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(54) QUY TRINH CHUYEN HOA TRICHOTHECEN NHO ENZYM VA CHAT PHU
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(57) Séang ché dé cap dén quy trinh chuyén hoa trichothecen nhd enzym, trong do it nht
mot trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3 duoc cho tiép xtc voi
dehydrogenaza rugu co trinh ty néu trong SEQ ID NO. 1 chira cac ion kim loai va dong
nhan t6 quinon, hodc v&i bién thé chire nang con biéu hién d6 tuong dong vé trinh tu it
nhat 12 80% voi it nhat mot dong nhan tb ooxy hoa khur va nudce, va néu can it nhat mot chat
phu trg. Ngoai ra, sang ché con dé cap dén chit phu gia chuyén hoa trichothecen, trong do
chat phu gia nay chira dehydrogenaza rugu co trinh tu néu trong SEQ ID NO. 1 chira cac
ion kim loai va dong nhan t6 ‘quinon, hoac bién thé chirc ning con biéu hién do twong dong
vé trinh tur it nhit 80%, va neu can, con chira it nhat mot thanh phan bd sung dugc chon tir
nhom bao gdm ddng nhan té oxy hoa khir va it nhat mot cht phu tro.
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Linh vue ki thuat dwoc dé cap

Sang ché d& cap dén viée sir dung dehydrogenaza rugu dé chuyén hoa
trichothecen, quy trinh chuyén héa trichothecen, va chit phu gia chuyén héa

trichothecen.

Tinh trang ki thuat cia sing ché

Céac trichothecen thé hién nhém cac doc t6 ndm thudong gip bao gdm
deoxynivalenol (DON, CAS sb 51481-10-8), doc t& T-2 (CAS s 21259-20-1), doc
t6 HT-2 (CAS sb 26934-87-2), nivalenol (CAS sé 23282-20-4), fuseranon-X (CAS
s& 23255-69-8), scripentriol, 15-axetoxyscirpenol (CAS s& 2623-22-5), 4,15-
diaxetoxyscirpenol (CAS sb 2270-40-8), trichodermol (CAS sé 2198-93-8),
verrucarin A (CAS s§ 3148-09-2), verrucarin J (CAS sb 4643-58-7),
isotrichodermin (CAS sb 91423-90-4), hydroxyisotrichodermin (CAS sb 344781-
02-8), calonectrin (CAS s§ 38818-51-8), T-2 tetraol (CAS s& 34114-99-3),
deaxetylneosolaniol (CAS sé 74833-39-9), neosolaniol (CAS s6 36519-25-2),
axetylneosolaniol (CAS s6 65041-92-1), sporotrichiol (CAS s6 101401-89-2),
trichotriol (CAS s& 109890-37-1), sambucinol (CAS s6 90044-33-0), va culmorin
(CAS sb 18374-83-9), v.v.. Cac trichothecen, cu thé 1a DON, con dugc biét la
vomitoxin, ¢ thé dugc tao ra boi mot s6 nAm Fusarium, dic biét 1a F. graminearum
va F. culmorum. Céc loai nAm nay tin cong cdy trong nhu ngd, cic loai hat khac,
nhu lua my, yén mach, hodc dai mach, trong khi théng thuong su tAn cong boi nim
dién ra trude khi thu hoach va sy sinh trudong clia nim hodc su tao thanh doc t6 ndm
ciing c6 thé dién ra true d6, hodc trong trudng hop bao quan khong thich hop, dién

ra sau thu hoach.

Té chic Luong thuc va Nong nghiép Lién hop qudc (FAO) di uéc tinh ring
25% san phdm ndng nghiép trén toan thé gidi bi nhiém doc t6 nam, didu nay dan
dén ton thit dang ké v& kinh té. Trong nghién ciru gan day hon dwoc thuc hién trén
toan thé giéi bai 1. Rodrigues va K. Naehrer, Toxins, 2012, 4, 663-675, trong thoi
gian tir thang 01/2009 dén thang 12/2011, téng s6 23.781 miu duoc phan tich, trong
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s6 d6 81% duoc kiém tra 1a dwong tinh di v6i it nhat mot doc td ndm va 59% duoc
kiém tra 1a duong tinh ddi véi cac trichothecen, dic biét 1a DON. Céc trichothecen,
dic biét 1a DON c¢6 thé duoc phat hién vé6i tin suét 1én dén 100% & tat ca cac ving
trén trai dat cling nhu & tAt ca céc loai hat va thirc an chin nudi dwoc kiém tra, nhu
ngd, bot ddu nanh, lda my, cam Iia my, DDGS (bi ngii cdc 1én men: distiller's dried
grains with solubles), va trong cac hdn hop thirc dn chin nudi ché bién sin. Ngoai
céc thue phidm co ban, khong duge ché bién, ddu vét cua cac trichothecen ciing
duoc phat hién trong céac thuc phém duoc ché bién, nhu bot my, ngi cbe an sang,
céc san phAm my 6ng, banh my, banh nudng, va thuc phdm trén co sé lta my ding

cho tré nho va tré em.

Céc trichothecen c6 cong thic cdu tric dudi day:

trong d6 céc phan tir thé khac nhau R1 dén R5 khac nhau tiy thudc vao loai
trichothecen. Thuc té da biét rang, ngoai nhém epoxy, nhém alpha-hydroxy nguyén
ven trén nguyén tir C-3 cua cac trichothecen ddng thoi chiu trach nhiém cho tac
dong gay doc cua ching. Cac loai trichothecen voi nhém hydroxy trén nguyén tir C-
3 gbébm deoxynivalenol, ddc t5 T-2, doc t& HT-2, nivalenol, fuseranon-X, 15-
axetoxyscirpenol, 4,15-diaxetoxyscirpenol,  trichodermol, T-2 tetraol,
deaxetylneosolaniol, axetylneosolaniol, sporotrichiol, trichotriol, sambucinol, va

culmorin.

Deoxynivalenol (DON) c6 nhém carbonyl déc trung trén nguyén tir C-8 va cd

cdng thirc cau tric dudi day:
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on M (‘11'3 H

o ™
va c6 tén theo IUPAC la (30,70)-3,7,15-trihydroxy-12,13-epoxytrichothec-9-en-8-
on. Trong tu nhién, mot s6 kiéu phu DON doc tinh cling ton tai v&i nhom hydroxy
trén nguyén tir C-3. Cac vi du vé chung 12 DON axetyl héa (vi du, 15 axyl DON),
DON glycosyl héa, DON sulfonat (vi du, DONS-1, DONS-2), hoac DON sulfat
(DON 15 sulfat). Cac kiéu phu DON nay cling thudc cac loai trichothecen vé1 nhdm
hydroxy hoc nhém hydroxy dugc thé trén nguyén tir C-3.

Vi tac dong gy doc ciia DON nén gi6i han hozc mirc tdi da da duge quy dinh
d6i v6i thue phdm va thitc dn chin nudi boi cac co quan cb thim quyén. Do do,
Lién minh chiu Au di quy dinh ham luong DON trong thuc phim (EC sd
1881/2006, EC sb 1126/2007) va da khuyén nghi mic t6i da ddi véi thic an chin
nudi (2006/576/EC). G My, FDA da cong bd mirc tdi da.

Céc bénh tat ma gdy ra boi su tiéu hoa cac doc tb ndm & ngudi hodc dong vat
da duoc dé cap 1a cac chimg ngd doc nam. Trong truong hop cac trichothecen hozic
cac loai trichothecen, cac bénh tit nay con duogc dé cép la cac "chimg ngd doc ndm
trichothecen", cu thé hon 14 "cac ching ngd doc nam gy ra boi cac trichothecen
biéu hién nhém hydroxyl trén nguyén tir C-3", hodc thdm chi cu thé hon 13 "céc
chimg ngd doc ndm DON". Thuc té da biét rang cac tic dong gy doc cla céc
trichothecen ddi véi dong vat va ngudi 1a dua trén co sé mot s6 yéu t6. Cac yéu t6
ndy gdm su tc ché sinh tdng hop protein, su tuong tac kha di véi cac thu thé
serotonin va dopamin, va su didu hoa ting cic xytokin tién viém (EFSA Journal
2004, 73, 1-41). Hon nita, c4c chimg ngd doc ndm DON con giy ra cic thay d6i ddi
v6i cac chi thi sinh hoc, nhu dwoc chin doén bang su ting ndng do IgA trong mau,
su tang n6ng d6 SOCS3 trong gan, hoac sy gidm mic IGFALS trong huyét tuong
(Pestka et al. 2004, Toxicol. Lett. 153, 61-73) ciing nhu sy giam ndng d6 claudin
trong rudt (Pinton et al. 2009, Tox. Appl. Pharmacol. 237, 41-48).
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Vi dy, cac ching ngd doc nam trichothecen dugc biéu hién & lon béng su giam
luong thirc an tiéu thy, giam ting tredng, xudt hién su non mura va tidu chay, ciing
nhu sy loan ning mién dich va sy hdp thu dinh dudng giam trong rudt. Trong
truomg hop gia cam, cac chimg ngd doc ndm trichothecen gy ra su suy giam tiéu
thu thurc an, it tang trong, bi ti€u chay, va giam trong luong voé tring, v.v.. Trong
truong hop dong vat nhai lai, sy tiéu thu thirc an gidm va sy san xuét sita kém duge
md ta. Trong linh vuc nudi trdng thuy san, cac ching ngd doc nam trichothecen gay
ra su giam tiéu thy thic an va giam ty 1€ tdng trudng & ca (vi du, cé hdi, ca da trom,
hodc c4 hdi chdm) va tém, v.v. (Binder et. al, Guide to Mykotoxins; ISBN 978-0-
9573721-0-8). Cac tac dong gay ddc ciing da dugc md ta & ché va meéo (EFSA
Journal 2004, 73, 1-41). O ngudi, cac ching ngd doc nam trichothecen cé thé gy ra
su budn ndn, ndn mura, tiéu chay, dau bung, dau dau, hoac sbt, v.v. (Sobrova et. al,

Interdisc. Toxicol. 2010, 3 (3), 94-99).

Chién luoc chinh dé giam nhiém trichothecen hodc DON & thuc phém hodc
thure an chan nudi 14 han ché sy tin cong cua nam, vi du, bf“mg cach tubn theo “thuc
hanh nong nghiép t6t”. Tidu chuén nay gdm viée str dung céc hat gidng ma khong
¢6 ky sinh tring va nim, hodc cay x6i phén con lai sau thu hoach. Hon nita, sy sinh
truéng clia nim trén cac canh dong ciing c6 thé duoc giam di bang cach sir dung
chinh xac thudc diét ndm. Sau khi thu hoach, san phém thu hoach nén duoc bao
quéan & do Am du dudi 15% va nhiét d6 thap @& ngan ngira sy sinh truong cla nam.
Tuong tu, sdn phém thu hoach bi nhiém nim phé hoai nén dugc loai bo trude khi
ché bién tiép. Miac du ¢6 danh sach cac giai phap nay, I. Rodriges va K. Nachrer da
béo c4o (nam 2012) rdng ngay ca trong cac ving cd céc tiéu chuén ndéng nghiép cao
nhat, nhu MY va Trung Au, 79% hodc 72% tt ca s6 mau ngd duoc kiém tra tir ndm

2009 dén 2011 van bi nhiém DON.

D3 biét rdng protein dehydrogenaza rugu/aldehyt nhit dinh ma c6 kha ning
XUc tac su oxy hoa cua nhém hydroxymetyl ctia hgp chit thinh nhém aldehyt va
oxy hoa nhém aldehyt ctia hop chat thanh nhém carboxyl, 1 hitu dung dé san xuét
axit 2-keto-L-gulonic (Database WPI; Week 200377; Thomson Scientific, London,
GB; AN 2003-818681, XP002744030 & JP 2003 159079 A (Fujisawa Pharm Co
Ltd.) 3 June 2003). Ngoai ra, ciing biét ring dehydrogenaza rugu lam han ché kha
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ning hinh thinh mang sinh hoc ctia ndm Candida albicans trén bé mat dng thong
thong qua co ché dya trén etanol (Mukherjee Pranab K; Et al: “Alcohol
dehydrogenase restricts the ability of the pathogen Candida albicans to form a
biofilm on catheter surfaces through an ethanol-based mechanism”, Infection And
Immunity, American Society for Microbiology, Vol:74, No.: 7, 1 July 2016,
page(s):3804 — 3816; US - ISSN 0019-9567).

Cong bd don quéc té s6 WO2014/180939 mé ta phuong phap va bién phap dé
duy tri va bao quan hoat tinh enzym cua dehydrogenaza. Cong bd don qudc t& sd
WO 2009/133461 md ta ché phidm chéng ban chta thanh phin hoat tinh 1a
dehydrogenaza ruou (ADH) duoc chon tir nhém bao gdm ADH phu thudc ddng
nhan t§ oxy hoéa khir quinon, ADH phu thuéc ddng nhan té oxy héa khir nicotinamit
adenin dinucleotit (NAD+), ADH phu thudc déng nhan tb oxy hoa khtr nicotinamit
adenin dinucleotit phosphat (NADP+) va két hop bat ky cta chung; va phuong phép
e ché su tao thanh mang sinh hoc trén vat phflm su dung dehydrogenaza rugu.
CGng bd don yéu ciu cip patent My sé US 2006/105061 dé cap dén phuong phap
phong ngira tén thuong oxy hoa té bao gan do kim loai gdy ra, dé trc ché sy hinh
thanh ung thu t& bao gan, hodc dé ting hoat tinh ctia enzym chuyén héa chat gay
ung thu, bao gdm viéc cho ddi twong str dung mot luong hiéu qua chiét xuét ctia ché
phdm bao ché tir thao duoc chita Panax pseudoginseng, Eucommiae ulmoides va

Polygonati Rhizoma 13 céc thanh phan thiét yéu.

Lua chon khac dé giam sy nhiém doc t& niAm & thuc phém hodc thic an chan
nudi 1a hip thu hodc chuyén héa chung. D& hép thu, cAn thiét 1a su gan két gitra doc
t& nAm voi chét hép thu phai manh va déc hi¢u trong khoang pH rong va no6 van 6n
dinh trong ving da day-rudt trong toan by qua trinh tiéu héa. Mac du mot s6 chét
hép thu phi sinh hoc nhu cacbon hoat tinh, silicat hodc cac polyme tdng hop nhu
cholestryamin cé thé duoc st dung mot cach hiru hiéu dbi véi cac aflatoxin, nhung
viéc str dung cac chét nay ddi vé6i cac ddc té ndm khac, dac biét 1a cac trichothecen,
]a khong hiéu qua. Cac chit hap thu sinh hoc nhu ndm men hodc chiét xudt ndm
men cling dugc mo ta trong linh vuc nay, nhung cac chét nay ciing bi han ché tuong

tu nhu cac chét hép thu phi sinh hoc. Nhuoc diém dang ké cua cac chat hép thu la



35387

su lién két khong dic hidu kha di ctia chiing di véi cac phan tir khac ma c¢6 thé 1a

chat dinh dudng thiét yéu.

Tuong tu, su chuyén hoa, dac biét la su khtr ddc tinh cta trichothecen béng
cach xur ly vat Iy va hoéa hoc 1a han ché vi DON rét 6n dinh va duy tri én dinh ngay
ca dbi voi viée xir Iy nhiét & nhiét do 1én t6i 350°C.

Su chuyén héa vi sinh kha di ctia DON dugc mé ta trong patent chau Au s6
EP-B 1 042 449, theo d6 vi sinh vat BBSH 797 (DSM 11798) duoc sir dung dé khir
dbc tinh ctia DON. O day su khir doc tinh duge dua trén viéc mo vong epoxit trén
céc nguyén tir C-12 va C-13 ctia DON. US 2012/0263827 A mb ta su chuyén héa
sinh hoc ctia DON thanh 3-epi-DON bang vi sinh vat véi s6 truy cip Canada quéc
té 12 040408-1. Tuy nhién, dbi véi nhiéu quy trinh ché bién thuc phdm hodc thic dn
chin nudi, hdn hop cta céc vi sinh vat hodc cac chat hip thu la khong thé chip
nhan, hoic khong dwoc phép vé mit phap 1y, do d6 & cic quy trinh nay su chuyén
héa hoac khir doc cua cac trichothecen nhu DON hoac céc kiéu phu cta DON la
khong thé chdp nhan.

Céc trichothecen nhu DON va cac kiéu phu ctia DON duoc hép thu nhanh
chéng vao dudng tiéu hoa cia co thé ngudi hoic dong vat, d6 1a Iy do tai sao su khir

ddc nhanh va tring dich 1a quan trong.

Dehydrogenaza rugu cé trinh tu néu trong SEQ ID NO. 1 dau tién dwoc md
ta trong don yéu cAu cdp patent Nhat s6 JP-A 2003/159079 dé san xuét axit 2-
ketogulonic. Cong bd don qubc t& s6 WO 2009/133464 mo ta quy trinh oxy hoa cac
sacarit bang cach ding enzym cé trinh tu néu trong SEQ ID NO. 1 trong thuc pham
va thie n chin nudi dé oxy héa tinh bot, dic biét 1a trong cong nghiép lam banh,
dé 1am cham cac qua trinh 130 héa trong banh my. O day, dehydrogenaza rugu duge

sir dung dé oxy hoa cac nhém hydroxyl ctia cdc hydrat cacbon.

Céc dehydrogenaza rugu vai trinh tu néu trong SEQ ID NO. 2 va 3 dugc nhin
dién trong quad trinh giai trinh ty hé gen cla cac vi sinh vat Devosia sp. va dugc bao
quan truc tuyén trong may chi ctia Trung tdm Thong tin cong nghé sinh hoc qude
gia (National Center for Biotechnology Information - NCBI) dudi s6 dinh danh
GI:737041022 va GI:630002266. Sy dac trung hdéa chinh xdc hon cua cdc
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dehydrogenaza ruou v4i SEQ ID NO. 2 va 3 khong duoc néu trong qua trinh giai
trinh tu nay.

Vi tinh da dang cia tic dong gy doc cua céc trichothecen va tan xudt xut
hién ctia ching nén cin c6 cac chit hodc cac nhom chat nhu cic enzym ma co thé
dugc st dung dé chuyén hoéa dic biét 1a dé khir ddc to mot cach dac hiéu, an toan,

va chap nhan duoc dbi véi cac trichothecen.
Ban chit ki thuit clia sang ché

Sang ché hudéng dén viéc s dung dehydrogenaza rugu dic hi€u va cac bién
thé ctia chiing ma vdi chung, ¢6 thé chuyén hoa it nhat mot trichothecen biéu hién

nhém hydroxyl trén nguyén tir C-3 thanh c4c san pham it doc.

Pé giai quyét nhiém vu nay, da bt ngd chimg minh dwgc ring viéc sir dung
dehydrogenaza rugu c6 trinh ty néu trong SEQ ID NO. 1 chura cac ion kim loai va
ddng nhén t6 quinon, hodc ngoai ra, bién thé chirc ning biéu hién d6 tuong dong vé
trinh ty it nhat 12 80%, t6t hon 1a 86%, ddc biét duge uu tién it nhat la 89% va it
nhit mot ddng nhan té oxy héa khir dé chuyén héa it nhat mot trichothecen biéu
hién nhom hydroxyl trén nguyén tu C-3 giGp ching co thé chuyén hoa céc
trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3 nhu DON, doc t6 T-2,

hodc nivalenol mot cach dac hiéu va tin cay.

Su chuyén héa duoc hiéu 13 xay ra khi cAu truc cua cac doc td duoc thay dbi
trong d6 cac doc t6 nay tdt hon 1a dwgc chuyén héa thanh cac chét chuyén hoa
khong doc hoac it doc, tuc 13, duoc chuyén héa. Trong trudng hop nay cla sang
ché, su thay ddi céu trac dién ra, dic biét 13 trén nguyén tir C-3 cuia céc trichothecen
bidu hién nhém hydroxyl trén nguyén tir C-3 nhd su bién ddi c6 xuc tac nhém C-3
hydroxyl thanh nhom keto. Ngac nhién 1a, viéc sir dung dehydrogenaza rugu theo
sang ché gy ra sy chuyén héa céc trichothecen biéu hién nhém hydroxyl trén
nguyén tir C-3, dac biét 1a DON, trong cac moi treong hda hoc va sinh hoc da dang
nhét nhu trong dung dich dém, c4m chin nudi, thirc n chin nudi chira nude bot,
hodc thirc an chdn nudi chira dich da day, hoac trong cac thtic an chan nudi chira cac
thanh phin cua rudt. Diéu nay 1a bat thuong vi trong cac méi trudng twong Gmg cho
hoat tinh enzym, c4c théng sé quan trong nhu d6 pH, nong do proteaza, cudng do

ion, hodc cac nén chat 1a cuc ky khac nhau. Két qua 1a, hoat tinh cta enzym c6 thé
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duge dam bao khi bd sung nuée vao thuc phdm va thic an chin nudi, dé tiéu thu
ching qua duong miéng va ca trong miéng va dudng tiéu hoa. Ngac nhién 1, ddi
v6i cac mdi trudng nhit dinh, viée bd sung cac nhan té oxy héa khir tir bén ngoai c¢6
thé dugce bd qua; didu nay ap dung dic biét cho cac hdn hop thic 3n chin nudi,

nude bot, va dich da day.

Dehydrogenaza rugu ¢ trinh tu néu trong SEQ ID NO. 1 la dehydrogenaza
ruou phu thudc déng nhan t6 quinon. Pé tao ra holoenzym hoat tinh hodc
dehydrogenaza ruou hoat tinh, ddng nhan t& quinon, t5t hon 1 pyroloquinolin
quinon (PCC) v&i sy ¢6 mit cia ion kim loai, t6t hon 1a Ca*, c6 thé duoc lién két
véi enzym, Do d6, dehydrogenaza ruou duoc hoat hoa chira ca ddng nhan té quinon
va ion kim loai, trong d6 ty 18 mol gitta enzym va ddng nhan t6 quinon 14 1:1. Hon
nira, ddng nhan t6 oxy héa khir 1a can thiét ddi véi hoat tinh xic téc cua
dehydrogenaza ruou, trong d6 hoéc 1a né duge sur dung dudi dang nhin t6 oxy hoa
khir dugc san xuét bé‘mg cach téng hgp ngoai dehydrogenaza rugu duoc hoat hoa,
hodc 1 nhan t8 oxy hoa khir cling c6 mit trong thuc phém hodc thirc an chin nuoi
va trong san phdm bai tiét ciia dong vat hodc ngudi co thé duge sir dung. Vi dy, cac
déng nhan tb oxy hoa khur tu nhién nay cé thé duogc tao ra, va néu cin, duoc chiét tr
thuc phdm hoic thirc dn chan nudi trong qua trinh cung cép, ché bién, hoic tiéu hoa
thuc phdm hozc thirc dn chan nudi trong miéng va trong dudng tiéu hdéa cua ngudi
hodc dong vat. Vi du vé céc san phém bai tiét cua nguoi hodc dong vat ma chua
ddng nhén t6 oxy héa khir tw nhién nay 1 cac san pham bai tiét tiéu hoa nhu nudce

bot, dich da day, dich rudt, dich tuy, mat, hoac dich da co.
M ta vin tit cac hinh vé
Sang ché duoc giai thich dudi ddy dua vao cac phuong an va hinh v&. O day:

Fig.1 thé hién sy chuyén héa theo thodi gian clia deoxynivalenol dbi véi
dehydrogenaza rugu duge hoat hdéa co trinh tu néu trong SEQ ID NO. 1 ciing nhu
mau d6i chimg (CTR) dé so sanh, va

Fig.2 thé hién su chuyén hoéa theo thoi gian ctia DON d6i voi dehydrogenaza
rugu duoc hoat hda ¢ trinh tu néu trong SEQ ID NO. 1 dén SEQ ID NO. 4 ciing
nhu mau dbi chimg (CTR) dé so sanh.
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Mo ta chi tiét sang ché

Tir “bién thé polypeptit” hoac “bién thé” chi cac polypeptit chtic ning ma, so
v6i SEQ ID NO. 1, ¢6 it nhat mot su thé axit amin, trong do6 chiic nang enzym duoc
giit nguyén. Su chuyén hoéa, ddc biét 1a su oxy héa nhém hydroxyl trén nguyén tir
C-3 ctia c4c trichothecen thanh nhom keto, duoc hiéu 1 nho chite ning enzym. Hon
nita, “bién thé polypeptit” co thé con c6 cac su chén hoac x6a bd axit amin, ddc biét
la trinh tu dugc kéo dai hodc duogc cit bo vé phia dau C hoac N so véi trinh tu
polypeptit SEQ ID NO. 1. Chirc ning enzym sau d6 vé co ban la dugc git nguyén
néu co ché phan Gmg enzym duy tri khong ddi, tirc 14 trichothecen dugc oxy héa
trong cing mdt vi tri va hoat tinh enzym cua bién thé 1a it nhat 10%, t6t hon 1a it
nhét 50%, tt hon nifa 14 it nht 90%, dic biét 14 >100% so vdi polypeptit gbc ban
dau ¢6 trinh tu néu trong SEQ ID NO. 1.

Thuét ngi “d6 twong ddng vé trinh tu” chi d6 twong ddng vé trinh tu tinh theo
phin trim. D4 v&i cac trinh ty axit amin va cac trinh tu nucleotit, d6 twong dong vé
trinh tu c6 thé duoc xac dinh bﬁng mét, tuy nhién tdt hon 13 duoc tinh b:fmg chuong
trinh may tinh. Trinh tu axit amin néu trong SEQ ID NO. 1 dugc quy dinh lam trinh
tu tham chiéu. Viéc so sanh trinh tu cling dugc thuc hién trong cac doan trinh tu,
trong trudong hop ndy doan dwoc hiéu 14 phdn trinh ty lién tuc cta trinh ty tham
chiéu. Po dai cta céc doan trinh tu dbi v6i céc trinh tu peptit thuong 1a 3 dén 200,
t6t hon 12 15 dén 65, t6t nhat 1a 30 dén 50 axit amin. C6 nhiéu chwong trinh tin sinh
hoc ¢6 ban sin hodc dung khong mat tién ma c6 thé duoc sir dung dé xac dinh d6
ddng nhét va cac chuong trinh nay lién tuc duoc cai bién. Vi du vé ching la: géi
GCG Wisconsin BestFit (Devereux et al. 1984), BLAST (Altschul et al. 1990) hoéc
BLAST 2 (Tatusova and Madden 1999). Vi cac lua chon cai dat khac nhau d6i véi
céc thuat toan niy nén c6 thé c6 cac két qua khac nhau khi str dung chiing véi cac
trinh tu ddu vao nhu nhau. Do d6, thuét toan tra ctru va viéc cai dit kém theo phai
dugc quy dinh. Trong truomg hop cta sang ché, chuong trinh NCBI BLAST (Basic
Local Alignment Search Tool), dac biét la voi BLASTP dung cho céc polypeptit,
ma c¢6 san trén trang chu cta “National Center for Biotechnology Information”
(NCBI, http://www.ncbi.nlm.nih.gov/) dwoc sir dung dé tinh d twong ddng vé trinh

tu. Bﬁng cach nay cé thé so sanh hai hodc nhiéu trinh tu véi nhau theo thuat toan
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clia Altschul et al., 1997 (Nucleic Acids Res., 25:3389-3402). O day, phién ban
chuong trinh ngay 12/08/2014 dwoc sir dung. Cac théng sb cai dat co s duoc sir
dung lam thong s cai dat chuong trinh, dic biét 1a dbi véi viée so sanh axit amin:
“trinh tu dich t6i da“ = 100; “ngudng ky vong“ = 10; “cd tu* = 3; “ma trdn” =
BLOSOMG62; “tri s6 khoang ho* = “Ton tai: 11; Kéo dai: 1”; “diéu chinh tinh todn*

= “dieéu chinh ma tran di€m thanh phan c6 diéu kién®.

Béng cach str dung dehydrogenaza ruou chia cc ion kim loai va dong nhan t6
quinon theo sang ché hodc bién thé chirc ning ciia n6, c6 thé chuyén héa it nhét
20%, t6t hon 1a it nhat 50%, dac biét 1a it nhat 90% cua it nht mot trichothecen
bidu hién nhém hydroxyl trén nguyén tor C-3, dic biét 1a DON, trong d6
dehydrogenaza ruou chita cac ion kim loai va ddng nhan t6 quinon hodc bién thé
chirc nang cua n6 dugc tiép xtc dG véi it nhat mot trichothecen biéu hién nhom
hydroxyl trén nguyén tir C-3 trong it nhit mot phut, tbt hon 1a it nhat 5 phut, dac
biét 1 {t nhét 60 phut.

Theo phuong 4n khac ctia sang ché, trinh ty axit amin cta bién thé chuc ning
duoc chon tir nhém bao gdm cac trinh tu néu trong SEQ ID NO. 2 d¢én SEQ ID NO.
4 duoc st dung. Vi cac bién thé chirc ndng ndy ma c6 do twong dong vé trinh tu it
nhat 1a 86% db6i véi dehydrogenaza rugu cé trinh tu néu trong SEQ ID NO. 1, ¢6
thé chuyén héa céc trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3, ddc

biét 1a DON, v6i két qua tot mot cach thich hop.

Theo phuwong 4n khéc ctia sang ché, dong nhan t6 quinon dwgc chon tir nhém
PCC, TTC, TPC, LTC, va CTC, tét hon 12 PCC, dugc sir dung. Bing cach sir dung
mdt trong cic ddng nhén t6 quinon: pyroloquinolin quinon (PCC, CAS s6 72909-
34-3), tryptophan tryptophylquinon (TTQ, CAS s6 134645-25-3), topaquinon (TPC,
CAS s6 64192-68-3), lysin tyrosylquinon (LTQ, CAS s6 178989-72-5) hoic xystein
tryptophylquinon (CTC, CAS s6 400616-72-0) trong cac dehydrogenaza rugu, c6
thé chuyén héa cac trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3, nhu

DON, thanh céc dan xut ma hodc 1a khong déc hodc 14 v6 hai vé mat doc t6 hoc.

Su gan két dic biét nhanh va hoan toan cta dong nhan to quinon véi

dehydrogenaza rugu dat dugc bing cach dugc gin két boi it nhit mot trong sb cac
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ion kim loai dugc chon tir nhém bao gom Li*, Na*, K, Mg?*, Ca?*', Zn**, Zn*",

Mn?*, Mn?**, Fe?*, Fe¥*, Cu?*, Cu**, Co?* va Co?, tot hon 1a Ca®" va Mg?".

Ciing bang cach sir dung it nhdt mot ddng nhén t§ oxy hoéa khir dugc chon tir
nhém phenazin methosulphat (PMS), cac dan xuét PMS, kali hexaxyanoferat (II1),
natri hexaxyanoferat (III), cytochrom C, coenzym QI, coenzym Q10, xanh metylen
va N, N,N’ N’-tetrametyl-p-phenylendiamin (TMPD), t6t hon 1a phenazin
methosulphat (PMS, CAS sb 299-11-6), coenzym Q1 va coenzym Q10, su chuyén
hoa nhanh va hoan toan céc trichothecen 13 kha di doc nhit véi su c6 mit cua 4m,
nhd d6 dam bao ring cac trichothecen ¢6 trong cac thanh phan thirc dn chin nudi da
duoc chuyén héa thanh cac dan xuit khong doc, vi du, trong qué trinh san xuét thire
an chin nudi va trong truong hop bat ky trude khi duoce stir dung cho dong vat. Vi
du vé& cac din xudt PMS 1a:  I-hydroxyphenazin, axit 2-
(pentaprenyloxy)dihydrophenazin, axit 5,10-dihydro-9-dimetylalylphenazin-1-
carboxylic, axit 5,10-dihydrophenazin-1-carboxylic, S-metylphenazini metyl sulfat,
axit 6-axetophenazin-1-carboxylic, benthophoenin, clofazimin,
dihydrometanophenazin, axit esmeraldic, esmeraldin B, izumiphenazin A — C,
cation Janus Green B, methanophenazin pelagiomicin A, phenazin, axit phenazin-
1,6-dicarboxylic phenazin-1-carboxamit, axit phenazin-1-carboxylic, phenosafranin,
pyocyanin, saphenamycin, hodc este metyl ctia axit saphenic. Vi su chuyén hoa cta
céc trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3 trong thuc pham va
thirc an chan nudi, dic biét 1a thuc an cho lon, gia cam, gia suc, ngua, c4, thic an
cho nudi trong thuy san, va cac déng vat nudi va trong céc nguyén liéu thé trén co
s¢ thuc vat dugc st dung dé san xuét hodc ché bién thuc phém va thac an chan
nudi, ¢ thé ngan chan su ¢6 hai dbi véi stc khoe cia dong vat va ngudi biang cch

str dung theo sang ché.

Hon nifa, sing ché con hudng dén viéc dé xuit quy trinh qua d6 c6 thé chuyén
hoa cac trichothecen, dic biét la cac trichothecen biéu hién nhém hydroxyl trén
nguyén tir C-3, mdt cach an toan va tin cdy thanh cac san phém it doc, bat ké lidu
rang céc san phdm ndng nghiép ma céc trichothecen nay c6 mit trong d6 da duoc

ché bién hay chura.
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Dé giai quyét nhiém vu ndy, quy trinh theo sang ché dé chuyén hoa
trichothecen nhd enzym vé co ban dwoc dic trung biang viée it nhdt mot
trichothecen biéu hién nhém hydroxyl trén nguyén tor C-3 dwoc cho tiép xtc véi
dehydrogenaza rugu c6 trinh tu néu trong SEQ ID NO. 1 chtra cac ion kim loai va
ddng nhan & quinon, hodc vdi bién thé chirc ning biéu hién d6 twong ddng v& trinh
tu it nhat 1a 80%, tot hon 1a it nhat 86%, ddc biét tot hon 1a it nhit 89%, véi it nhat
mot dong nhén t6 oxy hoa khir va nude, va néu can it nhat mot chat phu tro. Bang
cach cho trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3 tiép xuc véi
dehydrogenaza rugu c6 trinh tu néu trong SEQ ID NO. 1 chtra cac ion kim loai va
ddng nhan té quinon, va ngoai ra, it nhat mot ddng nhan t§ oxy hoa khir va nude, ¢b
thé oxy héa nhém hydroxyl cé mat trén nguyén tir C-3 cuia céc trichothecen thanh
keton, trong trudng hop nay trichothecen nhu vy duoc khir doc va dwoge chuyén

hoéa thanh hop chit khong ddc hodc co doc tinh thap.

Béng céch tiép tuc sir dung bién thé chic ning cta trinh tu axit amin duoc
chon tr nhém bao gém SEQ ID NO. 2 dén SEQ ID NO. 4 thay cho trinh tu axit
amin néu trong SEQ ID NO. 1, cac uu diém tuong tu nhu dat dugc b?mg cach su
dung dehydrogenaza rugu c6 trinh tu néu trong SEQ ID NO. 1 ¢o thé dat duoc, va
su chuyén héa cac trichothecen c6 trong thuc phém va thie an chan nudi c6 thé dat
duoc mot cach dic biét nhanh va tin cdy, bt ké tinh trang ché bién ctia ching, tic

13, bat ké liéu ching 1a c4c san phim nong nghiép di dugc ché bién hay khong phai.

Su chuyén héa dac biét nhanh va hoan toan cua trichothecen biéu hién nhém
hydroxyl trén nguyén tir C-3 dat dugc vdi quy trinh theo sdng ché & nhiét d6 nim
trong khoang tir 5°C dén 55°C, t6t hon 1a nam trong khoang tir 10°C dén 50°C, dic
biét t5t hon 1a ndm trong khoang tir 28°C dén 45°C. Vi quy trinh theo sing ché c6
thé duoc thuc hién trong khoang nhiét do rong nhu vy nén dehydrogenaza ruou cé
trinh tw néu trong SEQ ID NO. 1 hodc céc bién thé chiic ning clia né ma biéu hién
trinh tu {t nhit 80% twong ddng véi SEQ ID NO. 1 ¢6 thé duge st dung trong céc
g dung da dang nhét nhu linh vuc nudi trong thiy san hodc ca trong céc quy trinh
cong nghé & nhiét d6 cao. Vi du vé cac quy trinh cong nghé trong d6 su chuyén hoa
céc trichothecen & nhiét do cao 1a quan trong nhw vay Ia quy trinh dé ché bién thirc

an chan nudi, san xuat my 6ng va cac san pham ngd khac nhu chéo ngo, bong ngo,
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cdm ngd, banh my tring (cornbread) hodc banh ngd (tortillas), cling nhu cac quy
trinh héa long tinh bot, cac quy trinh duong hda, hoac cac quy trinh 1én men nhu
quy trinh ndu hodc quy trinh 16n men, dic biét trong san xuét etanol sinh hoc. O
day, quan trong 1a dam bao rang thuc pham hodc thiic 4n chin nudi duoc san xuét
bang cac quy trinh nay khong chita lugng cé hai bit ky cua céc trichothecen biéu

hién nhom hydroxyl trén nguyén tor C-3.

Theo phwong 4n khac ctia quy trinh theo sang ché, quy trinh nay duoc thuce
hién theo cach sao cho it nhat mot trichothecen biéu hién nhém hydroxyl trén
nguyén tir C-3 duoc cho tiép xtic véi dehydrogenaza rugu chira cac ion kim loai va
ddng nhan t& quinon, hodc it nhat mot bién thé chirc ning cia né, vdi nhan t oxy
héa khtr, v6i nude, va néu cin, véi chit phu tro, trong it nhét 1a mot phut, t5t hon 1a
it nhat 5 phat, dic biét tbt hon 1a trong it nhit 60 phut. Vi thoi gian tiép xtc tir 1
phit va trén 60 phat 1a du dé& dat dugc su chuyén héa thich hop céc trichothecen
thanh cdc din xuat khong ddc hodc doc tinh thdp, quy trinh theo sdng ché c6 thé
duoc sir dung trong quy trinh dé xir Iy cic nguyén liéu nong nghiép co ban, vi du,
dung cho thyc phém hodac thirc an chan nudi. Mat khac, chu trai cling c6 thé thuc
hién quy trinh nay ngay truée khi cho in, vi du, bing cch bd sung nuéc vao thirc
an chian nudi va dé yén tir 1 phut cho dén khoang 1 gid' & nhiét 6 tir 5°C dén 55°C,

viéc nay s€ bat ddu su chuyén hda cac trichothecen thanh céc san pham khong doc.

Su chuyén héa dic biét nhanh va hoan toan 13 kha di néu ddng nhan t6 quinon
duogc chon tr nhom PCC, TTC, PTC, LTC va CTC, tét hon 1a PCC, vi n6 twong
ung véi phuong én khéc cua quy trinh theo sang ché. Pdng nhan t6 quinon nay cho
phép cac dehydrogenaza rugu tin cong nhém hydroxyl trén nguyén tir C-3 clia céc
trichothecen mdt cach nhanh chéng va tin cdy va chuyén héa né thanh nhém keto
chtra dén xudt khong doc.

Su hoan thanh hon nita cia phan Gng va cu thé 13 sy ting toc phan Gng 1a kha
di néu ddng nhan td trong quy trinh theo sang ché dugc gin két véi dehydrogenaza
ruou bing bién phép dung it nhit mot ion kim loai dwgc chon tir nhém bao gdm Li",
Na*, K¥, Mg?*, Ca?*, Zn**, Zn*", Mn?*, Mn’*, Fe?*, Fe’*, Cu?*, Cu**, Co?* va Co’*",

t6t hon 1a Ca?* va Mg?*. Thuc hién quy trinh theo cach nay khong chi tao ra su gén
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két manh gitta ddng nhén t§ quinon véi dehydrogenaza ruou, ma con cho phép su

chuyén héa nhanh va d4ng tin cdy céc trichothecen.

Dé cai thién thém nita su chuyén héa cac trichothecen, dic biét 1a dé hoan
thanh phan tng chuyén héa, quy trinh theo sang ché duogc tiép tuc sao cho nhén té
oxy héa khir dugc chon tir nhém PMS, cac dan xuét ctia PMS, kali hexaxyanoferat
(ITI), natri hexaxyanoferat (III), cytochrom C, coenzym QI1, coenzym Q10, xanh
metylen, va TMPD, t6t hon 1a PMS, coenzym Q1 va coenzym Q10, dwgc str dung.
Béng cach bd sung dong nhan t6 oxy héa khir nay, ¢ thé thuc hién sy chuyén héa
cac trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3 trong mbi trudng
nudce, vi du, nhu trong thic an chan nudi nhao hodc thtrc an chan nuéi ma duogc
dimg cho ddng vat trong linh vuc nudi trdng thiy san, ma khong c6 nhan t6 oxy héa
khtr ma phai dugc bd sung hodc phai dugc c6 mat, nhan tb nay co thé thu duoc, vi
du, tr nuée bot, dich da day hoac dich rudt, hodc cho dong vat phai da tiéu hoa thie
an chan nudi nhdo hodc thirc an chin nudi, trong trudng hop nay, su tai hip thu cac

trichothecen cuia dong vét tiéu hoa thiic an chan nudi cé thé dugc ngén chan.

Cudi cung, sang ché hudéng dén viéc tao ra chit phu gia chuyén hoéa
trichothecen ma vé6i nd c¢6 thé chuyén hoa céc trichothecen trong thuc pham hoic

thirc dn chan nudi mot cach an toan va tin cdy thanh cac dan xuat khong doc.

Dé giai quyét nhiém vu nay, chét phu gia theo sang ché vé co ban 13 duoc dic
trung & chd no chita dehydrogenaza rugu c6 trinh tu néu trong SEQ ID NO. 1 chira
céc ion kim loai va ddng nhan t& quinon, hodc bién thé chiic ning con biéu hién do
twong ddng vé trinh tu it nhit 80%, tdt hon 1a it nhat 86%, ddc biét tdt hon 14 it nhat
89%, va néu can, con chira it nhdt mot thanh phﬁn bd sung duoc chon t nhém bao
gdm ddng nhén t§ oxy hoa khir téng hop va it nhat mot chit phu trg. Cac chét phu
gia nay c¢6 thé duoc tron véi cac thirc dn chin nudi thong thudng véi ndng do thap,
vi du, khoang 10g dén lkg trén mét tin thiic in, va véi ndng do thap nhu vy, cho
phép céc trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3 dugc chuyén
hoa thanh cac dan xudt khong doc nhd d6 ca sic khoe va kha ning thyc hién cla
cac con vat ma duoc an thirc an nay, vi du, s€ cai thién va do do, khong chi ty 1€ hu
hong thirc dn chin nudi s& ¢6 thé duoc giam di ma kha ning sir dung thic dn nay

cling s€ dugc cai thién.
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Céc két qua t6t mot cach thich hop ¢6 thé dat duoc bang chét phu gia theo
sang ché ma, thay vi chtra dehydrogenaza ruou c6 trinh tu néu trong SEQ ID NO. 1,
chét phu gia nay chira bién thé chirc nang cua no, ¢6 trinh tu dugc chon tir nhdm

bao gdm SEQ ID NO. 2 d&n SEQ ID NO. 4.

Pé chuyén héa vé co ban 1a hoan toan nhém hydroxyl c6 mat trén nguyén tir
C-3 clia céc trichothecen bang chit phu gia theo sang ché, phuong 4n thém nira 1a
chira déng nhan t6 quinon dugc chon tr nhom PCC, TTC, TPC, LTC, va CTC,
cling nhu ion kim loai dwgc chon tir nhdm bao gdm Li*, Na*, K*, Mg?*, Ca*, ZnZ*,
Zn**, Mn?*, Mn**, Fe**, Fe**, Cu?**, Cu’*, Co*" va Co’*. Véi phuong 4n thém nay,
mdt mit c6 thé gin két ddng nhan t6 quinon mét cach an toan va dang tin cdy vdi
dehydrogenaza rugu, va mat khac, véi dehydrogenaza rugu ma chira cac thanh phén
bd sung nay, co thé dat dwoc su chuyén héa hoan toan cac trichothecen nhu

deoxynivalenol ma biéu hién nhém hydroxyl trén nguyén tir C-3 ctia phén tir.

Dé phan tmg nay ciing dwgc thuc hién ma khong cé mit clia cac ddng nhan
td oxy héa khtr nhu cac chét c6 tu nhién trong nudc bot, dich da day, hodc dich rudt
hoac tuong tu, chét phu gia theo sang ché con duoc biéu hién sao cho ngoai ra, daé
lam ddng nhén t& oxy héa khir thém nita, ddng nhan t6 oxy héa khir tong hop duoc
chon bd sung tir nhom PMS, cac din xudt PMS, kali hexaxyanoferat (III), natri
hexaxyanoferat (III), cytochrom C, coenzym Q1, coenzym Q10, xanh metylen, va

TMPD, tét hon 1a PMS, coenzym Q1 va coenzym Q10.

Theo phwong 4n khac cua sang ché, chit phu gia dugc phat trién sao cho chét
phu trg duoc chon tur nhom bao gém cac chat mang tro, cdc vitamin, cac chét
khoang, cac chit phat sinh thuc vat, cdc enzym va cac thanh phan bd sung dé khir
doc cac doc t nAm nhu céc enzym phéan hiy doc t6 nam, dac biét 1a cac aflatoxin-
oxidaza, ergotamin hydrolaza, ergotamin amidaza, zearalenon esteraza, zearalenon
lactonaza, zearalenon hydrolaza, ochratoxin amidaza, fumonisin aminotransferaza,
fumonisin carboxyltransferaza, amino polyol amin oxidaza, deoxynivalenol epoxit
hydrolaza, deoxynivalenol dehydrogenaza, deoxynivalenol oxidaza, trichothecen
dehydrogenaza, trichothecen oxidaza; va cac vi sinh vat chuyén héa doc td ndm nhu
DSM 11798, va céc chat gén két v6i doc td nAm nhu cac thanh t& bao vi sinh vat

hodc céc vat liéu v6 co nhu bentonit hodc smectit. Vi du, viéc st dung chét phu gia
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ndy c6 thé dam bao rang lugng bat ky cia céc trichothecen bidu hién nhém
hydroxyl trén nguyén tir C-3 ma c¢6 thé ¢6 trong thuc phdm hodc thirc dn chin nudi
cling nhu céc doc té ndm bt ky khac nhu déc t6 Fusarium, ergotamin, ochratoxin,
dugc khir ddc v6i su chic chin dén mac d6 ma khéng co tac hai cua doc t6 nAm ddi

v6i co the cua doi tugng tiéu hoa thuc pham hodc thic an chan nudi nay.

Céc tmg dung khac cua sang ché 1a cac chit phu gia ma, ngoai it nhat mot
dehydrogenaza ruqu theo sang ché, con chua it nhit mot enzym ma, vi dy, tham gia
vao su phan giai cic protein, vi du, cic proteaza, hodc c¢d lién quan trong qud trinh
chuyén hoéa tinh bot hodc chit xo hodc chit béo hodc glycogen, nhu amylaza,
xenluloza hodc glucanaza, va vi du, cac hydrolaza, cac enzym phan giai lipit, cac

manosidaza, oxidaza, oxidoreductaza, phytaza hoac xylanaza.

Tét nhién 1a chét phu gia nay c6 thé duoc thé hién & dang dugc bao hodc dugc
pht, trong trudng hop nay, cac phuong phap chuan nhu cac phuong phép duge mo
ta trong WO 92/12645 cé thé duoc str dung. Béng viéc bao hoac phu, co thé van
chuyén chét phu gia dén vi trf noi n6 s& duoc st dung ma khdng c6 su bién dbi, dac
biét 1a khong c6 su thoai bién hodc hu hong bat ky, nho d6 polypeptit bt dau co tac
dung chi sau khi vo dugc hoa tan, vi du nhu trong dudng tiéu héa cua dong vat, diéu
nay co thé dat dugc su phan giai thAm chi tring dich hon, nhanh hon va hoan toan
hon d6i véi cac trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3, ngay cé
trong moi trudng axit, giau proteaza, va ky khi. Hon nita, bing cach bao hoic phu,
cling c6 thé gia ting dd 6n dinh nhiét d ctia cac dehydrogenaza rugu trong chat phu
gia, trong truong hop nay, viée sir dung nd, vi dy, trong quy trinh tao vién d6i vai

thirc an chan nu6i duogc cai thién.

Chét phu gia theo sang ché ¢6 thé duoc sir dung trong rt nhiéu tng dung, nhu
trong san xudt hop chit, dé phong ngira va/hoic didu tri chimg ngd doc nam
trichothecen, tét hon 1a cac chimg ngd doc nam do cac trichothecen ma biéu hién
nhém hydroxyl trén nguyén ti C-3, dac biét nhu cac chung ngd doc nam
deoxynivalenol. Céc chimg ngd doc ndm nay c6 héu qua nghiém trong déi véi
ngudi va dong vat. Bang cach si dung chét phu gia nhu viy, trong trudng hop
phong ngira, ¢6 thé duy tri trang thai stc khoe clia ngudi va dong vat vé co ban &

muc giong nhu khong hodc ti€u thu cac doc td nay qua duwdng miéng ¢ mirc giam,
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méc du viéc tiéu thu qua dudng miéng cac trichothecen, déc biét 1a cac trichothecen
biéu hién nhém hydroxyl trén nguyén tar C-3, dic biét 13 deoxynivalenol. Trong
trudng hop diéu tri cac chimg ngd doc ndm, cé thé giam nhe cac tridu chimg cua
bénh nay, va cu thé 1a binh thuong héa ndng d6 SOCS3 trong gan hodc mirc
IGFALS trong huyét twong ciing nhu ndng d6 claudin trong rudt.

Hon nfra, bang viéc sir dung nhu vay c6 thé cai thién nang suat vat nudi, dac

biét 1a su tdn dung thurc an va su tdng trong, va lam giam ty 1€ tr vong.
Vi du thwe hién sing ché
Vi du 1: Tach dong cac gen va tinh ché dehydrogenaza ruou

Céc trinh tu nucleotit duoc tdi wu héa codon ctia dehydrogenaza ruou cé trinh
tu néu trong SEQ ID NO. 1 dén SEQ ID NO. 4 dbi véi té bao chi twong tmg duoc
14y tir DNA2.0 va chira céc vi tri giéi han & muc axit nucleic trén dau 5° va dau 3’
cua trinh tu, va ngoai ra, & mic axit amin, duoi 6xHis dau C hoac N. Céc trinh tu
nucleotit nay duoc hoa nhap bang cach ding cac phuong phép chuin vao trong céc
vecto biéu hién dé biéu hién trong Escherichia coli hoic Komagataella pastoris, va
duoc bién nap vao E. coli hoac K. pastoris, va dugc biéu hién trong E. coli hodc K.
pastoris (JJM. Cregg, Pichia Protocols, second Edition, ISBN-10: 1588294293,
2007; J. Sambrook et al. 2012, Molecular Cloning, A Laboratory Manual 4th
Edition, Cold Spring Harbor).

Cac dehydrogenaza rugu véi trinh tu néu trong SEQ ID NO. 1 dén SEQ ID
NO. 4 dugc cing ¢b mot cach chon loc bang cach sic ky tir cac dich dung giai té
bao trong truong hop biu hién & E. coli v tir su biéu hién gian bao & K. pastoris
hodc tir dich ndi mdi trudng nudi cy trong trudng hop biéu hién ngoai bao & K.
pastoris bang cach ding cac phwong phép chuan théng qua cac cot niken sepharose.
Cac phén rua giai dugc cung ¢b mot cach chon loc duoc G va duge hoat héa véi su
c6 mit ciia céc ion kim loai va cic ddng nhdn td quinon, trong trudng hop nay
"dugc hoat hda" nghia la cac dehydrogenaza rugu biéu hién ca ion kim loai va déng
nhan t§ quinon nhu duge gin két. Cac dehydrogenaza ruou duge hoat hoa nay dugc
sir dung dé xac dinh céc tinh chét enzym ctia cac dehydrogenaza rugu véi céc trinh
tu néu trong SEQ ID NO. 1 dén SEQ ID NO. 4 trong cac vi du 3 dén 7 dudi day.

Téng ndng dd protein duwoc xéc dinh bang cich do quang véi thude thir Bradford
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(Sigma # B6916), trong trudng hop nay cac muc hip thu duoc do trong may do
quang vi dia (may doc dia, Biotek, Synergy HT) & budc song 595 nm. Nong do
protein dugc xac dinh dua trén duong cong chudn dinh ¢& ma di duogc xac dinh
bing cach sir dung thir nghiém Bradford bing cach do cac dung dich albumin huyét

thanh bo (BSA, Sigma #A4919) v6i ndng d6 1én t6i ti da 1500 pg/ml.
Vidu 2: Xac dinh 46 tuong déng vé trinh tu

Phén trdm twong ddng vé& trinh tu trén toan bd chiéu dai cta trinh tu axit amin
cua cac dehydrogenaza rugu véi cac trinh ty néu trong SEQ ID NO. 1 dén SEQ ID
NO. 4 so sanh véi nhau duoc xac dinh bang cach ding chuong trinh BLAST (Basic
Local Alignment Search Tool), ddc biét 1a BLASTP, ma c6 san dé sir dung trén
trang chi cta Trung tdm Thong tin cdng nghé sinh hoc qubc gia (NCBI;
http://www.ncbi.nlm.nih.gov/), v6i chuwong trinh ndy, cé thé so sanh hai hozc nhiéu
trinh tu v&i nhau theo thuét todn cua Altschul et al., 1997 (Nucleic Acids Res.
(1997) 25:3389-3402). Céc thong sb cai dit co sé duoc sir dung 1am cac thong sb
cai dat chuong trinh, ddc biét la: “trinh tu dich t1 da* = 100; “ngudng ky vong* =
10; “c& ti“ = 3; “ma trAn” = BLOSOMS62; “tri s6 khoang ho* = “Tdn tai: 11; Kéo
dai: 17; “didu chinh tinh toan“ = “diéu chinh ma tran diém thanh phan c6 diéu
kién“. Phén tram tuong déng cla cac trinh tu axit amin d8i véi nhau duoc thé hién

trén bang 1:

Bang 1:
SEQ ID SEQID | SEQID | SEQID
NO. 1 NO. 2 NO. 3 NO. 4
SEQ ID NO. 1 100% 87% 89% 86%
SEQ ID NO. 2 87% 100% 99% 90%
SEQ ID NO. 3 89% 99% 100% 91%
SEQ ID NO. 4 86% 90% 91% 100%

Vi du 3: Su chuyén héa trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3

Dé x4c dinh tinh thich hop cua ching dé chuyén héa ca trichothecen ma biéu
hién nhom hydroxyl trén nguyén tir C-3, dac biét 1a DON, nivalenol va doc td T-2,
cac dehydrogenaza rugu véi céc trinh tu néu trong SEQ ID NO. 1 dén SEQ ID NO.

4 duoc tao ra véi dudi 6xHis dau C trong E. coli, nhu dugc mo ta trong vi du 1.
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Sau do su chuyén héa dugc bidu hién khi lugng trichothecen biéu hién nhém
hydroxyl trén nguyén tir C-3 dwoc giam xudng bing cach cho né tiép xic véi
dehydrogenaza ruou dugc hoat hda, tic 1a, dehydrogenaza ruou ma chia céc ion

kim loai va dong nhan to quinon.

Trong mdi trudng hop, 100 ml médi trudng nudi cdy E. coli véi mat d6 quang
(OD600 nm) tu 2,0 dén 2,5 dugc thu hoach béng cach ly tdm & 4°C va dugc tai tao
huyén phil trong 20ml dung dich dém kali phosphat. Cac huyén phu té bao dugc
dung giai bang céc xir Iy nén French 3 lan & 4p suét 20.000 psi. Cac dich dung giai
té bao dwoc phan tach thanh céc phan hoa tan va khong hoa tan biang cach ly tam.
Dich ndi duoc loc v6 tring va dehydrogenaza rugu duge cing ¢d bang cach ding
cac phuong phap chudn thong qua cot niken sepharose. Sau quy trinh nay, su trao
dbi dung dich dém dugc thuc hién béng cach tham tach véi cac 6ng dac hiéu véi
ngudng mudi kilodalton. Téng ndng dd protein thu dwgc duge do bang thir nghiém

Bradford.

Céc ddng nhan té quinon va céc ion kim loai duoc lién két v6i dehydrogenaza
ruou bang cach u trong dung dich nuée. O ddy, dong nhan t5 quinon, nhu
pyroloquinolin quinon (PCC, CAS s6 72909-34-3), tryptophan tryptophylquinon
(TTC, CAS sb 134645-25-3), topaquinon (TPC, CAS s 64192-68-3), lysin
tyrosylquinon (LTC, CAS sb 178989-72-5) va xystein tryptophylquinon (CTC,
CAS sb 400616-72-0), duoc bd sung vao téng nong do protein dang c6 dudi dang
dung dich nudc véi lugng du mol gip khoang hai muoi lan. Céc ion kim loai dugc
chon tir Li*, Na*, K*, Mg?*, Ca®", Zn*, Zn*", Mn?*", Mn*', Fe?', Fe*", Cu?*, Cu’*",
Co®" va Co* duogc sir dung dudi dang dung dich nude hodc mudi cta ching. Trur
khi duwoc néu 1d theo cach khéc, cac dehydrogenaza rugu thuong duoc s dung voi
PCC (Sigma Aldrich #D7783) va Ca?", dugc hoat hoa dudi dang dung dich CaCl,
S mM. Céac enzym dugc tinh ché va duoc hoat hoa theo cach nay duoc sir dung cho
c4c thir nghiém chuyén héa in vitro trichothecen biéu hién nhém hydroxyl trén
nguyén tor C-3. Trlr khi dugc néu rd theo cach khac, cac thuat nglt “enzym" hoéc
“dehydrogenaza rugu” luén duogc hiéu 1a dé cap dén cac dehydrogenaza ruou duogc

hoat héa mot cach thich hop chira cc ion kim loai va ddng nhan t§ quinon.
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Céc tht nghiém chuyén héa dugc thuc hién trong dung dich nudc véi cac
thanh phén sau: 100 mM Tris-HCI d6 pH br?mg 7,5 hoac 10% Teorell Stenhagen 4o
pH bang 7,5; ddng nhén té oxy hoéa khir téng hop dugc chon tir nhém bao gdm 1
mM phenazin methosulphat PMS (Sigma Aldrich #P9625), 1 mM xanh metylen
(Sigma #M9140), 1 mM coenzym Q10 (Sigma #C9538), 1 mM coenzym Q1
(Sigma #C9538) va 20 mM natri hexaxyanoferat (III) PFC (III) (Fluka #60300); 10
ppm dén téi da 100 ppm trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3
bing cach bd sung lvgng mong mudn ctia dung dich gbe co chat doc t6; va 10 nM
dén 100 nM, tdi da 300 nM cua cac dehydrogenaza ruou dugc hoat héa c6 trinh tu
néu trong SEQ ID NO. 1, 2, 3 hodc 4 chtra cac ion kim loai va ddng nhan té quinon.
Trir khi dugce néu rd theo cach khac, dung dich dém Tris-HCI, déng nhan tb oxy hoa
khir PMS, DON va dehydrogenaza ruou cé trinh tu néu trong SEQ ID NO. 1
thuong duoc st dung. M3i thir nghiém chuyén héa dugc thuc hién trong binh phan
tmg Eppendorf mau nau dung tich 1,5 ml. Cac hdn hop phan tmg duge 0 & 30°C
trong may diéu nhiét trong thoi gian 1én dén 120 phit, it nhat 1a 40 phut. Sau 0, 10,
20, 30, va 40 phit, mau 0,1ml duoc ldy trong mdi trudng hop va dugc tron véi
0,1ml metanol va duoc bao quan & -20°C, hoac cach khac 1a duoc phéan tich ngay

bang phuong phap LC-MS/MS hodc HPLC.

Dung dich DON 2000 ppm chira nuédc, duge loc vo trung dugce sir dung lam
dung dich gbc co chit DON. Dé san xuit dung dich ndy, DON duéi dang tinh thé
(Biopure Standard tir Romer Labs, art. no. 001050, do tinh khiét it nhat 1a 98%)

duogc xac dinh trong luong va dugc hoa tan.

Pé dinh luong céc trichothecen biéu hién nhém hydroxyl trén nguyén tur C-3
va cac chit chuyén héa clia chung, viéc phan tich béng HPLC duoc thuc hién, trong
do6 cac chat duoc tach bang phuong phép sic ky bang cach ding cdt Phenomenex
C18 Gemini NX véi kich thude 150 mm x 4,6 mm va c& hat 14 5 um. Hon hop
metanol/nuée voi ndng d6 amoni axetat 1a SmM dugc st dung lam chét rira giai.
Tin hiéu UV duogc ghi lai va danh gid & 220nm. Déi véi viée dinh luong bang céch
phan tich LC-MS/MS, céc chit duoc tich bang cich sic ky bang cach dung cot
Zorbax eclipse C8 véi kich thude 150 mm x 4,6 mm va c& hat [a 5 pm. Hén hop

metanol/nudc véi nong do amoni axetat 1a SmM duge su dung lam chat rira gidi.
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Tin hiéu UV & 220 nm duogc ghi lai. Ion hoa phun dién tir (ESI) dugc st dung lam
nguén ion héa. Céc trichothecen biéu hién nhém hydroxyl trén nguyén tu C-3 dugce
dinh lwong bang phwong phap QTrap/LC/MS/MS (hé sinh hoc tng dung, ba ti cuc)

theo “phuong thirc ting cudng”.

D6 dbc xudng ctia cac dudng chuyén héa (= su giam ndng do doc té theo thoi
gian) trong khoang tuyén tinh duoc sir dung lam tiéu chuan cho hoat tinh ctia cac
dehydrogenaza ruqu. Dé xac dinh hoat tinh con lai, cac hoat tinh duoc do véi céc
‘théng sb khac nhau so véi hoat tinh co sd, duoc do trong cac diéu kién chuén, dic
biét [a ¢ 30°C va do pH béng 7,5, dugc ap dung va thuong duoc biéu hién dudi
dang phén trim. Fig.1 thé hién su chuyén hoéa theo thoi gian ciia DON déi véi
dehydrogenaza rugu dugc hoat hda co trinh tu néu trong SEQ ID NO. 1 va Fig.2 thé
hién cac dehydrogenaza rugu dugce hoat hda cé cac trinh tu néu trong SEQ ID NO.
2 dén SEQ ID NO. 4 (Fig.1B). Tir cac minh hoa nay, thiy r3 rang 12 su chuyén hoa
DON dién ra vi ndng ¢6 DON giam xudng theo thoi gian.

Fig.1 thé hién su chuyén héa DON véi dehydrogenaza rugu cé trinh tu néu
trong SEQ ID NO. 1 trong 100 mM Tris HCI d¢ pH bang 7,5 v6i su ¢ mit ctia 50
ppm DON va 1 mM PMS. Céc két qua do thu duogc bang cach phan tich LC-
MS/MS (A) va su chuyén héa DON bang cac dehydrogenaza ruqu ¢é céc trinh tu
néu trong SEQ ID NO. 1 dén SEQ ID NO. 4 dwoc thé hién trén Fig.2. Cac két qua
do thu duoc bing cich phan tich HPLC (B). CTR dugc st dung trong céc thir
nghiém lam mAu ddi chimg 4m ma cha tit ca cic thanh phan ctia thir nghiém
chuyén hoéa ngoai trir cac dehydrogenaza rugu c6 céc trinh tu néu trong SEQ ID

NO. 1 dn SEQ ID NO. 4.

Pé so sanh hiéu qua cta cic ddng nhan t6 quinon, trong céc thir nghiém
chuyén héa, 10nM dehydrogenaza rugu c6 trinh tu néu trong SEQ ID NO. 1 duoc
hoat héa vdi cac déng nhan t6 quinon PCC, TTC, TPC, LTC, va CTC, 10 ppm
DON, va 1 mM nhén té oxy héa khir tdng hgp PMS duge tron trong 100 mM Tris-
HCI d6 pH bang 7,5 va duoc u & 30°C. Cac ndng d6 DON dugc xéc dinh bang
phuong phap LC-MS/MS sau 30 phut. Cac két qua dugc thé hién trén bang 2.

Dé so sanh hiéu qua cua cac dong nhan to oxy hda khtr, trong cac thir nghiém

chuyén hoéa, 10 nM enzym duoc hoat héa (dehydrogenaza rwgu cé trinh tu néu
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trong SEQ ID NO. 1), 10 ppm DON, va 1 mM hodc 20 mM ddng nhan t6 oxy héa
khir tong hop ma can dugc thir nghiém 1an lwot dwoc tron trong 100 mM Tris-HCl
d6 pH bang 7,5 va duge 0 & 30°C. Cac ndng dd6 DON dwoc xé4c dinh bing phuong
phap LC-MS/MS sau 30 phut. Két qua dugc thé hién trong bang 2.

Bang 2:
D?)ng nhan | DON [ppm] | Ddng nhén tb oxy DON [ppm]
t0 quinon héa khir
PCC 1,94 1 mM PMS 1,95
TTQ 2,32 20 mM PFC (1II) 2,11
TPQ 2,41 1 mM coenzym Q1 8,58
LTQ 2,04 1 mM xanh metylen 6,88

Pé thir nghiém anh hudng cua cac ion kim loai trong enzym dugc hoat hoa ddi
v6i su chuyén hoa, dehydrogenaza rugu cé trinh tw néu trong SEQ ID NO. 1 va
PCC duogc hoat hoa, nhung véi cace ion kim loai khac nhau trong moi trudng hop, cu
thé 1a, Mg?*, Ca®*, Zn>*, Mn?*, Fe?* va Cu®". Céc thir nghiém chuyén héa lan luot
chira 10 nM dehydrogenaza rugu dugc hoat héa, 10 ppm DON, va 1 mM PMS
trong 100 mM Tris-HC1 36 pH béng 7,5, va duoc 0 0 30°C. Cac néng do DON
duogc xac dinh bing phuong phap LC-MS/MS sau 30 phiit. Két qua duoc thé hién

trong bang 3.
Bang 3:
[on kim loai DON [ppm] Ion kim loai DON [ppm]
Mg?* 1,90 Mn?* 2,57
Ca?* 1,98 Fe?* 2,17
Zn** 2,46 Cu* 2,61

Tuong tu nhu cac thir nghiém chuyén héa DON néu trén, cac thir nghiém
chuyén hoa ciing duge thuc hién véi cac trichothecen biéu hién nhém hydroxyl trén
nguyén tir C-3 khac. Trong céac thr nghiém nay, thay vi 50 ppm DON, 50 ppm doc
t6 T-2 hodc 50 ppm nivalenol dugc sir dung. Tét ca bdn dehydrogenaza rugu cé céc

trinh tu néu trong SEQ ID NO. 1 dén SEQ ID NO. 4 chtia c4c ion kim loai va dong
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nhan t6 quinon ciing ¢6 thé chuyén hoéa doc t6 T-2 va nivalenol, trong truong hop
ndy, nhiéu hon mét nira lwong ddc t6 duge sir dung ban dau d3 duoc chuyén hoa

trong vong 30 phut.
Vi du 4: Do cac vung hoat tinh

Pé xé4c dinh kha ning cta cac dehydrogenaza ruou ¢ céc trinh tu néu trong
SEQ ID NO. 1 dén SEQ ID NO. 4 trong viéc chuyén hoa DON trong cac diéu kién
khac nhau, dehydrogenaza rugu cé trinh tu néu trong SEQ ID NO. 1 dugc st dung

lam vi du.

Dehydrogenaza rugu c6 trinh tu néu trong SEQ ID NO. 1 dugc san Xudt va
duoc hoat hda béng Ca?" va PCC nhu dugc md ta trong vi du 3. Pé xac dinh hoat
tinh cia enzym trén khoang nhiét do tir 10°C dén 50°C va trén khoang pH tir 3,0
dén 9,0, dung dich dém 10% Teorell Stenhagen duoc str dung thay cho dung dich
dém 100 mM Tris-HCI ¢6 d6 pH bang 7,5.

Céc thir nghiém chuyén héa dé xac dinh hoat tinh & cac nhiét d6 khic nhau
duoc thuc hién trong dung dich nuéc véi cac thanh phan sau: 10% Teorell
Stenhagen d6 pH bang 7,5, 1 mM ddng nhan t oxy héa khir tdng hop PMS, 50 ppm
DON, va 10 nM céc dehydrogenaza rugu duoc hoat héa cé trinh tu néu trong SEQ
ID NO. 1. C4c hdn hop thtr nghiém chuyén héa dwoc G 1én t6i 60 phut trong hé diéu
nhiét tudn hoan (Eppendorf) v&i gradient nhiét do tr 10°C dén 50°C. Sau 0, 10, 20,
30, 40, va 60 phut, 14y miu 0,05ml trong mdi truong hop va trén véi 0,05ml
metanol dé dimg phan tng, va bao quan & -20°C. Cac mau dugc chuén bi cho LC-
MS/MS, nhu dugc md ta trong vi du 3, va dugc phan tich bang cach ding LC-
MS/MS. Qué trinh giam DON duoc xac dinh dbi v6i mdi nhiét d6 va hoat tinh duogc
tinh, nhu dwoc mé ta trong vi du 3. Do dbc ctia khoang tuyén tinh cla dudng
chuyén héa & 30°C duoc sir dung lam tri s6 tham chiéu d@é tinh hoat tinh con lai &
chc nhiét do khac. Bang 4 thé hién nhiét 6 theo don vi °C va hoat tinh con lai két
hop theo phéan trim. Ngac nhién 1, dehydrogenaza rugu cé trinh ty néu trong SEQ
ID NO. 1 d4 thé hién 1a hoat tinh trong khoang nhiét d6 rong. O 10°C, hoat tinh con
lai 1a 48% do duoc, va & khoang 50°C, hoat tinh con lai 1a 67%.
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Bang 4:
Nhiét d§ [°C] | Hoat tinh con lai [%] | Nhiétdo [°C] | Hoat tinh con lai [%]

10,0 48 32,8 105
12,7 60 33 108

15 69 35,3 105
17,6 73 38,4 120
20,5 86 40,7 116
233 89 43,2 108
26,2 82 45,9 96
28,3 100 48,2 89
30,2 100 49.8 67

Céc thir nghiém chuyén hoa dé x4c dinh hoat tinh trong khoang pH tir 4,0 dén
9,0 duoc thuc hién trong dung dich nude véi cc thanh phan sau: 10% Teorell
Stenhagen d6 pH bing 4,0 dén 10,0, 20 mM ddng nhan t& oxy hoéa khir tong hop
PFC, 100 ppm DON, va 20 nM céc dehydrogenaza ruou dugc hoat hda cé trinh tu
néu trong SEQ ID NO. 1. C4c hdn hop thir nghiém chuyén héa dwoc 0 1én téi 60
phut trong hé didu nhiét tudn hoan & 30°C. Sau 0, 10, 20, 30, 40, va 60 phut, liy
mau 0,05ml trong mdi truedng hop va tron véi 0,05ml metanol dé dumng phan tng, va
bao quan ¢ -20°C. Nhu duge md ta trong vi du 3, cac mau dugc pha lodng va duge
phan tich bing cach ding LC-MS/MS. Qua trinh giam DON duoc xé4c dinh & mbi
dd pH va hoat tinh dugc tinh, nhu dugc md ta trong vi du 3. Do dbc cua khoang
tuyén tinh ctia duong chuyén héa & do pH bang 7,5 duoc st dung 1am tri s6 tham
chiéu @ tinh hoat tinh con lai & cic nhiét d6 khac. Bang 5 thé hién cc d6 pH va cac
hoat tinh con lai két hop (su giam DON trén co s& do pH tham chiéu 1a 7,5) tinh

theo phan tram.

Bang 5:
Do pH | Hoattinh conlai | Do pH | Hoat tinh con lai
4,0 10% 7,0 105%
5,0 18% 7,5 100%
6,0 20% 8,0 69%
6,5 52% 9,0 105%
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Vi du 5: Xé4c dinh d0 6n dinh nhiét do

D6 én dinh nhiét d6 cua dehydrogenaza ruou c6 trinh ty néu trong SEQ ID
NO. 1 dugc xac dinh trén khoang tr 30°C dén 55°C. Pé thuc hién diéu nay,
dehydrogenaza rugu duge hoat héa dugc 0 trong dung dich dém 100 mM Tris-HCl,
d6 pH bang 7,5 trong thoi gian 1én t6i 60 phit & nhiét d6 cu thé trong hé diéu nhiét
tudn hoan (Eppendorf). Sau 0, 5, 10, 15, 20, 30, 40, va 60 phut, phan udc
dehydrogenaza ruou duogc lay va hoat tinh duwoc xac dinh trong thir nghiém chuyén
hoa DON, nhu duge mé ta trong vi du 3. Cac hdn hop thir nghiém chuyén hoéa chia
cac thanh phﬁn sau: 100 mM Tris-HCl, d6 pH béng 7,5, 1 mM PMS, 50 ppm DON,
10 nM céc dehydrogenaza rugu duoc hoat hoa c6 trinh tu néu trong SEQ ID NO. 1.
Nhu dugc md ta trong vi du 3, cac phan Ung dugc u va viée léy mau dé xac dinh
hoat tinh dugc thuc hién sau 0, 10, 20, 30, 40 va 60 phat. Qua trinh giam DON
duoc xac dinh d8i voi mdi nhiét do ddi véi mdi thoi gian G P dbc ctia khoang
tuyén tinh ctia dudng chuyén héa DON duoc tinh dé xac dinh d6 6n dinh nhiét do.
Do déc cua khoang tuyén tinh cta dudng chuyén hoa DON ddi véi nhiét do tuong
(g tai thoi diém t = 0 phat duge s dung 1am tri s6 tham chiéu d tinh cac hoat tinh
con lai. Bang 6 thé hién nhiét d6 tinh theo dd °C, thoi gian U tinh theo phut, va hoat
tinh con lai két hop tinh theo phén tram. Dehydrogenaza rugu c6 trinh tw néu trong
SEQ ID NO. 1 1 6n dinh nhat khi dwoc bao quan trong mot gio ¢ nhiét 4o 30°C va
37°C. So sanh véi muc ndy, dehydrogenaza rwgu van c6 hoat tinh con lai 73% &
40°C sau khi bdo quan trong mdt git. Hoat tinh con lai 50% duogc do sau khi bao
quan & 45°C trong 30 phit. Ngac nhién 14, hoat tinh con lai 84% duoc thay sau khi
bao quan 5 phut ¢ 50°C.

Bang 6:
Thoi gian U
0 phut 5 10 15 20 30 | 40ml/phat | 60
phut | phat | phut phut phut phut

30°C | 100% | 99% | 98% | 94% 88% 99% 100% 95%
37°C | 100% | 92% | 94% | 92% 90% 91% 47% 79%
40°C | 100% | 90% | 83% | 77% 75% 83% 82% 73%
45°C | 100% | 85% | 78% | 77% 60% 57% 47% 19%
50°C | 100% | 84% | 30% 36% 13% 12% 10% 0%

-26-



35387

Vi du 6: X4c dinh d6 6n dinh pH

Db bn dinh pH cua dehydrogenaza ruou dugc hoat héa c6 trinh tu néu trong
SEQ ID NO. 1 dugc x4c dinh trén khoang tir d6 pH bang 4,0 dén do pH bang 10,0.
Pé thuc hién didu nay, néng dé gép mudi 1an cua dehydrogenaza ruou dugc hoat
héa (100 nM) dugc bao quan trong dung dich dém 10% Teorell Stenhagen d6 pH
bang 4,0 dén d6 pH bang 10,0 trong thoi gian 1én dén 120 phit & nhiét d@6 30°C. Sau
0, 60, va 120 phut, phﬁn phéan udc dehydrogenaza ruou duoc léy va hoat tinh trong
thir nghiém chuyén héa duge xac dinh, nhu duge md ta trong vi du 3, dugc thuc
hién & 30°C v6i céc thanh phin sau: 100 mM Tris-HCI, d6 pH bang 7,5, 1 mM
PMS, 50 ppm DON, 10 nM céac dehydrogenaza rugu dugce hoat hda cé trinh tu néu
trong SEQ ID NO. 1. Viéc 14y miu dé xac dinh hoat tinh dwgc thuc hién sau 0, 10,
20, 30, 40 va 60 phat. Qua trinh giam DON dugc xac dinh déi véi mdi do pH déi
v6i mdi thoi gian. DE x4c dinh d6 én dinh, d6 déc ctia khoang tuyén tinh ctia dudng
chuyén héa DON duoc tinh dbi véi mdi d6 pH & thoi gian tuong tmg. D ddc ctia
khoang tuyén tinh cta duong chuyén héa DON d6i voi @6 pH tuong Gng tai thoi
diém t = 0 phat dwoc st dung lam tri s6 tham chiéu @& tinh cc hoat tinh ddi véi cc
thoi gian 0 dugi day. Bang 7 thé hién do pH, thoi gian U v6i dd pH nay tinh theo
phiit, va céc hoat tinh con lai két hop tinh theo phan trim. Dehydrogenaza ruou c6
trinh tu néu trong SEQ ID NO. 1 1a én dinh & d6 pH bang 5,0 dén 9,0 sau qué trinh
@ 60 phut. Ngac nhién 13, dehydrogenaza ruou di biéu hién do én dinh dic biét tot
trong mdi truong axit (khong mét hoat tinh & d6 pH bang 5,0) va trong mdi trudng
kiém ning (khong mat hoat tinh sau qué trinh @ 120 phat & d6 pH bang 9,0).

Bang 7:
Thoi gian
60 phut 120 phut
do pH 4,0 72% 51%
do pH 5,0 111% 109%
do pH 6,0 92% 88%
do pH 7,0 87% 85%
do pH 8,0 83% 73%
do pH 9,0 93% 60%
do pH 10,0 69% 55%
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Vi du 7: Chuyén héa DON trong cac phtic nén

Pé x4c dinh kha nang cac dehydrogenaza ruou dugc hoat hoa dé chuyén hoda
céc trichothecen trong cac phiic nén ma khong cé su bd sung tir bén ngoai céc dong
nhén t6 oxy hoa khur téng hop, dehydrogenaza rugu dugc hoat hda cé trinh tu néu
trong SEQ ID NO. 1 dugc tao ra nhu dugc mo ta trong vi du 3, va cac thir nghi€ém
chuyén héa DON dugc thuc hién trong cac phirc nén. O day, cac phirc nén duoc
quy dinh 13 c4c dich da co cta gia suc, cac thanh phan clia rudt tir hong trang ctia
lon, dich da day cta lon, nudce bot cia nguoi va Ign, thirc an dang hat cho lgn con,
va thic an dang hat cho lon con dugc tron véi nude bot, dich da cd, hodc cac thanh
phﬁn trong rudt, v.v.. Dé so sanh vé6i hé dém, cac thir nghiém kiém tra duoc thuc
hién véi Tris-HCI, nhu duoc mé ta trong vi du 3. Ddi v6i thie an cho lon con, thire

an chuan duoc dua trén ngd, dau nanh, va lta mach dugc st dung.

Dé xac dinh hoat tinh dehydrogenaza ruou trong dich da c¢é (46 pH béng 5,9),
I ml dich loc dich da co6 vo trung dugc bd sung vao 100, 200, va 300 nM
dehydrogenaza rugu dugc hoat hoa c6é trinh tu néu trong SEQ ID NO. 1 va 50 ppm
DON trong mdi trudng hop. Cac mé déi ching duoc thir nghiém trong dung dich
nuéce, nhu duge mod ta trong vi du 3. Cac thir nghiém chuyén héa duge 0 & 30°C
trong thiét bi diéu nhiét trong thoi gian 1én t6i 24 gid. Cac mau duoc 14y sau 0, 0,5,
1,0, 5,0, va 24,0 gio, trong mbdi trudng hop, 0,1ml mau duoc léy tai mdi thoi diém,
va phan ing dugc dung lai bang cach dung 0,1m] metanol. C4c mau duge bao quan
& -20°C, lam tan bang, va ly tdm trong 10 phut & tdc do 13000 vong/phit bang may
ly tim dé ban Eppendorf, va duoc loc v6 trung bing may loc Spartan 0,2 pM. Dé
thuc hién LC-MS/MS, cac miu duoc pha lodng nhu dugc mé ta trong vi du 3 va
duoc phan tich bang LC-MS/MS. Nodng d6 ctia DON tai thoi diém t = 0 gio' duoc sir
dung 1am tri s6 tham chiéu (100%) cho céc tri s6 sau. Bang 8 thé hién phan trim
ndng d6 DON ma duge do & thoi diém nhit dinh so véi thoi diém t = 0 gio. D61 véi
hoat tinh trong dung dich dém Tris-HCI, su c6 mat cua ddng nhan té oxy héa khir
téng hop duoc bd sung tir bén ngoai 1a can thiét, vi su chuyén héa DON dién ra
cham, va c6 thé chi phat hién duoc 24 gid sau d6 véi ndng d6 dehydrogenaza rugu
la 300 nM. Ngac nhién 13, da ching minh dugc réng DON duoc chuyén hdéa ma

khong c6 su bd sung ddng nhan té oxy hoéa khir tbng hop bén ngoai trong dich loc
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dich da cd vo tring & d9 pH bang 5,9. Piéu ndy rd rang thé hién 13 ¢6 céc chét trong
dich da c6 c6 tc dung nhu 13 cic ddng nhén t§ oxy hoa khir tu nhién. Véi nong do
300 nM, chi 42% lwong DON ban du con c¢6 trong hdn hop sau 5 gid 1. Sau 24 gid
4, DON c6 thé phat hién dugc chi véi lwong nhd vai néng dd dehydrogenaza rugu

16n hon 200 nM.

Bang 8:
D'lc%l da co Dich da c6 Tris-HC1 do pH bang 7f5
vol dong n,han khong c6 ddng nhan té khong’co dczng;nhan to
to oxy hoa . o A oxy hoa khir tong hop
khir téng hop oxy héa khtr tong hop
100 200 300 100 200 300
100 nM nM nM nM nM nM nM
0 gio 100% 100% | 100% | 100% | 100% | 100% | 100%
0,5 gio 0% 100% | 100% | 87% | 100% | 99% 95%
1,0 gio 0% 100% | 100% | 83% | 100% | 99% 89%
5,0 gio 0% 94% 75% 42% 99% 88% 86%
24,0 gio 0% 53% 3% 0% 97% 84% 67%

Dé x4c dinh hoat tinh dehydrogenaza ruou trong dich da day cta lon khong
chira cam voi d6 pH khoang bang 3, trong c4c thanh phan cta rudt lon véi do pH
khoang béng 6, va trong nudc bot cia lon va nguoi, 300 nM dehydrogenaza ruou
duogc hoat héa ¢6 trinh tu néu trong SEQ ID NO. 1, khoang 20 ppm DON, trong
mdi trudng hop dugce tron trong 1ml dich da day (dugce loc vd trung), Iml cac thanh
phén mém Xép cua rudt, hoic 1ml nudec bot. Voi dbi chimg am, cac hdn hop thir
nghiém chi chira cac dich tiéu héa voi 20 ppm DON dugce u, va véi ddi chimg
dwong, cdc hdn hop thur nghiém chuyén héa chira tt ca céc thanh phan, gdm 20
mM ddng nhéan t& oxy héa khr tdng hop PFC (III), dugc str dung. Cac miu dugce
léy sau 0, 3,0, 5,0, va 24,0 gio, trong mdi trudng hop, 0,1ml mau duoc léy tai moi
thoi diém, va phan tmg dwoc dimg lai bing cach ding 0,1ml metanol. Cac mau
duge bao quan ¢ 20°C, lam tan bang, va ly tdm trong 10 phut & tbe d6 13000
vong/phut bing may ly tim dé ban Eppendorf, va dugc loc vo (mdy loc Spartan 0,2
uM). Dé thuc hién LC-MS/MS, cac mau duogc pha lodng ty 1¢ 1:10 trong dung moi
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rira giai (xem vi du 3) va dwoc phan tich bang LC-MS/MS nhu trong vi du 3. Bang
9 thé hién cac ndng d6 DON tuwong ng ma dwoc do tai thoi diém 1y mau. Ngac
nhién 13, su giam DON trong mau nudc bot dién ra ma khong cin dong nhén t6 oxy
hoa khir tong hop duoc bd sung tir bén ngoai (bat ké loai). Pidu nay 13 rang thé hién
1a ¢6 cac chét trong dich tiét nude bot ciia ngudi va lon ma thich hop lam cac ddng
nhan t§ oxy hoa khir tw nhién dé chuyén héa DON béang dehydrogenaza ruou cd
trinh tu néu trong SEQ ID NO. 1. Khéng thdy c6 su giam khong déng ké néng do
DON & mau dich da day tinh khiét khéng c6 cam. Su giam ndng d6 DON dién ra &

céc thanh phin cua rudt chi khi ¢6 bd sung ddng nhan té oxy hoa khir tong hop.

Bang 9:
DON [ppm]
Mau 0 gio 3 gio 5 gioy 24 gidy
Nudc bot Déi chiing am 20 19 18 18
(nguot) 0 mM PFC (III) 20 13 12 8
Péi chimg dwong
20 mM PFC (III) 18 0 0 0
Nude bot Déi ching am 20 20 19 18
(lon) 0 mM PFC (III) 21 10 8 5
Déi ching duwong
20 mM PFC (III) 20 0 0 0
Dich da Péi chimg am 22 22 21 21
day 0 mM PFC (IIl) 22 21 21 20
Déi chimg dwong
20 mM PEC (IT) 24 21 19 18
Céc thanh | DOi chimg dm 21 20 20 20
phfgé‘t’ua 0 mM PFC (1) 24 23 22 22
' Déi chung dwong
20 mM PEC (I1I) 23 ? 8 4

Dé xac dinh hoat tinh cia cac dehydrogenaza ruou trong thirc &n cho lon con,
100 mg thuc an cho lon con dugc trdn lan luot véi 400p! dung dich dém 100mM
Tris-HCI, d6 pH bang 7,5, 400p] nude bot ctia lon, 400ul dich da day vé tring cua
lon hodc 400pl thanh phan ctia rudt lon. Cac huyén phu thitc dn cho lon nay duoc

bao quan qua dém ¢ 4°C. Sau d6, khoang 20 ppm DON, va/hodc 300 nM céc
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dehydrogenaza rugu dugc hoat hda cé trinh tu néu trong SEQ ID NO. 1, va/hoéc 20
mM ddng nhén t oxy héa khir tdng hop PFC (III) duoc bd sung vao tit ca cac mau.
Céc hdn hop khong chira dehydrogenaza ruou va khong chira ddng nhén t§ oxy hoa
khir tong hop bén ngoai duoc st dung lam d6i chimg 4m. Cac hdn hop chua
dehydrogenaza ruou va dong nhan t6 oxy héa khir tong hop duoc sir dung lam dbi
chimg duong. Cac mau duoc léy sau 0, 3,0, 5,0, va 24,0 gio. Mot mau dﬁy da duoc
st dung cho mdi 1an. P4i v6i mau, 500ul metanol duoc bd sung, sau d6 1a quy trinh
ddng nhét hoa 30 phut trén may lac véi toe d6 300 vong/phut. Sau quy trinh nay,
chc méu dwoc ly tdm trong 15 phit (may ly tdm dé ban Eppendorf, 13000
vong/phut) va dich nbi duoc loc bang dng phun qua bd loc Spartan 0,2 uM. Cac
dich ndi duoc bao quan & -20°C, 1am tan bang, va dugc pha lodng ty 1¢ 1:10 trong
dung moi rira giai dé thuc hién LC-MS/MS, va dugc phan tich bing LC-MS/MS

nhu duge mo ta trong vi du 3.

Bang 10 thé hién né)ng do DON ma c6 mat trong céc mau & cac thoi diém
tuong tmg. Trong hdn hop dém thiic &n cho lgn con, ¢6 cac chit ma c6 thé cho ring
d6ng vai tro 1am céc ddng nhan t6 oxy hoa khir tbng hop bd sung tir bén ngoai, vi
ndng d6 DON giam lién tuc véi su ving mit clia ddng nhan t§ oxy héa khir tong
hop bén ngoai. Céc chét nay dén tUr thure an cho lon con, vi nhu duoc thé hién trén
day, khong thé do duoc su chuyén héa DON trong dung dich dém khong c6 dong
nhan t6 oxy héa khir tong hop bén ngoai. Vi su ¢d mit cla ddng nhan t§ oxy hoa
khir tdng hop bén ngoai, su chuyén héa DON trong hdn hop dém thic &n cho lon

con dién ra nhanh hon.

Trong hdn hop thiic dn cho lon con va nudc bot, dehydrogenaza ruou cling thé
hién hoat tinh mot cach ddc lap véi su ¢ mét cta déng nhan t6 oxy hoéa khu téng
hop bén ngoai; trong d6 su giam DON nhanh hon dién ra trong céc hdn hop thir

nghiém chuyén h6a ma chira dong nhan t6 oxy héa khir tdng hop bén ngoai.

Ngac nhién 13, dehydrogenaza ruou c6 trinh tu néu trong SEQ ID NO. 1 trong
hdn hop thirc dn cho lon con van hoat tinh ma khong cin bd sung dong nhan té oxy
hoa khir tong hop bén ngoai. Mot mat, bang cach bd sung thirc dn cho lon con vao
dich da day, dd pH cua dich da day dugc tang 1én, va mat khac, cac déng nhan t&
oxy héa khir c6 trong tu nhién ma c6 thé thay thé ddng nhan t6 oxy héa khr tong
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hop bén ngoai dugc giai phong to thitc an cho lon con. Hoat tinh cua
dehydrogenaza ruou dugc x4c dinh trong cac thanh phan cta rudt chi khi ddng nhan

t oxy héa khir tdng hop bén ngoai dwoc bd sung vao hdn hop thir nghiém chuyén

hoa.
Béang 10:
DON [ppm]
Mau 0 gio 3 gioy 5 gio 24 gioy
Thirc an Déi chimg 4m 21 20 20 20
cho lon 0 mM PFC (III) 20 10 9 5
con trong Lo,
dung dich Doi chung duong 1 0 0 0
dem 20 mM PFEC (III)
Thirc n Péi chimg am 20 20 20 20
cho lon 0 mM PFC (I1I) 20 12 9 8
con trong Péi chimg duong
nudebot | 20 mM PFC (I11) 1 1 o8 0
Thitc an D6i ching 4m 21 21 20 20
cho lon 0 mM PFC (III) 20 7 5 2
con trong Déi chime d
dich da 01 chung duong
day 20 mM PFC (I1I) 20 : 0.7 0
Thirc an Péi chiing am 21 20 20 20
cho lon 0 mM PFC (IIT) 21 20 18 16
con trong
cac thanh Déi chimg duong
phan cua 20 mM PFC (I1) 20 > 3 0.7
rudt
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YEU CAU BAO HQ
1. Quy trinh chuyén héa trichothecen nhd enzym, dac trung & chd it nhat mot
trichothecen biéu hién nhém hydroxyl trén nguyén tir C-3 dugc cho tiép xic véi
dehydrogenaza ruou cd trinh tu néu trong SEQ ID NO. 1 chtra cac ion kim loai va
d6ng nhan t6 quinon, hozc véi bién thé chirc ning con biéu hién d6 twong dong vé
trinh tu it nhat 12 80%, tot hon 14 it nhit 86%, déc biét tét hon 1a it nhat 89%, véi it

nhat mdt dong nhan t6 oxy hda khir va nudc, va néu can it nhat mot chat phu tro.

2. Quy trinh theo diém 1, trong d6 trinh tu axit amin cua bién thé chic ning duoc

chon tir nhém bao gdm céc trinh ty néu trong SEQ ID NO. 2 dén SEQ ID NO. 4.

3. Quy trinh theo didm bat ky trong s& cic diém 1 hodc 2, trong d6 trichothecen
biéu hién nhém hydroxyl trén nguyén tir C-3 duoc chuyén héa ¢ nhiét o nam trong
khoang tir 5°C dén 55°C, tbt hon 14 nim trong khoang tir 10°C dén 50°C, dic biét
t6t hon 1a nam trong khoang tir 28°C dén 45°C.

4. Quy trinh theo diém 1, 2 hodc 3, trong doé it nhat mot trichothecen biéu hién
nhém hydroxyl trén nguyén tir C-3 dwoc cho tiép xtc véi dehydrogenaza rugu chira
céc ion kim loai va ddng nhén t§ quinon, hodc it nhat mot bién thé chirc ning cua
nd, v6i nhan tb oxy hoa khu, véi nude, va néu can, véi chit phu tro, trong it nhét 1a

mot phut, tbt hon 14 it nhit 5 phut, dac biét 14 it nhat 60 phut.

5. Quy trinh theo bét ky trong s6 cac diém 1 dén 4, trong d6 ddng nhan t& quinon
dugce chon tir nhom bao gff)m PCC, TTC, TPC, LTC, va CTC, ot hon 1a PCC.

6. Quy trinh theo diém bit ky trong sb cac diém 1 dén 5, trong d6 ddng nhan té
quinon dugc gén véi dehydrogenaza ruou boi it nhit mot kim loai duoc chon tir
nhém bao gdm Li*, Na*, K*, Mg?', Ca*", Zn?', Zn**, Mn?*, Mn®', Fe?, Fe**, Cu?*,
Cu3*, Co** va Co®, t6t hon 1a Ca?* va Mg?".

7. Quy trinh theo diém bat ky trong sb cac diém tir 1 dén 6, trong d9 it nhat mot
ddng nhén té oxy héa khir duge chon tir nhém bao gdm PMS, céc dan xuit PMS,
kali hexaxyanoferat (IIl), natri hexaxyanoferat (III), cytochrom C, coenzym Ql,

coenzym Q10, xanh metylen, TMPD, tot hon la PMS, coenzym Q1 va coenzym
Q10.
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8. Chat phu gia chuyén héa trichothecen, trong d6 chit phu gia nay chira
dehydrogenaza rugu c6 trinh tu néu trong SEQ ID NO. 1 chira cac ion kim loai va
ddng nhan t& quinon, hodc bién thé chirc nang con biéu hién d6 twong ddng vé trinh
tu it nhat 80%, tot hon 14 it nhit 86%, déc biét tt hon 1a it nhat 89%, va néu can,
con chira it nhat mot thanh phﬁn bd sung dugc chon tur nhom bao gbm dﬁ‘)ng nhan tb

oxy héa khir va it nhat mot chit phu tro.

9. Chét phu gia theo diém 8, trong d6 chat phu gia nay chira bién thé chirc ning ctia
dehydrogenaza ruou c¢6 trinh tu néu trong SEQ ID NO. 1 c6 trinh tu dugc chon tur
nhém bao gdm céc trinh tu néu trong SEQ ID NO. 2 dén SEQ ID NO. 4.

10. Chét phu gia theo diém 8 hodc 9, trong d6 chit phu gia nay chtra ddng nhan t6
quinon dugc chon tr nhom bao gém PCC, TTC, TPC, LTC, va CTC, tdt hon 1a
PCC.

1 1. Chéit phu gia theo diém 8, 9, hodc 10, trong d6 chit phu gia nay chta dong nhan
t6 quinon dugc gin két v6i dehydrogenaza rugu boi it nhat mot ion kim loai duoc
chon tir nhém bao gém Li*, Na*, K*, Mg?', Ca*, Zn**, Zn**, Mn**, Mn*', Fe?*, Fe**,

Cu?*, Cu3*, Co?* va Co®*, t6t hon 1a Ca2t va Mg?*.

12. Chét phu gia theo diém bt ky trong s6 cac diém tur 8 dén 11, trong d6 dong
nhan t6 oxy héa khtr tong hop duoc chon tir nhém bao gdm PMS, céc din Xuét
PMS, kali hexaxyanoferat (III), natri hexaxyanoferat (III), cytochrom C, coenzym
Ql, coenzym Q10, xanh metylen, va TMPD, tdt hon 1a PMS, coenzym Q1 va
coenzym Q10 lam ddng nhan t oxy héa khir.

13. Chét phu gia theo diém bét ky trong sb cac didm tir 8 dén 12, trong d6 chat phu
tro duoc chon tir nhém bao gdm cic chat mang tro, cic vitamin, cac chét khoang,
céc chat phat sinh thuc vat, cac enzym va cac thanh phén bd sung dé khir doc cac
doc t ndm nhu cac enzym phan huy doc t6 nam, dic biét 1a cac aflatoxin-oxidaza,
ergotamin hydrolaza, ergotamin amidaza, zearalenon esteraza, zearalenon lactonaza,
zearalenon hydrolaza, ochratoxin amidaza, fumonisin aminotransferaza, fumonisin
carboxyltransferaza, amino polyol amin oxidaza, deoxynivalenol epoxit hydrolaza,
deoxynivalenol ~ dehydrogenaza, = deoxynivalenol  oxidaza,  trichothecen

dehydrogenaza, trichothecen oxidaza; va cac vi sinh vat chuyén héa doc to nam nhu
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DSM 11798; va céc chit gén két voi doc td ndm nhu cac thanh té bao vi sinh vat

hodc cac vat liéu vo co nhu bentonit.

14. Chat phu gia theo diém bat ky trong s6 cac diém 8 dén 13, trong d6 chit phu gia

nay duoc thé hién duéi dang duoc bao hodc duge phi.
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DANH MUC TRINH TU
<110> ERBER Aktiengesellschaft

<120> QUY TRINH CHUYEN HOA TRICHOTHECEN NHO ENZYM VA CHAT PHU GIA
CHUYEN HOA TRICHOTHECEN

<130> F_Pat BIO_005/PCT

<160> 4

<170> PatentIn version 3.5

<210> 1

<211> 608

<212> PRT

<213> Pseudogluconobacter sSp.

<400> 1

Met Arg Phe Glu Tyr Leu Arg Gln Asn Val val Gly Leu Ala Leu Ser

1 5 10 15

Thr Ala Leu Ile Ala Ser Leu Ser Gly Pro Ala Phe Ala Gln His Asp
20 25 30

Ala Asn Ala Ala Ala Glu Pro Ser Lys Ala Gly Gln Ser Ala Ile Glu
35 40 45

Asn Phe Gln Pro Val Thr Ala Asp Asp Leu Ala Gly Lys Asn Pro Ala
50 55 60

Asn Trp Pro Ile Leu Arg Gly Asn Tyr Gln Gly Trp Gly Tyr Ser Pro
65 70 75 80

Leu Asp Gln Ile Asn Lys Asp Asn Val Gly Asp Leu Gln Leu Val Trp
85 90 95

Ser Arg Thr Met Glu Pro Gly Ser Asn Glu Gly Ala Ala Ile Ala Tyr
100 105 110

Asn Gly Val Ile Phe Leu Gly Asn Thr Asn ASp val Ile Gln Ala TIle
115 120 125
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Asp Gly Lys Thr Gly Ser Leu Ile Trp Glu Tyr Arg Arg Lys Leu Pro
130 135 140

Ser Ala Ser Lys Phe Ile Asn Ser Leu Gly Ala Ala Lys Arg Ser Ile
145 150 155 160

Ala Leu Phe Gly Asp Lys Val Tyr Phe Val Ser Trp Asp Asn Phe Val
165 170 175

val Ala Leu Asp Ala Lys Thr Gly Lys TLeu Ala Trp Glu Thr Asn Arg
180 185 190

Gly Gln Gly Val Glu Glu Gly Val Ala Asn Ser Ser Gly Pro Ile Vval
195 200 205

val Asp Gly Vval val Ile Ala Gly Ser Thr Cys Gln Phe Ser Gly Phe
210 215 220

Gly Cys Tyr Val Thr Gly Thr Asp Ala Glu Ser Gly Glu Glu Leu Trp
225 230 235 240

Arg Asn Thr Phe Ile Pro Arg Pro Gly Glu Glu Gly Asp Asp Thr Trp
245 250 255

Gly Gly Ala Pro Tyr Glu Asn Arg Trp Met Thr Gly Ala Trp Gly Gln
260 265 270

Ile Thr Tyr Asp Pro Glu Leu Asp Leu Val Tyr Tyr Gly Ser Thr Gly
275 280 285

Ala Gly Pro Ala Ser Glu val Gln Arg Gly Thr Glu Gly Gly Thr Leu
290 295 300

Ala Gly Thr Asn Thr Arg Phe Ala Val Lys Pro Lys Thr Gly Glu Val
305 310 315 320

val Trp Lys His Gln Thr Leu Pro Arg Asp Asn Trp Asp Ser Glu Cys
325 330 335
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Ala

Arg

Phe

385

Gln

Glu

Thr

Ser

Ala

465

Thr

Ile

Ala

Gly

Phe

Asp

Lys

370

Asp

Asn

Asp

Phe

Asn

450

Arg

Leu

Asp

Leu

Gly
530

Glu

Gly

355

Val

Ala

Ser

Met

Leu

435

Leu

Thr

Val

Leu

Tyr

515

Ile

Met

340

Met

Leu

Lys

Ile

Ile

420

Gly

Tyr

Thr

Leu

Ala

500

Asp

Asp

Met

Met

Thr

Thr

Ala

405

Leu

Gly

val

Glu

Ala

485

Thr

Pro

Arg

Val

Ser

Gly

Gly

390

Ser

Lys

Arg

Ile

Ala

470

Pro

Gly

Val

Asp

Val

Val

Val

375

Asp

Ile

Glu

Asp

Pro

455

Thr

Gly

Glu

Leu

Phe
535

Ser

Gly

360

Pro

Tyr

Asp

Pro

Trp

440

Leu

Pro

Lys

Thr

Thr

520

Arg
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Thr

345

Ala

Cys

Phe

Asp

Gly

425

Pro

Ser

Ala

Thr

Lys

505

Thr

Ala
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Ser

Asn

Lys

Trp

Thr

410

Lys

Ser

Asn

Asp

Asn

490

Trp

Gly

Leu

Val

vVal

Thr

Ser

395

Gly

Thr

Ala

Ala

vVal

475

Met

Ser

Gly

Asp

Asn

Pro

Gly

380

Lys

Leu

Tyr

Gly

Cys

460

Tyr

Gly

Tyr

Asp

Ala
540

Pro

Arg

365

Val

Ala

vVal

Asn

Tyr

445

Tyr

Asn

Arg

Glu

Leu

525

Glu

Asp

350

Gly

Ala

Thr

Thr

Tyr

430

Leu

Asp

Thr

Val

Thr

510

vVal

Ser

Ala

Glu

Trp

Val

vVal

415

Cys

Pro

Val

Asp

Asp

495

Arg

Phe

Gly

Lys

Thr

Gln

Glu

400

Asn

Pro

Lys

Met

Ala

480

Ala

Ala

Val

Lys



Glu

545

Ser

Ser

Ala

Val

Tyr

Leu

Ser

<210>
<211>
<212>
<213>

<400>

Trp

Ser

Gly

Gly
595

2
586
PRT

Ser

Ile

Gly

580

Ala

Thr

Asp

565

Pro

Asn

Devosia sp.

2

Met Ser Ala

1

Thr

Ala

Gly

Asp

65

Gly

Gly

Leu

Ala

Glu

Asn

50

Asn

Ser

Asn

Ile

Ala

Asp

35

Tyr

val

Asn

Ala

Trp

Pro

Pro

20

Leu

Gln

Gly

Glu

Asn

100

Glu

Ala

Gly

Ala

Gly

Gln

Gly

85

Asp

Tyr

Arg

550

Gly

Thr

Gly

Phe

Gln

Gly

Trp

Leu

70

Ser

val

Arg

Leu

Arg

Phe

Ile

Ala

Ser

Gly

Gly

55

Gln

Ala

Val

Arg

Pro

Gln

Gly

Tyr
600

Gln

Ala

Asn

40

Tyr

Leu

Ile

Gln

Lys

35387

Gly Ala

Tyr Val
570

Pro Thr
585

Val Phe

His Ala
10

Ile Glu
25

Ala Ala
Thr Gln
Ala Trp
Ala Tyr

90

Ala Ile
105

Leu Pro
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val

555

Ala

Thr

Ala

Asp

Asn

Asn

Leu

Ala

75

Asn

Asp

Pro

Ser

Val

Pro

Leu

Gly

Phe

Trp

Asp

60

Arg

Gly

Gly

Ala

Gly

Val

Asp

Pro
605

Ala

Gln

Pro

45

Gln

Thr

Val

Lys

Ser

Tyr

Ser

val

590

Glu

Ala

Pro

30

Ile

Ile

Met

Val

Thr

110

Lys

Thr

Gly

575

Asp

Lys

Ala

15

Val

Leu

Asn

Glu

Phe

95

Gly

Phe

Thr

560

Gly

Ser

Lys

Glu

Thr

Arg

Lys

Pro

80

Leu

Asn

Ile



Asn

Val

145

Thr

Ala

Thr

Arg

225

Asn

Leu

Val

Phe

Leu

305

Val

Ser

130

Tyr

Gly

Val

Gly

Asp

210

Pro

Arg

Asp

Gln

Ala

290

Pro

Ser

115

Leu

Phe

Lys

Ser

Ser

195

Ala

Gly

Trp

Leu

Arg

275

Val

Arg

Thr

Gly

Val

Leu

Asn

180

Thr

Glu

Glu

Met

vVal

260

Gly

Lys

Asp

Thr

Ala

Ser

Ala

165

Ser

Cys

Ser

Glu

Thr

245

Tyr

Thr

Pro

Asn

vVal

Ala

Trp

150

Trp

Ser

Gln

Gly

Gly

230

Gly

Tyr

Glu

Lys

Trp

310

Asn

Lys

135

Asp

Glu

Gly

Tyr

Glu

215

Asp

Ala

Gly

Gly

Thr

295

Asp

Pro

120

Arg

Asn

Thr

Pro

Ser

200

Glu

Asp

Trp

Ser

Gly

280

Gly

Ser

Asp

35387

Ser

Phe

Asn

Ile

185

Gly

Leu

Thr

Gly

Thr

265

Thr

Glu

Glu

Ala
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Ile

Val

Arg

170

Val

Phe

Trp

Trp

Gln

250

Gly

Leu

val

Cys

Gly

Ala

Val

155

Gly

Val

Gly

Arg

Gly

235

Ile

Ala

Ala

Val

Thr

315

Ala

Leu

140

Ala

Gln

Asp

Cys

Asn

220

Gly

Thr

Gly

Gly

Trp

300

Phe

Asp

125

Phe

Leu

Gly

Gly

Tyr

205

Thr

Ala

Tyr

Pro

Thr

285

Lys

Glu

Gly

Gly

Asp

vVal

Val

190

Val

Phe

Pro

Asp

Ala

270

Asn

His

Met

Met

Asp

Ala

Glu

175

Val

Thr

Ile

Tyr

Pro

255

Ser

Thr

Gln

Met

Met

Lys

Lys

160

Glu

Ile

Gly

Pro

Glu

240

Glu

Glu

Arg

Thr

Val

320

Ser
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325 330 335

Val Gly Ala Asn Val Pro Arg Gly Glu Thr Arg Lys val Leu Thr Gly
340 345 350

Val Pro Cys Lys Thr Gly vVal Ala Trp Gln Phe ASp Ala Glu Thr Gly
355 360 365

Asp Tyr Phe Trp Ser Lys Ala Thr Val Glu Gln Asn Ser Ile Ala Ser
370 375 380

Ile Asp Asp Lys Gly Leu val Thr Val Asn Glu Asp Met Ile Leu Lys
385 390 395 400

Glu Pro Gly Lys Asp Tyr Asn Tyr Cys Pro Thr Phe Leu Gly Gly Arg
405 410 415

Asp Trp Pro Ser Ala Gly Tyr Leu Pro LysS Ser Asn Leu Tyr Val Ile
420 425 430

Pro Leu Ser Asn Ala Cys Tyr Asp Leu Lys Ala Arg Thr Thr Glu Ala
435 440 445

Thr Pro Ala Asp Val Tyr Asn Thr Asp Ser Thr Val Lys Leu Ala Pro
450 455 460

Gly Lys Thr Asn Met Gly Arg Val Asp Ala Ile Asp Val Ala Thr Gly
465 470 475 480

Ala Thr Lys Trp Ser Phe Glu Thr Glu Ala Ala Leu Tyr Asp Pro Val
485 490 495

Met Thr Thr Ala Gly Asp Leu val Phe Val Gly Ser Thr Asp Arg Met
500 505 510

Phe Arg Ala Leu Asp Ala Glu Thr Gly Lys Glu Val Trp Ser Thr Arg
515 520 525

Leu Pro Gly Ala Ile Ser Gly Tyr Thr Thr Ser Tyr Ser Ile ASp Gly
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Arg
545

Phe

Ile

530

Gln

Lys

Tyr

<210>
<211>
<212>
<213>

<400>

Tyr Val Ala

Ala Ala Val

Val

3
603
PRT

Phe
580

565

Ala

Devosia sp.

3

Met Arg Gln

1

Ser

Glu

Thr

Arg

65

Lys

Pro

Leu

Leu

Thr

Ala

50

Gly

Asp

Gly

Gly

Ser

Ala

35

Glu

Asn

Asn

Ser

Asn
115

Asn

Ala

20

Ala

Asp

Tyr

Val

Asn

100

Ala

Val

Pro

Pro

Leu

Gln

Gly

85

Glu

Asn

Val
550

Pro

Leu

Val

Ala

Gly

Ala

Gly

Gln

Gly

Asp

535

val

Gly

Pro

Gly

Phe

Gln

Gly

55

Trp

Leu

Ser

Val

Ala

Val

Glu

Leu

Ala

Ser

40

Gly

Gly

Gln

Ala

Val
120

35387

540

Gly Gly Ser Leu Gly Thr Gly Phe
555 560

Asp Ala Val Gln Gly Gly Asn Gly
570 575
Ala Lys

585

Ala Leu Ser Thr Ala Leu Ile Ala
10 15

Gln His Ala Asp Gly Ala Ala Ala
25 30

Ala Ile Glu Asn Phe Gln Pro Val
45

Asn Ala Ala Asn Trp Pro Ile Leu
60

Tyr Thr Gln Leu ASp Gln Ile Asn
75 80

Leu Ala Trp Ala Arg Thr Met Glu
90 95

Ile Ala Tyr Asn Gly Val val Phe
105 110

Gln Ala Ile Asp Gly Lys Thr Gly
125



Asn

Ile

145

Lys

Lys

Glu

Ile

Gly

225

Pro

Glu

Glu

Glu

Arg

305

Thr

Leu

130

Asn

Val

Thr

Gly

Ala

210

Thr

Arg

Asn

Leu

Val

290

Phe

Leu

Ile

Ser

Tyr

Gly

vVal

195

Gly

Asp

Pro

Arg

Asp

275

Gln

Ala

Pro

Trp

Leu

Phe

Lys

180

Ser

Ser

Ala

Gly

Trp

260

Leu

Arg

Val

Arg

Glu

Gly

Val

165

Leu

Asn

Thr

Glu

Glu

245

Met

Val

Gly

Lys

Asp
325

Tyr

Ala

150

Ser

Ala

Ser

Cys

Ser

230

Glu

Thr

Tyr

Thr

Pro

310

Asn

Arg

135

Ala

Trp

Trp

Ser

Gln

215

Gly

Gly

Gly

Tyr

Glu

295

Lys

Trp

Arg

Lys

Asp

Glu

Gly

200

Tyr

Glu

Asp

Ala

Gly

280

Gly

Thr

Asp

35387

Lys

Arg

Asn

Thr

185

Pro

Ser

Glu

Asp

Trp

265

Ser

Gly

Gly

Ser

Leu

Ser

Phe

170

Asn

Ile

Gly

Leu

Thr

250

Gly

Thr

Thr

Glu

Glu
330

Pro

Ile

155

Val

Arg

Val

Phe

Trp

235

Trp

Gln

Gly

Leu

val

315

Cys

Pro

140

Ala

val

Gly

Val

Gly

220

Arg

Gly

Ile

Ala

Ala

300

val

Thr

Ala

Leu

Ala

Gln

Asp

205

Cys

Asn

Gly

Thr

Gly

285

Gly

Trp

Phe

Ser

Phe

Leu

Gly

190

Gly

Tyr

Thr

Ala

Tyr

270

Pro

Thr

Lys

Glu

Lys

Gly

Asp

175

vVal

Val

Val

Phe

Pro

255

Asp

Ala

Asn

His

Met
335

Phe

Asp

160

Ala

Glu

vVal

Thr

Ile

240

Tyr

Pro

Ser

Thr

Gln

320

Met
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val val Ser Thr Thr Val Asn Pro ASp Ala Gly Ala Asp Gly Met Met
340 345 350

Ser val Gly Ala Asn Val Pro Arg Gly Glu Thr Arg Lys Val Leu Thr
355 360 365

Gly val Pro Cys Lys Thr Gly Val Ala Trp Gln Phe Asp Ala Glu Thr
370 375 380

Gly Asp Tyr Phe Trp Ser Lys Ala Thr Val Glu Gln Asn Ser Ile Ala
385 390 395 400

Ser Ile Asp Asp Lys Gly Leu val Thr Val Asn Glu Asp Met Ile Leu
405 410 415

Lys Glu Pro Gly Lys Asp Tyr Asn Tyr Cys Pro Thr Phe Leu Gly Gly
420 425 430

Arg Asp Trp Pro Ser Ala Gly Tyr Leu Pro Lys Ser Asn Leu Tyr Val
435 440 445

Ile Pro Leu Ser Asn Ala Cys Tyr Asp Leu Lys Ala Arg Thr Thr Glu
450 455 460

Ala Thr Pro Ala Asp Val Tyr Asn Thr Asp Ser Thr Val Lys Leu Ala
465 470 475 480

Pro Gly Lys Thr Asn Met Gly Arg Val Asp Ala Ile Asp Val Ala Thr
485 490 495

Gly Ala Thr Lys Trp Ser Phe Glu Thr Glu Ala Ala Leu Tyr Asp Pro
500 505 510

Val Met Thr Thr Ala Gly Asp Leu val Phe Val Gly Ser Thr Asp Arg
515 520 525

Met Phe Arg Ala Leu Asp Ala Glu Thr Gly Lys Glu Val Trp Ser Thr
530 535 540
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Arg Leu
545

Gly Arg

Phe Phe

Gly Ile

<210>
<211>
<212>
<213>
<400>
Met Arg
1

Thr Ala

Asp Gly

Phe Lys
50

Trp Pro
65

Asp Gln

Arg Thr

Pro Gly Ala

Gln Tyr Val
565

Lys Ala Ala
580

Tyr Val Phe
595

4

609

PRT
Devosia sp.

4

Phe Glu Cys

Leu Ile Ala
20

Ala Ala Thr
35

Pro Val Thr

Ile Leu Arg

Ile Asn Lys
85

Met Glu Pro
100

Ile

550

Ala

vVal

Ala

Ile

Ser

Glu

Ala

Gly

70

Asp

Gly

Ser

vVal

Pro

Leu

Arg

Leu

Ala

Glu

55

Asn

Asn

Ser

Gly

Val

Gly

Pro
600

Gln

Ser

vVal

40

Asp

Tyr

Val

Asn

35387

Tyr

Ala

Val

585

Glu

Asn

Ala

25

Ser

Ile

Asn

Gly

Glu
105
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Thr

Gly

570

Asp

Ala

Ala

10

Pro

Ala

Ala

Gly

Gln

90

Gly

Thr

555

Gly

Ala

Lys

Val

Ala

Gln

Gly

Trp

75

Leu

Ala

Ser

Ser

vVal

Gly

Phe

Ser

Ala

60

Gly

Gln

Ala

Tyr

Leu

Gln

Leu

Ala

Ala

45

Asn

Tyr

Leu

Ile

Ser

Gly

Gly
590

Ala

Gln

30

Ile

Ser

Thr

Ala

Ala
110

Ile

Thr

575

Gly

Leu

15

His

Glu

Ala

Pro

Trp

95

Tyr

Asp
560

Gly

Asn

Ser

Ala

Asn

Asn

Leu

80

Ser

Asn
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Gly Val val Tyr Leu Gly Asn Ala Asn ASp Val Ile Gln Ala Ile Asp
115 120 125

Gly Lys Thr Gly Asp Leu Ile Trp Glu Tyr Arg Arg Lys Leu Pro Pro
130 135 140

Ala Ser Lys Phe Ile Asn Ser Leu Gly Gln Ala Lys Arg Ser Ile Ala
145 150 155 160

Leu Phe Gly Asp Lys Val Tyr Phe Val Ser Trp Asp Asn Phe vVal Ala
165 170 175

Ala Leu Asp Ala Lys Thr Gly Lys Leu Ala Trp Glu Thr Asn Arg Gly
180 185 190

Gln Gly Val Asp Glu Gly vVal Ser Asn Ser Ser Gly Pro Ile Val Val
195 200 205

Asp Gly Val Val Ile Ala Gly Thr Thr Cys Gln Phe Ser Gly Phe Gly
210 215 220

Cys Tyr Val Thr Gly Thr Asp Ala Glu Ser Gly Glu Glu Leu Trp Arg
225 230 235 240

Asn Thr Phe Ile Pro Arg Pro Gly Glu Glu Gly Asp Asp Thr Trp Gly
245 250 255

Gly Ala Pro Tyr Glu Asn Arg Trp Met Thr Gly Ala Trp Gly Gln Ile
260 265 270

Thr Tyr Asp Pro Glu Leu Asp Leu Val Tyr Tyr Gly Ser Thr Gly Ala
275 280 285

Gly Pro Ala Ser Glu val Gln Arg Gly Thr Glu Gly Gly Thr Leu Ala
290 295 300

Gly Thr Asn Thr Arg Phe Ala Val Lys Pro Lys Thr Gly Glu Val Val
305 310 315 320
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Trp Lys His Gln Thr Leu Pro Arg Asp Asn Trp Asp Gln Glu Cys Thr
325 330 335

Phe Glu Met Met Val Val Ser Thr Thr vVal Asn Pro Asn Ala Asp Ala
340 345 350

Glu Gly Met Phe Ser Val Gly Ala Thr Leu Pro Arg Gly Glu Ser Arg
355 360 365

Lys Val Leu Thr Gly val Pro Cys Lys Thr Gly Val Ala Trp Gln Phe
370 375 380

Asp Ala Glu Thr Gly Asp Tyr Phe Trp Ser Lys Ala Thr val Ala Gln
385 390 395 400

Asn Ala Val Ala Ser Ile Asp Asp Lys Gly Leu Val Thr Val Asn Glu
405 410 415

Asp Met Ile Ile Lys Glu Pro Gly Lys Asn Tyr Glu Phe Cys Pro Thr
420 425 430

Phe Leu Gly Gly Arg Asp Trp Pro Ser Ala Gly Tyr Leu Pro Ala Ser
435 440 445

Asn Leu Tyr Val Ile Pro Leu Ser Gln Ala Cys Tyr Asp Leu Thr Ala
450 455 460

Arg Thr Thr Glu Ala Thr Pro Ala Asp Val Tyr Asn Thr Asp Ala Thr
465 470 475 480

vVal Lys Leu Ala Pro Gly Arg Thr Asn Met Gly Arg Val Asp Ala Ile
485 490 495

Asp Leu Ala Thr Gly Glu Thr Lys Trp Ser Phe Glu Thr Thr Ala Ala
500 505 510

Leu Tyr Asp Pro Val Met Thr Thr Gly Gly Asp Leu Val Phe Val Gly
515 520 525
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Ser

Val

545

Tyr

Leu

Gln

Glu

Thr

530

Trp

Ser

Gly

Gly

Asp

Ser

Leu

Thr

Gly
595

Arg

Thr

Asp

Ser

580

Asn

Val

Arg

Gly

565

Phe

Gly

Tyr

Ile

550

Arg

Phe

Ile

Arg

535

Pro

Gln

Lys

Tyr

Ala

Gly

Tyr

Ala

val
600

35387

Leu

Ala

val

Ala

585

Phe
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Asp

Ile

Ala

570

vVal

Ala

Ala

Ser

555

val

Pro

Leu

Ala

540

Gly

Leu

Asn

Pro

Thr

Phe

Ala

vVal

Asp
605

Gly

Thr

Gly

Asp

590

Ala

Lys

Thr

Gly

575

Ala

Lys

Glu

Ser

560

Ser

Val

Ile





