nhb vdo si; k^t 
noi voi FCN-B ho$c 1 protein khdc chua dugc bi^t 
hoac gia Id MASPl c6 th^ c6 chuc nang nhu Id m^t 
protem hoa tan khdtig k6l n6i (Banda et al.. 2011). 

Do hbi vai tr6 quan frpng ciia MASP trong ca 
ch^ mi^n dich ban ddu theo con dirdng lectin cQa 
phiic hgfp bo th^, nhi^u nghidn cuu cung da du(,ic 
thuc hi^n d^ phdn tich d$c dit'>in vd chuc nSng cua 
MASP a cdc lodi d6ng vdt khdc nhau (Dahl et al., 
2001; Lynch et al., 2005; Stover et al., 2003). Vi vdy. 
trong nghidn cuu ndy, dac di^m phdn tu cua gien 
MASPS b Ign se ducic gidi m& vd phan tich. 

L VAT 1J$IVA PHUONG PHAP 

Thi nghiem su dung nguon vat li^u (dpng vSt, 
hoa chdt, thiet bj va dung cu) vd phuong phdp thi 
nghidm (phan 14p AmRN, tong hgp AcDN. giai mS 
trinh tu chuoi, thicft k^ moi, thdnh phdn phdn ung 
PCR) nhu dug^: mo ta bai Do V6 Anh Khoa (2010). 
Trong do: 

(i) Dpng vat thi nghidm la cdc giong Ign 
Hampshire (n=l), Landrace Dtic (n=34), Duroc 
(n=l), Pietrain (n=l), Berhn Miniature Pig (n=l) vd 
Muang Khuong (n=24). 

(ii) Tong so AmRN dugc phan Ijqj tir mau gan ciia 
dong vat thi nghiem su dung phuong phap TRI-
Reagient (Sigma-Aldrich, Taufkirchen, Diic) va sau d6 
dugrc tong hgp chuoi AcDN nha vdo oligo (dT) 13 VN 
primer (Promega, Mannheim, Due), random hexamer 
primers (Promega, Mannheim, Diic) vd Super 
ScriplTMIIl Rnase H (Invitrogen, Karlsruhe, Diic). 

Bdng 1: Cdc cdp mAi sir di^g d^ khu^h 

Cdc c$p m6i dugc thi^t k^ su dung trong thi 
nghidm vd chu trinh nhi^t thuc hi^n phdn ling PCR 
cho timg c$p mAi ri^ng bi^t dugc trinh bdy hong 
bdng 1 vd 2. Cdc c$p m6i d$c hi^u dupe thi^t k^ dua 
Irtn ngdn hdng d& li^u GenBank BW979216, 
CJ004744, XM_001927110, XM_001927155 va dua 
tr^n k^t qud sang Igc cdc chu6i nucleotit tuong dong 
giuacdclodidOng vdt (ngu6i, chunt,...). 

Nghien cmi da su dung cdc phdn m4m online d̂  
phdn tich k^t qud g6m: 

Primer3 (http://frodo.wi.mit.edu/): thi^tk^moi. 

ORF Finder (Open Reading Frame Finder) 
(http.//www.ncbi.nlm.nih.gov/gorf/gorf.html): nhSa 
di^n cdu tnic bac 1 protein. 

ClustaIW2 (hltp;//www.ebi.ac,uk/IoQl5/msa/ 
clustalw2/): so sdnh miic dO tirang d6ng oia chuoi 
AcDN vd protein. 

SMART (http://smart.embl-heidelberg.de/)' 
philn tich cdc mi^n protem chuc nang. 

SignalP 4.0 Server fhttp://www.cbs.dtu.dk/ 
services/SignalP/): nhan di^n tin hifiu peptit 

Composition/Molecular Weight Calculation 
Form (http://pu-.georgetown.edu/pirwww/search/ 
comp_mw.shtml): tinh toan phdn tii khoi. 

DiANNA 1.1 web server fhttp://clavius.bc.edii/ 
-clotelab/DiANNA/): phan tich cdu n6i disunfua. 

NetNGlyc 1.0 Server (http://www.cbs.dtu, 
dk/services/ NetNGlyc/): nhan di^n vj hi N-
glycosylation. 

Mpt phan ung PCR dugc thi^c hi^n trong tong so 
20 pi dung djch, trong do gom c6 50 ng AcDN, 0,2 
mM m6i m6i xudi ho$c m6i ngugc, 50 pM dNTP, 0,5 j 
U Taq polymeraza, IxTaq buffer vd 1,5 mM MgCl2. ' 

djii cdc dojm gien dpc theo chufii AcDN 

Ten moi Moi xuoi fw 5'-3' 
(vi tri tr^n GenBank GU810083) 

Moi ngirgc rev 3'-5' 
(vj tri tren GenBank GU810083) 

Chik 
dai,bp 

MASP3_1 aatgaggtggctccttctctc (nt 151-171) tcacaggacagttcctcgtct (nt 592-612) 462 

gagaccacggacacagaaca (nt 431450) caagaagttttggaccagctt (nt 900-920) 490 

MASP3_3 gagctccgaatgtctctacacc (nt 775-796) tccccaggacttcattcatc (nt 1.411-1.430) 655. 

666 gccagcagccctactacaag (nt. 1.341-
1.360) 

actgcaggacatctgacaagg (nt 1.986-
2.006) 

MASP3_5 ccaccctgactttgacatcc (nt 1.774-
1.793) 

acaaacggcaaggagtgaag (nt 2.638-
2.657) 

884 
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Tin moi 

MASP3_1 
MASP3_2 
MASP3_3 

MASP3 4 
MASPS 5 

Bien tinh 
ban dau 

(thai gian) 
94-C (5') 

94»C (S') 

94°C (5') 

94°C (5') 
94°C (5') 

Bing 2: Chu hinh nhllt PCR 

Biln tinh 
(th6i gian) 

94°C (30") 

94"C (30") 
94°C (30") 

94"C (30") 

94"C (50") 

Gdn moi 
(th(M gian) 

56°C (30") 

60°C (30") 

60°C (30") 

58-C (30-) 
66"C (50") 

T6ng hop 
(thbi gian) 

72"C (!•) 

72°C (n 
72°C (lO 

72°C (1') 
72"C (1'20") 

Kit thiic 
(th« 
gian) 

72°C (50 

72°C (SO 
72''C (5') 

72°C &•) 

72°C (5") 

Giir mSu 
{th« 

15"C (oo) 
15°C (oo) 

15-C (oo) 

IS'C («j) 
15°C (oo) 

Tdng 
so chu 

ky 

35 
35 

35 

35 
50 

Dl giai ma trinh hr gien, siin p h ^ tir phan img 
PCR sau khi dixpc tmh sach se dugc girl din Vien 
Cong nghe Sinh hoc (Vi^n Khoa hoc Cong ngh | Vi^t 
Nam) dl giai ma trinh tii chuoi AcDN. 

•.KfrquA THAO LUAN 

1. D Jc dilm phan hi AcDN v4 protein 

Ket qua giai ma trinh hr nucleottt da nhin di|n 
dugc chieu dai chuoi AcDN ciia gien MASPS M 2.657 
bp (GenBank GU810083). Vimg 5'-UTR (nt. 1-151) va 
S'-UTR (nt 2.339-2.657) co chilu dai lan luot 14 151 
bp va 319 bp. Codon bat dau (start codon) la mot 
methionin ATG duoc xac dinh tir nt. 152-154 va 
codon kit thuc (stop codon) TGA tir n t 2.336-2.SS8. 
Giong nhu cr chupt (Stover et al., 2003), viing 5'-UTR 
cua MASPS a Ion co chua chudi khoi dau cho qua 
hinh chuyin ma (transcription inihation site) 
CCACACC (nt 79-85), giong nhu kilu C/T C/T A -1 
N T/A C/T C/T (trong do N la codon bat dau) 
Gavahery et al., 1994). Kit qua so sdnh chuoi AcDN 

vcM GenBank NW_001885220 (Sscl3_WGA1011_l: 
115459-225459 Sus scrofa chromosome 13 genomic 
contig) da n h ^ diln duoc 11 exon ciJa gien MASPS 
dtta theo nguyin tac da hiic ADN (exon 1-
GT.intron.AG-exon 2) (bang 3). Vi thi, viing ma hoa 
protein MASPS bat dau tit nt 152 va kit thiic tai nt 
2.338. Vimg aiy da ma h6a chuoi polypeptit dai 728 
amino axit (GenBank ADF30843). O cap d6 AcDN, 
MASPS ciia l(;m c6 muc do tmmg dong cao voi 
MASPS cua cac loai huu nhu nhu cho (90%), nguin 
(87%), bo (87%). Miic do tirong dong giam dan khi so 
v6i ga (76%) hoac c4 zebraflsh (62%). Ngoai ra sir 
hrong dong cao con tim thjiy o ngudi va cho (90%) 
hay giua chd va bo (88%). 6 cap do protein MASPS, 
CO su tirong dong cao dugc nhan diln giua Ign voi bo 
(94%), cho (93%) hojc nguM (92%). Miic do hrong 
dong thap hon dupe tim thay giua Ipn voi ga (74%) 
hoac ca (54%). Giiia cac loai dong vdt huu nhu nhu 
nguoi. bo va cho co miic do tuong ddng vl protein 
MASPS rat cao 91-93% (bang 4). 

Exon 
(cilieu 

dai, bp) 

1(156) 
2 (232) 

3 (178) 

4 (132) 

5(197) 

6(148) 

Bing 3: Vi tri ciia cic exon d u ^ xic dinh trIn cic ngin liing gien 
Vl tri trIn 
ngan hang 

gien 
GU810083 

n t 1-156 
n t 157-388 

n t 339-566 
n t 567-698 

n t 699-895 

n t 896-1.043 

Vi tri trln ngan 
hing gien 

NW_001885220 

n t 6.1066.261 
n t 13.508-13.739 

n t 32.888-33.065 
n t 34.689-34.820 

n t 36.977-37.173 

n t 38.896-39.043 

Exon 
(chilu dai, 

bp) 

7 (119) 
8(79) 

9 (138) 

10 (75) 
11 (1.201) 

Vi tri trln 
ngin hang 

gienGU810083 

n t 1.044-1.162 
n t 1.163-1.241 
n t 1.242-1.379 

n t 1.380-1.454 
n t 1.455-1.655 

Vi tri trln ngan 
hing gien 

NW_001885220 

nt 40.35640.474 
nt 41.45841.536 
nt 47.78247.919 

n t 48.72448.798 
nt 52.929-54.171 

Dai phan hi MASP3 la m6t tap hgp cua nhi^u 
mi^n protein chiic nang gidu cysteine nhu CUBl (a.a 
18-138, 2 cysteme), EGF_CA (a.a 139-182, 6 cysteine), 
'CUB2 (a.a 18S-297, 3 cysteine), CCPl (a.a 301-362, 4 
.cysteme), CCP2 (a.a 367432, 4 cysteme) vd Tryp_SPc 
|(aa 449-711, 5 cysteme). Trong do, mi^n Tiyp_SPc 
Ion nhat (263 a.a) vd EGF_CA Id mi^n nho nhdt (44 
a-a) nhung giau cysteme nhdt (6 cysteme). M6t s6 

nghidn cuu chi ra rdng cdc chu6i protea2a oia nhung 
phiic hgp kich hoat a con duong co diln, i.e. Clr, Cls, 
vd con duong lectin co dau N-terminus vdd 5 mi^n cau 
true (CUBl, EGF-Uke, CUB2, CCPl vd CCP2) vd ddu 
C-terminus c6 mot miln chuoi proteaza d$c trung. Do 
boi su chuydn ddi tir mot zymogen sang 1h^ kich hoat, 
ddu N- vd C-terminus dugc chia tach thdnh hai chudi 
khdc nhau: chuoi A c6 cau noi disunfua vd chu5i B 
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nho hon mang tinh dac himg cua mi^n chuoi proteaza 
(Stover et al., 2003; Bork vd Beckmann, 1993; 
Matsushita et al., 1998). CUB {b cdc thdnh phdn b^ 
the Clr/Cls, Uegf, Bmpl) dgi di^n cho cdc protein 
li6n quan din si; di6u h6a phdt hiln, dugc tim thdy b 
hdu hi t cdc protem lidn kit mdng cua l l bdo huyll 
hrong (plasma membrane-associated proteins) vd 
protein ngo?i bdo (extracellular proteins). Tuy nhiln, 
CUB khong dugc tim thdy a prokaryotes, thi;c v§t vd 
ndm men (yeast) (Bork vd Beckmann, 1993; Bork, 
1991; Varela et al„ 1997). Cdc protein CUB c6 U n̂ 
quan din vi|c thay d6i chuc nang, k l cd su kich hogt 
b6 thi, dinh hinh sir phdt triln, siia chua m6, huong 
ddn sgi true than kinh axon, si; hinh thdnh mgch 
(angiogenesis), ddnh ddu t l bdo (cell signahng), su 
thu tinh, su cdm mdu (haemostasis), su vi^m nhi§m, 
endocytosis,...(Perry et al., 2007; Abdul Ajees et al., 
2006). Trong khi dd, EGF_CA (calcium-binding EGF-
Uke domain) la dai di|n cho cdc protein kit noi mdng 
(membrane-bound protein) vd cdc protem ngoai bdo 
(extracellular protem) a dong vSt Cdc protem ndy c6 
vi tri kit ndi vdi canxi tai ddu N-terminus ciia EGF-hke 
domains giup tang cuong chiic nang sinh hgc cua 

Bdng 4: Miic dQ tuong ddng chu6i 

protein. Su kit ndi canxi cung Id ca chi tuong tdc giua 
hdu hit cdc protein (Selander-Sunnerhagen et aL, 
1992; Davis 1990; Blomquist et al., 1984; Doolittle et 
al., 1984; Appella et al., 1988). Ridng CCP (suat 
protein kilm sodt bd thi) cdn dirge ggi Id lap lai sir 
liin ling (SCRs) hodc SUSHI repeats da dugc nhSn 
di0n b mOt vdi protein ciia phiic hgp bd thi d dgng vat 
hiiu nho (Norman et al., 1991). Protein Tryp.SPc 
(Trypsm-hke serine protease) dugc tdng hgp nhu la 
zymogens khdng kich hogt - dugc tdch rdi su6t qua 
hinh proteolysis d l sdn sinh ra nhung thi kich boat 
Cdc proteolytic enzym sii dung chu6i h-ong qu^ trinh 
xuc tdc cua chiing thudng dugc tim thdy h-ong ck 
tnic vi nit, vi khudn vd eukaryotes (Rawlings va 
Barrett, 1994). Miln Tryp_SPc c6 3 vj tri dl xuc tac, 
dd Id His*", Asp^ vd Ser**. Hi|n nay da cd 7.371 ndk 
Tryp_SPc dugc nh$n di|n b 7.147 proteins hung ngan 
hdng du li|u SMARTs genomes database 
(htlp://smart.embl-hcidelberg.de/smart). TTieo 

Stover et al. (2003), vdng methionin cd cau tnic 
CKTSYESRSGNYSVTENMFC dugc nhdn di|n 6 
chuOt, ngudi, lodi gam nhdm (rat). Vdng nay cung 
dugc tim thay d Ign a.a. 63CV649. 

AcDN vd protein gifra mQt s6 lodi 

Loai 
Lon 
Lon 
Lon 

Lon 
Lon 
Nguoi 
Nguoi 

Nguoi 

Ngiroi 

Cho 

Cho 
Cho 

Bo 

Bo 
Gi 

bp' 
2657 
2657 

2657 
2657 
2657 

4184 
4184 

4181 

4181 

2286 
2286 

2286 

S915 
3915 
3636 

vs 
vs 

vs 
vs 
vs 
vs 

vs 
vs 

vs 

vs 

vs 
vs 

vs 

vs 
vs 

Loai 
Nguoi 
Cho 
Bo 

Ga 
Ci 
Ch6 

B6 
Gi 

C i 

B6 

Gi 
Ci 

Gi 

Ci 
Ci 

bp' 
4184 
2286 
3915 
3636 
2307 
2286 

3915 

3636 

2307 

3915 

S636 
2307 

3636 

2307 
2307 

% 
87 
90 

87 
76 
62 
90 

79 

68 

64 
88 

75 

62 
67 

61 

64 

Loai 
Urn 

Lon 
Um 

Lon 
Urn 
Ngiroi 

Nguoi 

Ngiroi 

Ngiroi 

Cho 

Ch6 

Ch6 

B6 

B6 
Ga 

a.a' 
728 

728 
728 

728 
728 
728 

728 

728 

728 

728 
728 

728 

728 

728 
730 

vs 
vs 

vs 
vs 

vs 
vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 

vs 
vs 

Loai 
Ngiroi 
Cho 

Bo 
Ga 

Ca 
Ch6 

Bo 

Gi 

Ci 

Bo 

Ga 
Ca 

Ga 
Ci 

Ci 

a.a^ 
728 
728 
728 

730 
740 
728 

728 

730 

740 

728 
730 

740 

730 
740 

740 

% 
92 

93 
94 
74 

54 
91 

91 
74 

54 

93 
73 
55 

73 

54 
55 

'_AcDN: lon (ngan hing gien GU810083), ngudi (ngin hang gien NM_139125), chd (ngan hang 
gien XM_8451S0), bd (ngan hang gien NM_001076968), gi (ngin hing gien NM_213586), ci 
ZehraSsh (ngin hing gien XM_001341900) 
^_Protein: lon (ADF30843), ngudi (NP_624302), chd (XP_850273), bd (NP_001070436), ga 
(NP_998751), ci&brahsh (XP_001341936) 

Tin hiiu peptit dugc nhan di|n tit a.a 1-19. V6i hmh 13 ciu noi disunfua nhu Cys"""'. Cys"^ , Cys" 
phan hi Ichoi Idioang 81,55 Idlo Daltons, protein =", Cys'""'", C y s ' » ^ , Cys'*'"', Cys"*'*», Cys'"*. 
MASPS chiia 27 cysteine. Giira cic cysteme co thi Cys"'-^, Cys"" " , Cys^'^™, Cys"*"" vi Cys'»*°.Ty 
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11 cac thanh phan axit amin dirpc xic djnh cao nhit loai chilm <5%) (Bing 5). Ngoii ra, trln chuoi 
li Ser (8,4%), Vai (8,1%), Leu (8,0%), k l din la Gly polypeptit c6 5 atparagin (N) co diu hiiu N-
(7,6%), Giu (7,1%), tilp theo l i Pro (6,5%), Thr (5,M), glycosylation tai cic vj hi N"ITV, N"»I?rC, N™SSA 
Asp (5,5%) vi ai6i ciing li cic axit amm c6n lai (m6i N'"VrV vi N''°YSV. 

Bing 5 : 1 ^ II cic thinh phin axit amino trong chu5i protein 
Kihilu 

a.a 
A 

B 

C 

D 
E 
F 

G 
H 

Tin 
a.a 
Ala 

Asx 
Cys 

Asp 
Giu 
Phe 

Glv 
His 

Ti l l , 

% 
3,8 

3,7 

5,5 

7.1 
3,6 

7.6 
2,6 

Kyhi$u 
a.a 

I 
K 

L 

M 
N 
P 

Q 
R 

Tin a.a 

lie 

Lys 
Leu 

Met 
Asn 
Pro 
Gin 

Arg 

Til l , 

% 
4,4 
4,3 

8,0 
1,8 

4.1 
6.5 

4,1 
3,8 

Kihilu 
a.a 
S 

T 
V 
W 

Y 
Z 

Tin 
a.a 
Ser 
Thr 
Vai 

Trp 
Tvr 
Ghi 

Till , 

% 
8,4 
5,9 

8,1 
1,8 
4,9 

1 gcgtgacctgaatgga 
17gaatgccagccaattccagagacacacagggacctcagaacaaag 
62ataaggcatcgctgacaccacacccgggacgagcttgcagacaag 
107 ti:aggccggggggaccaggcagccaggagcacccaaggcaggaaa 
152ATGaggtggctccttctctctcatgctctgtgcttctccttgttg 

M R W L L L S H A L C F S L L 
197aaggcttcggcccatgtcgtggagcttaacaatatgtttggccag 

K A S A H V V E L N N M F G Q 
242 atccaatctcctggttatccagactcctatccaagtgattcagag 

I Q S P G Y P D S Y P S D S E 
287 gtaacgtggaacattactgtcccagagggatttcggatcaagctt 

V T W I! 3 T "i" P E G F R I K L 
SS2 tactlcatgcacttcaacttggaatcctcctacctttgtgaatac 

Y F M H F N L E S S Y L C E Y 
377gactatgtgaaggtagaaactgaagaccaggtgctggccaccttc 

D Y V K V E T E D Q V L A T F 
422 tgtggcaaggagaccacggacacagaacagacccctggccaggaa 

C G K E T T D T E Q T P G Q E 
467gtggtcttctctccgggctccttcatgtccatcactttccggtca 

V V F S P G S F M S I T F R S 
512gatttctccaatgaggaacggtacacaggatttgatgcccactac 

D F S N E E R Y T G F D A H Y 
557 atggdgtggatgtggacgagtgcacagagcgggaagacgaggaa 

M A V D V D E C T E R E D E E 
602ctgtcctgtgaccactactgccacaactacatcggcggctactac 

L S C D H Y C H N Y I G G Y Y 
647tgctcctgccgcttcggctacatcctccacacagacaacaggaca 

C S C R F G Y I L H T D N R T 

C R V E C S D N L F T Q R T G 
i737gtgatcaccagccctgactaccccagcccttaccctaagagctcc 
i V I T S F D Y P S P Y F K S S 
^82 gaatgtctctacaccattgagctagaagagggtttcatggtcagc 

E C L Y T I E L E E G F M V S 
827ctgcagtttgaggatattttcgacatagaggaccatcctgaggta 

L Q F E D I F D I E D H P E V 
872tcctgcccctatgactacatcaagattaaagctggtccaaaactt 

S C P Y D Y I K I K A G P K L 
917cttgggcccttctgtggagagaaagccccggaacccatcaatacc 

L G P F C G E K A P E P I N T 
%2 cagagccacagtatccagatccagttccgcagtgacaactcaggc 

Q S H S I Q I Q F R S D N S G 
1007 gagaaccggggctggaggctgttgtacagggcgacagggaatgag 

E N R G W R L L Y R A T G N E 
1052 tgccccaagctgcagccgcctgtccatgggaaaattgagcccttg 

C P K L Q P P V H G K I E P L 
1097caagccaagtactccttcaaagaccaggtgctcatcagctgtgac 

Q A K Y S F K D Q V L I S C D 
1142 actggctacaaagtgctgaaggataatgtggagatggatgtattc 

T G Y K V L K D N V E M D V F 
1187 cagatcgagtgtctgaaagatgggacgtggagtaacaagattccc 

Q I E C L K D G T W S N K I P 
1232 acctgcaaaattgcggactgtggcactccggcaaagctggaaaat 

T C K I A D C G T P A K L E N 
1277gggctggtcaccttttctaccaggaacaaccttaccacatacaaa 

G L V T F S T R N N L T T Y K 

1322tctgaaatcatatactcctgccagcagccctactacaagatgctg 
S E I I Y S C Q Q P Y Y K M L 

1367cacagtaccacaggtgtatatacgtgttctgcccaaggagtctgg 
H S T T G V Y T C S A Q G V W 

1412 atgaatgaagtcctggggaaaagccagcccacctgcctaccagtg 
M N E V L G K S Q P T C L P V 

1457 tgtggtcagccctcccgctccctgccgaacctggtcaagcggatc 

C G Q P S R S L P N L V K R T I 

1502 atcggaggccggaacgctgagcccggcctctttccatggcaggcc 

I G G R N A E P G L F P W Q A 
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1547 ctgatcgtgg1ggaggacacgtcgagggtgcccii:icgacaagtgg 
L I V V E D T S R V P N D K W 

1592tttgggagcggggccttgctctctgagtcctggah:ctcacggca 

F G S G A L L S E S W I L T A 
1637 gcccacgtgctgcgctcacagcgcagagacaacacggtgacgcca 

A g V L R S Q R R D N T V T P 
1682 gtctccaaggagcatgtcaccgtclacctgggcctgcalgacgtg 

V S K E H V T V Y L G L H D V 
1727 cgcgacaaatccggggctgtcaacagctcagctgcccgagtggtg 

R D K S G A V 11 : : ,' A R V V 
1772ctccaccctgaclttgacatccagaactacaaccatgacattgct 

L H P D F D I Q N Y N H § 1 A 
1817ctagtgcagctgcaggagccggtgcccctggggccgcacgtcatg 

L V Q L Q E P V P L G P H V M 
1862 

cccgtctgcctgccgaggcctgagcccgaaggcccggcgccccac 
P V C L P R P E P E G P A P H 

1907atgclggggctggtagctggctggggcatctccaatcctaatgtg 
M L G L V A G W G I S N P i ' ' 

1952 acagtggatgagatcatcagcagcggcacgcggaccttgtcagat 
:: ' D E I I S S G T R T L S D 

1997 gtcctgcagtatgtcaagttacccgtggtgccgcacgccgagtgc 

2042 a 

K . I , S 
2087 aacatgttctgtgccggctactatgagggcggcaaggacacgtgc 

N. M.£_C A G Y Y E G G K D T C 
2132 ctaggagacagcggcggggcctttgtcatccttgacgacctgagc 

L G D | G G A F V I L D D L S 
2177 caacgctgggtggctcaaggcctggtgtcctgggggggccctgaa 

Q R W V A Q G L V S W G G P E 

2222 gaatgtggcagtaagcaggtgtatggggtctacaccaaagtctcc 
E C G S K Q V Y G V Y T K V S 

2267 aactacgtggactgggtgtgggagcagatgggctcccctccaggc 
N Y V D W V W E Q M G S P P G 

2312 ctgggggagctccaggtggagcggTGA 2338 
L G E L Q V E R * 

23S9gccctgacttccttggcctccagcccacccagcccctgcaaggct 
2384gcatcatacactcctgaggatggcatactccatgtlactcatgag 
2429 accaaatgggatggaacacgctgcttccaccctcccaagacaacc 
2474 cctgggaggcagcagagtggtatgggaaaaaggatctattcagga 
2519 gacctgggtccctggccctgggctggtcccttcccctcctggggc 
2564ctcactctcccaggagcacagcaactcttggccaactcccactcc 
2609tctcctggagtgcctaccccaggggcctccttcactccttgccgt 
2654 ttgt 2657 

V L Q Y V K L P V V P H A E C 

Hinh 2: D ^ dilm chu5i AcDN vi protein ciia MASPS. Start (ATG) vi stop CTAG) codon du^c in hoa djm. 
Chuoi kh6i diu cho qui trinh chuyin mi dut?c in d ^ . Cic cysteme (Q dugc gach du6i. Cic vi tri dl xiic tic 

diroc d6ng khung. Vj tri glycosylation (' ) dirpc m viln (outline). Methionioe loop Auqc nh$n diln trong 
chuSl du(?c gach dmH hin hic. V( hi chia tich MASPS thinh hai chu6i A vi B duijc dinh diu mOi tin (T). 

Hinh 2: DJc dilra ciu tnic bjc 1 protem MASPS v6i cic miln chiic ning giiu cysteme 
2. Vi tri ciia gien trln bin d l vi da iiinh nucleotit 
Sir d | trinh kit qui AcDN trln ngin hing dii 

liiu cho thay MASPS gom 11 exon, dupe djnh v| tir 
134.301.569-134.349.594 bp (SscrofalO.2, Map viewer, 
NCBI) hoSc to 94.375.011-94.422.595 bp (Sscrofa9, 
Ensembl Sus scrofa version 65.9, http://www. 
ensemhl.org/Sus_scrofa/Info/Index) U-|n nhiim sSc 
thi IS. Trong khi do, gien MASPl/3 a ngutri dupe 
dinh vi trln vimg nhiim sic thi 3q27-q28 vi b chuOt 
h-ln nhiim sic thi 16 B2-B3 (Takada et al., 1995). 
Kit qua lip bin do gien cung di chi ra sir hi |n di |n 

cua rapt gien don MASPl/3 6 chu|t (Takada et al., 
1995). 

Kit qui dpc trinh to chu6i AcDN trln cic gionfl 
hep khic nhau Pietram (n-30) vi Landrace (n-30) 
khong tim thiy dirpc dilm dpt biln trln gien MASÎ  
tai viing khic nhau giiia hai gien MASPl va MASÎ . 

3. St; tiiong ddng giiia cic chudi proteasi ciia 
phiic hpp b6 thi 

Giira MASPl vi MASPS c6 sir toong deng 8H1" 
miic do AcDN (toong ling GienBank GU810082B 
GU810083) vi 75% b miic dO protem (tuong ling ngSi 
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hang gien ADF30842 va ng&i hang gien ADF30843), 
K t̂ qua phan tich cung cho thdy, cd su gidng nhau 
hoan todn 1.461 nucleotit ddu ti^n (10 exon) trong 
chuoi AcDN (nt 1-1.461) giua hai gen MASPl va 
MASP3. Su khdc bi&t giua hai gien d doan cudi (chi 
gidng nhau khodng 58%) bdt dau tii nL 1.642- 2.657 
(1.196 bp) ciia gien MASP3 va tii nt. 1.642-3.009 
(1.548 bp) ciia gien MASPl. M$c ddu chuoi nucleotit 
duoc gidi trinh nhi^u trinh tu han, nhung gien 
MASPl ma hoa protein it hon gien MASP3 (699 a.a 
vs728a.a). 

Su khdc nhau v4 cdu tnic protein cung tuong tu 
nhu AcDN, nghia la cd hai protem cd 439 a.a b ddu N-
terminus (chua hai mi4n CUB vd EGF_CA) va doan 
trung tam (chua hai mi^n CCP) gidng nhau hodn 
todn. Su khdc nhau ducirc tim thdy d doan C-terminus 
chua mien Tryp_SPc. Doan khdc nhau bdt dau tir a.a 

. 440-728 (289 a.a) d MASP3 va hr a.a 440^99 (260 a.a) 

ATG 

S 

Reverse sJrantf _ 

d MASPl. Sv gidng nhau trong doan C-terminus la 
39% giQa hai protein. 

Mac dii cd su khdc nhau v^ chu6i nucleotit va 
axit amin nhung cau tnic protem cQa hai gien deu 
chua cdc mi^n chiic nang giau cysteine tuong dong 
nhau nhu CUB, EGF_CA, CCP va Tryp_SPc. Ngoai 
tru mi^n Tryp_SPc cua MASP3 (263 a.a) Idn hon 
MASPl (244 a.a), thi cdc mi^n chuc nang cdn lai d^u 
bdng nhau giua hai protein. Tuy nhi^n, du nhd hon 
nhung mi^n Tryp_SPc cua MASPl (7 cysteine) lai la 
mi6n giau cysteine han MASP3 (5 cysteine). Trong 
mi^n Tryp_SPc, MASP3 cd vdng methionin 
(CKTSYESRSGNYSVTENMFC), h-ong khi MASPl 
cd vdng histidmin (CGGSLLGSSWIVTAAHC). Vi hai 
protein khd tuong dong v^ cau tnic n^n vai trd va 
chuc nflng cung cd th^ sS gidng nhau trong ca che 
hd trgf quA trinh kich hoat miln dich tu nhi^n thdng 
qua con dudng lectin ciia phuc hgp bd the. 

MASP3 
GenBank 
GU810082 

SSC13 
-| Genomic cont ig 

NW_001885220 

B I K 

vK-^^-^^-HIMK \̂/4vlllvHlv MASP1 
GenBanIt 
GUS10082 

3 4 S B 7 a 

Hinh 3: Six toong ding chuoi AcDN MASP3 vi MASPl. Hing s6 bin trin ciia m6i gien l i chilu dii (bp) ciia 
nhiing doan into>n vi hing s6 bin du6i l i chilu dii (bp) ciia nhiing doan exon 

Rling Clr va Cls thi giong nhau 66%. Endo et al. 
(1998) vi Schwaeble et al. (2002) rigu y ring, MASP, Trong khi do, so voi cic chuli proteaza khic 

trong phiic hop bo thi, a miic do AcDN, MASP3 va 
MASPl CO do toong dong voi thanh phan bo thi Clr 
(ngin hang gien AY349421) lan lupt b mile 68% vi 
71%. Miic dp toong dong niy thap hon dupe tun thay 
giira MASPS vi MASPl voi Cls (ngan hang gien 
AYS49426) lin lupt li 62% va 64%. Trong khi do, giira 
Clr vi CI CO muc dp tuong dong l i 66%. O miic d0 
protein, sir tuong dong dupe tim thiy giiia MASPS 

Clr vi Cls xuat than to mpt gien to hin chung, mac 
dii cau tnic miln proteaza ciia chiing co doi chiit 
khac hilt. 

IV.KETLU9N 

Toin bp chilu dai gien iVlASP3 da dupe giii ma 
trinh to chuoi AcDN va ciu hiic protein bic mpt ciia 
IP cung da dupe nhan di|n. Vj tii cic exon, miln 

(ngin hing gien ADF30843) voi Clr (ngin hang gien protem chiic ning giiu cysteine, N-glycosylaUon,...da 

AAR20889) l i 68% hoic vcii Cls (ngin hang gien ^^^ xic dinh. Tuy nhiln, nghiin ciiu khong tim 
AAR20894) l i 62%, h-ong khi giira MASPl (ngin hing thay dupe da hinh gien h-ln vimg khic biet giira gien 
gien ADF30842) vcW Clr l i 71% hoSc vcji Cls l i 64%. MASPl va MASPS. Kit qua nghiin cim dat dupe 
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nhiing k^t qua budc dau v^ dac di^m phSn tii vd phan 
tich mgt sd vimg mi^n chiic nang ciia gien. Day Id 
ti^n d^ caban cho nhiing nghidn cuu ti^p theo v^ vai 
trd ciia gien trong ca ch^ kich hoat mit>n djch theo 
con dudng lectin ciia phuc hgp bd th6 - d̂ ii di^n cho 
ca ch^ ddp tra mi^n djch ban ddu cua mi^n djch d|ch 
th^ b vat chu chdng lai mdm b^nh xAm nhi^m. 

Ldi cdm ta 

Cdng trinh dupchoin thinh dmn sir hS trp'kinh 
phi cua Bd Nghien cuu Giio due CHLB Diic 0MBF) 
trong khudn khd du an VNB03/B01 
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MOLECULAR CHARACTERIZATION OF THE PORCINE MANNAN - BINDING 
LECTIN SERINE PROTEASE S 

Do Vo Anh Khoa, Klaus Wimmers 
Silmmary 

Gene encoding mannan-bindmg lectin serine protease (MASP) plays an essential important role in innate 
immune response of host, especially in activation of complement system via the lectin and alternative 
patirways. MASPs family consisted of three distinct genes (MASPl, MASP2 and MASPS). Therefore, the 
current study aimed at sequencing AcDN and analyzing molecular structure of the MASPS (MASPl 
isoform 2). With 2,657 bp and 11 exons, in which the coding region is from nucleotide nt. 152-2388, MASPS 
encoded 728 anuno acids. There was high homology among mammalian species (pig, human, catde and 
dog) at boUi cDNA (87-90%) and protem (92-94%) levels. Macromolecule MASPS had 27 cysteine residues. 
However, amino acid with high percent in its protem mcluded Ser (8.4%), Vai (8.1%), Leu (8.0%). Gly (7.6%) 
and Giu (7.1%). With a molecular mass of approximately 81.55 kilo Daltons, MASPS was an assembly of 
rich-cysteine protein domams such as CUBl (a.a 18-1S8, 2 cysteine), EGF_CA (a.a 139-182, 6 cysteine), 
CUB2 (a.a 185-297, S cysteine), CCPl (a.a 301-S62, 4 cysteine), CCP2 (a.a 367-432, 4 cysteine) in N-
terminus and Tryp_SPc (a.a 449-711, 5 cysteine) in C-terminus. The Tryp_SPc is the largest domain 
whereas EGF_CA is the smallest. Besides those, a signal peptide (a.a 1-19), 13 disulfide bonds, 5 N-
glycosylation sites, and methionine loop (a.a. 63CW)49) were also identified. Tbese are as major premises for 
further studies for roles of the MASPS in immune response mechanism for disease resistance in pigs. 
Keywords: i\iASP3, cDNA, protein, molecular characteristics. 
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