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PHAN T I C H T R I N H TU" G E N (PHYA) M A HOA PHYTASE THANH THIjC TU" M O T SO 
C H U N G ASPERGILLUS NIGER 

NgoThanh Xuan''^'\ Mai Thi Hing^ Nguydn Phutmg Linh'^ Dinh Thj My Hing', Vu Nguyen Thanh' 

'Vien Cong nghiep Thuc phdm 
^Trudng Dgi hgc Suphgm Hd Npi 
^Trudng Cao ddng Cdng dong Lao Cai 

Phytase (mj'o-inositol hexakisphospliate phospl ol ydrohse) la enzyme thiiy phan acid phytic dupe long 
hop bdi thuc vat va vi sinh v§t. Phytase tir As/ g tl gc 1 ô it dgng d pH thap vii dang dupe ung dyng pho 
biSn trong thirc 5n chan nu6i, Trong nghien cuu nay pha do^n ma h6a protein thSnh thyc ciia phytase (phyA) 
tit genome ciia 10 chimg A niger dxtgc tich do g vi 9 tro g so do dug'c giai trinh ty. Phan doan khao sat co dp 
dai 1344 bp. ma h6a cho 448 amino acid. Trong phan do^n nay, trinh tu nucleotide giira cic chiing c6 dg tuong 
dSng 99,7% - 92,1 vdi tir 3 dSn 106 nucleotide khic bi?t. Phan tich frinh ty amino acid suy dien tii frinh ty 
nucleotide cho thay, phytase ciia cic chiing A. niger kliao sal c6 the khong ben nhiet. Phytase tir cac chiing 
CNTP 5150, CNTP 5149, CNTP 5033 va CNTP 5091 c6 im didm hoat dpng 6 pH thip va hoat tinh dac hieu 
vcri acid phytic cao. Dua theo dp tuong d6ng. cic phytase khao sat co thS dugc xep vao 4 nhom phytase da 
cflng bo cho A niger Trinh ty gen ma hoa phyA ciia cac chung A niger khao sat diroc dang ky tren GenBank 
vdi cac ma s6 HM369362. HM369363. HM369364, HM369365. HM369366, HM369368 va HM369369 mong 
ling v(h cac chung-•t Hige/-CNTP 5150, CNTP 5148, CNTP 5149, CNTP 5032, CNTP 5033, CNTP 5090 va 
CNTP 5091 

Tu khoa: Aspergillus niger, gene phyA. phdn tich tiinh tu. phytase thdnh thifc 

MCIDAU 

Phytase l i enzyme phan giai phytic acid (myo-
mositol hexophosphate), mot dang du trii phosphor 
chu yeu ciia cic cay ho dau, cay ngii coc va cay cho 
hat liy diu, dong then giai phong phosphor vo co 
(Kerovuo, 2000; Vohra, Satyanarayana, 2003). Dpng 
vat da day don nhu gia cim, 1cm, c i khong co khi 
nang sin smh phytase frong duong tieu hoa. Viec bo 
sung phytase vao thiic in chan nuoi se giiip dong -vat 
hap thu duac phosphor ngay trong chinh thanh phan 
cua thiic an, giim chi phi bo sung phosphor vo co, 
d6ng thai giiip vat nuoi tang frpng va tranh nguy ca 
gay 6 nhilm moi truong (Cromwell et ai, 1993). 
Ngoai img dung frong chan nuoi phytase con duac 
ling dung frong cong nghiep giiy, sin xuit dupe 
phim, cii tao di t fr6ng va thuc phim dinh cho nguoi 
(Kerovuo, 2000; Vohra, Satyanarayana, 2003). _ CJ 
Viet Nam hien nay phytase hiu het dupe nhip khiu, 
vi vay san xuit phytase frong nuac dang l i muc tieu 
cua nhieu nghien ciiu. 

NguSn phytase tu vi sinh vat co nhimg tiem 
nang img dung to 16n. Dac biet phytase tu A. niger 

hoat dong d pH thap thuong duac sin xuat, img 
dung cho chan nuoi (Al Asheh, Du-vnjak, 1994; 
Berka et al, 1998; Rodriguez et ai, 1999; Shimizu, 
1993; Xiong et al., 2004; Zhang et al., 2005). 6 
nuac ta, viec tich dong va giai trinh tir gen ma hoa 
phytase moi dupe thuc hien a Bacillus subtilis (Do 
Thj Ngoc HuySn, 21)07, Nguyin Van Vi6t, 2008). 
Trong nghien cim niy, lin dau tien chiing toi phan 
lap gen phyA thanh thuc tir A niger de tao chiing tii 
t6 hpp, sin xuit phytase gii thanh thap thay the cho 
phytase nhap ngoai. 

VAT LIEU VA PHUONG PHAP 

Chung vi sinh vat v i plasmid 

Muoi chung n im m6c dupe tiep nhan tu Bo Suu 
tap gi6ng cua Vien Cong nghiep Thuc phim (9) vi 
Bo Suu tap gifing ciia Bp mon Cong nghe sinh hoc -
Vl sinh, ttucmg Dai hpc Su pham Ha Noi (1) (Bing 
1). E coh DH5a va vector pPICZaA (Invifrogen) va 
pTZ57R/T (T/A) (Fermentas) dupe sii dung Ah, nhan 
dong gen ma hoa phytase thinh thuc. 
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Bing 1. Mu&i chCing A. nigersii' dyng d i nhSn ding phyA thinh thyc. 
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Tich chiet DNA genome vi plasmid 

Genome tir A. niger dupe lich chiel vi tinh ŝ ch 
bing kit QIAEX 11 (Qiagen, MJ). Nam moc dupe 
nuoi cay fren moi tru6ng malt agar (I % malt exfract; 
1% glucose; 2% agar) frong 3-5 ngay cr 30°C. Bio tu 
dugc thu bing 2 ml dung djch chiia 0,1% Tween 80. 
Sau do, 0,5 ml dich bio tii dupe chuyfin vio binh 
tam giac chiia 10 ml YM (0,3% malt exfract; 0,3% 
yeast exfract; 0,5% peptone; 1 % glucose) vi nuoi lie 
200 vong/phiit 6 30°C frong 8 - 16 h. Sau do 1 ml 
mam bao tu dupe chuyen vao ong Eppendorf 1,5 ml 
va ly tam I phiit vai 12000 vong/phiit. Sinh kh6i 
dupe nia bang nuoc cit thanh trimg va b6 sung 0,75 
ml 2x SSC (0,3 M NaCl; 30 mM CHjCOONa; pH 
7), fron dSu rdiii 20 phiit 6 99°C. Toan bp djch vi ti 
bio dupe chuyen sang ong Eppendorf miii vi ly tim 
1 phiit o 12000 vong/phiit, loai bo djch phia fren, 
Sinh khoi dupe nia bang nuoc cat, sau do bo sung 
100 ^l phenol/chloroform, 100 pi hat thiiy tinh vi 
100 pi nuoc. Smh kh6i dupe d6n§ hoa fren may phi 
te bio Biospec (Anh) o chg dp toi da trong 2 phiit, 
H6n hpp dupe ly tam 10 phut 6 12000 vdng/phiit. 
Dich noi phia fren dupe dung lim khuon cho PCR. 
Plasmid DNA dupe tich chiet bing NucleoSpin® 
Plasmid exfraction kit (Machercy-Nagel, Germany). 

PCR 

Gen (1344 bp) mi h6a phyA thinh fliyc dupe 
khuach dai bing PCR sii dyng m6i PhyAF (5'-GCT 
GAA TTC CTG GCA GTC CCC GCC TCG AGA-
3') vi PhyAR (5'-TGT TCT AGA GCA AAA CAC 
TCC GCC CAA TCA CC-3') dupe thiet kg theo 
frmh bfphyA (GenBank: Z16414). PCR (50 ^1: 1 1̂ 
DNA khuon; 0,2 mM dNTP, 1 pmol m6i moi; 1,25 

mM MgClj, Ix d?m Taq polymerase vi 2 U Tofl 
polymerase) dupe th r̂c hi?n fren miy GeneAmp 
PCR System 9700 (MJ) vdi chS dp nhi?t: 94°C/3'; 
30x (94°C/40". 52°C''r, 72'*C/I'); 72X/7'. San 
phim PCR dupe di?n di fren gel 0,8 

Bi€n nap bang soc nhiet 

Te bio khi bien dugc lay ra tir -75°C, lam tan 
15 phiit fren da. Sau do, moi ong \i bao khi bien 
dupe b6 sung 10-100 ng DNA, dio nh? nhang di 
DNA phan bo deu frong dich te bao kha b i ^ de 30 
phut fren di. Mau dupe gay shock 90 giiy cr 42°C, 
sau do d$t 2 phiit fren da. Dich bien nap dupe bo 
sung 1 ml LB (0,5% yeast exfract; 1% tryptone; 1% 
NaCl; pH 7) va lie 60 phiit a 37°C, 100 nU djchtS 
bio dupe cay frii fren dia th^ch LB hd sung 100 mg/l 
ampicillin, li qua dem 6 37°C. Cic thk biSn nap 
duong linh dupe ch^y PCR-khuin Ijic bing cich lay 
dau tip chim khuin Ipc, chuyin vio 6ng PCR lam 
khuon. Che dp nhift nhu nhan gen phyA, bd sung 
95°C/10' oaroc phin ling (Sambrook, Russell, 2001). 

XAc djnh trinh tu- gen 

Trinh Ur DNA dupe giii theo nguyen ly Sanger su 
dyng kit AmpliTaq (Amersham) theo hu6ng din aia 
hing voi cac moi tuong iing fren may dpc trinh tu 
model 377 (Applied Biosystem). Cic chuSi DNA duac 
so sanh v6i cac trinh ty fren GaiBank 
htfri://blast.ncbi.nhii.nih. gov/Blast.cgi1 t ^ g phin mem 
BioEdit 5.0.6 va so sinh bing ClustaDC 2.0. Trinh W 
amino acid dupe suy doin dya tren bing ma cho A. 
niger sii dyng phin mSm Vector NTI 9.0. Ciy ti&i hoa 
dupe hi&i thj bing lAin mkxa TretExplwer 2.12. 
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KET QUA VA THAO LUAN 

Nhan d6ngpAVi4 th^tnh thuc tir A niger 

DNA genome ciia 10 chiing Aspergillus tinh sach 
dupe sii dyng lam khuon cho PCR. San phim PCR 
(doan phyA) cho mpt bing DNA sang sic n t̂ iing vdi 
1,4 kb, tuon§ duan^ v6i kich thu6c ciia doan phyA 
thanh thuc cin khuech dpi theo tinh toin li thuyet 
(1344 bp) (Hinh 1). Sin phim PCR dupe gin vio 

vector tich dong pPICZaA (CNTP 5033, CNTP 
5037, CNTP 5091, CNTP 5150) vi pTZ57R/T (CNTP 
5032, CNTP 5034, CNTP 5089, CNTP 5090, CNTP 
5148, CNTP 5149) vi bifin npp vao E. coli DH5a. 
Gen phyA tix 9 chung A. niger khic nhau trir chiing 
CNTP 5034 dupe tich d6ng thinh c6ng. Cic tha bien 
npp E. coli duong tinh chira plasmid mans gen phyA 
dupe kiem fra Mng PCR-colony, nuoi cay vi tich 
chiet plasmid da giii frinh tu DNA, 

Hinh 1, Nhan d6ng gen phyA thdnh thyc bing PCR. M. GeneRuier™ 1 kb DNA Ladder, 1 -10. s6 thif ty cAc chung. 

Giai trinh tir gen phyA 

Plasmid pPlCZaA/p/j>'-4 dupe giai frmh tu o gen 
phyA va cac vung phu can sir dung hai moi a-factor 
va 3'-A0Xl. Plasmid pTZ57R/T/p/i>'.4 dugc giai 
frinh tu su dung cip moi M13F va M13R. Trong 9 
gen dupe giii trinh tu, 8 gen thugc cic chiing CNTP 
5032, CNTP 5033, CNTP 5037, CNTP 5090, CNTP 
5091, CNTP 5148, CNTP 5149, CNTP 5150 di 

dupe doc thinh cong toin bo gen thanh thyc. Rieng 
vai chiing CNTP 5089, frinh tu 276 nucleotide diu 5' 
CO nhiSu loi vi khong phan tich dugc. Trinh ty con 
lai ciia phyA (1068 nucleotide) tir CNTP 5089 co dp 
tuong ddng 99,5% voi pl^A ciia CNTP 5149 v\ frinh 
ty DNA vi 99,4% ve frinh ty ammo acid. Muc dO 
tuong d6ng DNA vi so lugng nucleotide khic biet tii 
frinh tu nucleotide cua 8 chung dugc the hien frong 
bang 2. 

Bdng 2. Do tuong d6ng trinh ty DNA ciia cSc gen phyA th^nh thyc vh sy sai khac v^ s6 nucleotide 
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Trinh ty nucleotide khic bi?l nhau gi&a cic gen, 
Cic cip frinh ty c6 d^ tuong dong thip li CNTP 
5033 - CNTP 5090 ;92.1%); CNTP 5032 - CNTP 
5033 (92,1%); CNTP 5037 - CNTP 5090 (92,2%); 
CNTP 5032 -CNTP 5037 (92,3%) Cic cip Irinh ty 
c6 dp tuang dfing cao thugc vc CNTP .'i 148 - CNTP 
5090 (99,7%); CNTP 5032 -CNTP 5090 (99,7%). 
CNTP 5148 - CNTP 5032 (99.5%); CNTP 5033 -
CNTP 5037 (99,1%). Dî u niy cho thiy ngay Irong 
Cling mpt loii cic gen mi h6a phytass c6 sy khic 
bi?t khi Ian vi c6 the mang d$c diem riSng khic 
nhau. 

Tuy nhiSn, sy sai khic iihicu ve trinh ly 
nucleotide chua hin di dan den sy sai khic ve 
frinh ty amino acid trong protein ciia PhyA (Minh 
3). CNTP 5149 vi CNTP 5148 khic nhau d 88 
nucleotide vi o 21 amino acid, trong khi d6 CNT P 
5149 va CNTP 5090 khic nhau o 89 nucleotide 
nhung chi khic bi^t a 19 amino acid. CNTP 5032 
va CNTP 5090 c6 3 nucleotide khic bipt nhung 
khong CO amino acid khic bi t̂ nio. Nhin chung, 
frinh tu amino acid bio thii han so vai frinh ty 
nucleotide theo nguyen ly 61 codon ma hoa cho 20 
amino acid. 

Cay phin loai gen phyA thinh thuc ciia mpt so 
chiing A niger fren GenBank co the dupe chia lam 4 
nhom chmh vi deu chiia nguon gen da tich dong tii 
cic chung A. niger frong nghien ciru nay: CNTP 
5089, CNTP 5149 (nhom 1); CNTP 5033, CNTP 
5037 (nhom 2); CNTP 5091, CNTP 5150 9 (nh6m 
3); CNTP 5032, CNTP 5090, CNTP 5148 (nh6m 4) 
(Hinh 2). Trong cimg nh6m, khi so sinh frinh ty 
nucleotide ciia phyA thinh thyc giira chiing nghian 
ciiu va chimg fran GenBank cho thiy. Nh6m 1: 
Chiing CNTP 5149 c6 dg tuong dSng 99,8% v6i A. 
niger AF218813; Nhom 2: Mire dg tuong dong giSa 
CNTP5033 va CNTP5037 v6i A. niger AY426977 
lin lupt la 99,7% va 99,6%; Nhom 4: Trinh ty ciia A 
awamori DQI92035 CO dg dg tuong dong 99,9% voi 
CNTP 5090, 99,8% vtii CNTP 5032 vi 99,7% v6i 
CNTP 5148. Trong nhom 3, CNTP 5091 c6 dp 
tuong d6ng 99,9% vdi A. niger L02421, frong khi do 
chimg CNTP 5150 co co dp khic biet Idn nhat so voi 
cac frinh ty frong ciing nh6m. Dp tuong dong cao 
nhit ciia CNTP 5150 voi A. niger AY745739 li 
97,9%, nen rit c6 tha phytase tir CNTP 5150 mang 
nhiing die diem khic bi?t. Nhu vay, cac gen phyA 
thinh thyc frong nghien cim nay co mit frong hiu 
het cic nhom co ban. Day chinh la nguon nguyen 
lieu phong phu, gnip ich frong viec lya chgn nhiing 

gen thich hgp de t̂ o chimg tii t6 hpp. 

Trinh ty amino acid suy doin ciia protein thanh 
Ihyc tir cic chiing A. niger nghien ciiu vi frinh ty 
PhyA cua chiing A. niger NRRL 3135 (GenBank: 
ZI6414) dugc so sinh v6i nhau (Hinh 3). 

Trinh ty protein cua phytase hoin chinh co 467 
amino acid, trong d6 19 amino acid thu$c do^ 
peptide tin hi$u vi 448 amino acid thugc dô n 
protein thinh thyc, gi6ng h§t phytase tir A. niger 
NRRL 3135 (Mullaney elai, 2000). Trinh Ur protein 
thinh thyc tir chiing CNTP 5037 dimg l̂ i a vj tri fliir 
50 c6 th^ do \h\ dgc trinh ty, neu khong chiing n̂ y 
khdng bî u hi$n dupe protein hoin chinh. 

Mpt trong nhihig quan tam Idn nhat ciia chimg 
toi vdi phytase li v| tri hoat dgng ciia aizyrae; kha 
ning ho9t dgng d pH acid; khi ning bdn nhi^ dû c 
chi phoi hay quyet djnh bdi mpt sd amino acid nao 
Chinh vi v%y vî c phan tich mpt so vj fri amino acid 
ciia chimg nghien cuu, so sinh vdi cic cong bo fruoc 
dd cd y n^Ta dgn vifc dy doin dupe die tinh 
enzyme. 

Mpt sd amino acid tao thinh diem gin co chit 
die hifu (SSS) vi bao quanh vj fri hoat dgng cua 
phytase A niger NRRL 3135 bao gom: hai amino 
acid tinh acid E228. D262 va b6n ammo acid tinh 
base K9i, K94, K300, K301 (Mullaney elai, 2000). 
Cic chimg CNTP 5033, CNTP 5091, tn-TTP 5149, 
CNTP 5150 dau cd trinh ty diSm gin co chit dac 
hipu gi6ng nhu A niger NRRL 3135. Rieng cac 
chung CNTP 5032, CNTP 5090, CNTP 5148, amino 
acid K300 (lysine) dugc thay bing N300 
(asparagine) mgl amino acid trung tinh. Wyss et al. 
(1999) chi ra ring neu amino acid 300 mang tinh 
acid ho^c base thi phytase cd ho(it tinh xiic tac cao 
vdi ca chit phytic acid. Ngugc I41 ho?t tinh xuc tic 
giim khi amino acid 300 dd trung tinh. Chinh vi v|y 
phytase tir cic chiing CNTP 5032, CNTP 5090, 
CNTP 5148 dugc dy tinh se khong c6 hoat tinh cao 
va khong cd tinh ĉ uih tranh khi dupe sir dung. 

B6n amino acid K91, K94, K.300, K301 co vai 
trd quan frgn^ doi vdi die tinh ho^t dpng d pH thap 
ciia phytase. O pH 2,5, bdn amino acid froi &hi lid 
dî n duang va co ii lyc manh vdi co chit tich di^ 
am (phytic acid) (Wyss et ai, 1999). Th§m chi khi 
pH len tdi gia fri 5,0 thi dien tich ciia difim gSn co 
chat d§c higu van cdn cd ii lyc vdi co ciiit Nhu v§y 
phytase tir cic chimg CNTP 5033, CNTP 5091, 
CNTP 5149, CNTP 5150 diu cd 4 amino acid nhu 
fren cd kha ning ho^t dpng tdt d pH acid. 



0 chi Cong nghe Smh hgc 10(1): 115-122, 2012 

Zhang vi ddng tic gii (2007) ch; ra rang 4 
amino acid co lien quan dSn dac tinh hhn nhiet ciia 
enzyme niy li A58, P65, Q19i, T271. Nau phytase 
CO 4 amino acid nhu fren thi khi nang bSn nhi?t ciia 
enzyme la thap. Tat ca cac phytase da dupe phan Igp 
dau CO 4 amino acid nhu da neu, nen chung c6 the 
khong ban nhift Dgt bian diam thay the 4 amino 
acid A58E, P65S, Q191R, T271R da lam ting dp 
ben nhiat cua phytase nhung dong thdi khong inh 
hudng dgn dac tmh pH (Zhang el ai, 2007). Chinh vi 
vay khi ning dgt bien diem d 4 amino acid dugc tinh 
den nau mong muon sin xuat phytase ben nhiat. Nhu 
viy phytase thinh thyc suy ra tir cic gen pli}'A ciia 
cac chiing A. niger dugc phdng doin kh6ng c6 dO 

ben nhi?t cao. Day cung li dac diem chung ciia 
phytase tir vi sinh vat nay. Khai thic vi sit dyng 
ngu6n gen tir cic chiing CNTP 5150, CNTP 5149, 
CNTP 5033, CNTP 5091 c6 nhiSu uu diim va khi 
ning hoat dpng d pH thip, hogt tinh d$c hi^u cao vdi 
phytic acid. Diy cung chinh li dinh hudng sin xuat 
phytase phyc vy thiic in chin nuoi. 

Cic frinh ty nghien ciiu di dupe ding ki vi 7 
frinh ty phyA dupe c6ng b6 tren GenBank. Ma s6 
fruy cap ciia cac chiing CNTP 5150, CNTP 5148, 
CNTP 5149, CNTP 5032, CNTP 5033, CNTP 5090, 
CNTP 5091 lin lugt li: HM369362, HM369363, 
HM369364, HM369365, HM369366, HM369368, 
HM369369. 
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Gen phyA thinh thuc tir DNA genome ciia m$t 
so chiing A. niger dugc phin lap thinh cong bing 
PCR. Trong 9 gen phyA t ich dong, 8 gen phyA dupe 
giii frinh ty hoan toan (1344 bp), rieng gen phyA ciia 
chiing CNTP 5089 bi 16i 276 nucleotide. Miic dg 
tuong dong di truyen giCra 8 gen phyA thinh thyc li 
92,1-99,7% va dugc phan v io 4 nh6m chinh fren c iy 
phin \o^\. Day l i nguon nguyen li^u phong phii, tiSm 
ning phyc vu s in xuat phytase tii to hgp ho^t tinh 
cao, ho^t dgng 6 pH thap phii hgp cho iing dyng 
frong thiic in chin nuoi. 

LM c im on: Cong trinh du^rc hodn thdnh vdi su ho 
trg kinh phi cua De ldi md so 05/HD-
DT.05.10/CNSHCB. Bg Cdng Thrcmg. Ddng thdi cd 
sif ddng gop cua Chuang trinh hgp tdc nghien cuu 
Viet Nam - Thyy Dien SIDA/SAREC. 
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SEQUENCK ANALYSIS Ol- THE GENE (PHYA) ENCODING THE MATURE PHYTASE 
FROM SEVERAL ASPERGILLUS NIGER STRAINS 

Ngo Thanh Xuan'"^' \ Mai Thi Hang', Nguyen Phuong L inh ' ' , Dinh Thi My Hang', Vu Nguyen Thanh'-* 

'Food Industries Research Institute 
^Hanoi National University ol Education 
^Laocai Community College 

SUMMARY 

Phytascs (mw-inosiiol hexakisphosphate phosphohydrolases) are produced in plants and microorganisms, 
particularly in ftingi, Phyiascs produced hy Aspergillus niger arc active at acidic conditions. The enzymes have 
found wide application as supplement for animal feed, hi this study, DNA fragments encoding mature phytase 
sequences (jthyA) from 10 A. niger strains have been cloned and 9 sequences have been analyzed. The 
Iragments contained 1344 bp encoding for 448 amino acids. The oblained phyA sequences showed 99.7 -
92.1% similanty and differed from each other by 3 to 106 nucleotides. The derived amino acid sequences 
indicated thai phytases produced by ihc investigated A. niger strains might not be heat resislant. Phytascs from 
A niger stiains CNTP 5150, CNTP 5149 , CNTP 5033, and CNTP 5091 might be active at acidic OHiditions 
and possess high specific activity with phytic acid. Based on sequence similanly, the sUidied enzymes might be 
classified under four phytases that have been reported for A niger. The phyA sequences have been deposited at 
tiie GenBank with accession numbers HM369362, HM369363, HM369364, HM369365, HM369366, 
HM369368, and HM369369 corresponding to the A. niger sfraJns CNTP 5150, CNTP 5148, CNTP 5149, 
CNTP 5032, CNTP 5033, CNTP 5090, and CNTP 5091, respectively 

Keywords: Phytase. Aspergillus niger, sequence analysis, phyA, mature protein 
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