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TOM TAT

Vi khuén lao Mycobacterium tuberculosis (MTB) 1a nguyén nhan truc tiép gdy nén bénh
lao phdi ¢ nhitng nudc dang phat trién. S6 bénh nhan dugc chan doan méc lao da khang thudc
(MDR) gia tang khong ngtmg trong nhirg nam gan ddy. Trong nghién ctru nay, chung t6i phat
trién mot quy trinh chan doan méi st dung hat tir nano chirc nang héa bé mat véi nhom amino
(NP-NH,) d¢ gin két v6i khang thé khang lao nham xay dung mot phuong phép dua trén phan
tmg PCR c6 tinh dic hiéu cao hon. Két qua cho thdy, phirc h¢ NP-NH,- khang thé tao ra nhd
phan tng gin két st dung EDC cho phép phat hién M. bovis trong vaccine BCG nhanh chong va
dac hiéu. Hé gen cuia M. bovis c6 chira trinh ty IS6110 dac trung cho vi khuén lao va thuong
dugc sir dung trong viéc phat hién vi khuén lao. Hon nita, khi dugc bao quan trong d€m PBS-
TBN & 4 °C, sau 4 tuan, phtic hé nay bén viing va cho két qua on dinh. Chinh vi véy thoi gian
chuén bi mau cho phan tng PCR c6 thé dugc giam xudng dudi 1 gio do khong con phai tinh
sach ADN. Nhom nghién ctru di thir nghiém kha ning tng dung cua phuong phap chan doan
nay trén mau bénh pham dom tir Vién Quan y 103 va budc dau da thu dugc két qua nhu dy kién.
Céc thi nghiém sir dung tir tinh cua phirc hé NP-NH,- khang thé dé phat trién bo kit tw dong hoa
dang duogc tién hanh nham tang téc d6 xir 1i va giam kha ning nhiém chéo.

Tir khoa: hat nano tir, phan tng gin két sir dung EDC, khang thé khang MTB, Mycobacterium
tuberculosis, chan doan bénh lao.

1. MO PAU

Nhimg nd lyc trong cong cude phong chdng bénh lao trén toan thé gidi da budc dau thu
dugc mot so thanh qua nhu 1a gidm ti 1¢ mac mai va ti I¢ tor vong do lao. Theo bao cdo Global
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tuberculosis control ciia T6 chirc Y t& Thé gii WHO nam 2011, lao phdi 1a bénh truyén nhiém
nguy hiém gay tir vong cao nhat thé gidi chi dung sau HIV-AIDS [1].

Ciing theo T4 chirc Y té Thé gidi, Viét Nam la qudc gia c6 ti 1¢ nhiém lao va lao da khang
thudc cao. Do chua c6 phuwong phép chan doan lao chinh x4c va hiéu qua, rat nhiéu trudng hop
miéc lao va lao da khang thudc khong dugc phat hién va chita tri kip thoi [2]. Nhitng nam dau
thap nién 90, mot phuong phip chan doan duogc phét trién dya trén trinh ty chén (IS-insert
sequence) IS 6110 trong h¢ gen cua vi khuan MTB va nhanh chéng dugc mg dung rong rai. Uu
diém cua phuong phap nay la d6 nhay va tinh dac hiéu cao do sir dung ki thuat PCR co kha nang
nhan biét va sao chép khuéch dai vé mat s lwong doan IS 6110 [3, 4, 5]. Tuy nhién, phuong
phap nay doi hoi thoi gian tach chiét ADN tir tmg mau bénh pham va gip kho khan do té bao
MTB c6 céu trac thanh té bao rat phirc tap, do vay qua trinh li giai t& bao MTB thuong it c6 hiéu
qua [6].

Nhimng nim gan day, su két hop giita hai nganh vat 1i va sinh hoc di tao tién dé cho viéc
ché tao thanh cong mot hé théng ban ty dong, st dung vat li€u nano dé tach chiét axit nucleic tir
té bao [7]. Céc hat c6 kich thudc nano mang tir tinh cho phép thao tac cung luc voi nhiéu mﬁu
bénh pham trén dia PCR 96 giéng, giip tang dang ké tdc d6 chan doan va giam thiéu yéu to
ngoai nhiém ciing nhu nguy co phoi nhlem dbi véi can bo xét nghiém, dic biét 1a trong truong
hop xét nghiém, chan doan bénh truyén nhiém nguy hiém nhu lao. Khong nhiing thé, loai vat
lidu nay con co thé duoc lién két v6i khang thé ddc hiéu, ting tinh chinh xac cho phuong phap
chan doan [8]. Nam 2012, Lisi va cong su da thiét ké mot hé thong phat hién nhanh virus Hendra
dua trén lién két dac hiéu khang nguyén - khang thé c6 gin chat danh dau huynh quang [9].
Dang chii y hon, sy két hop giira tinh dic hiéu cua lién két khang nguyén - khang thé, d6 nhay
cung tinh chinh xac cao cua ki thuat PCR c6 thé 1am ting rd rét kha nang phat hién ching
Salmonella trong dich huyén phu hdn hop vi khuan [10].

Trong bai bao nay, chung toi 1an dau tién gidi thiéu phwong phap chan doan lao sir dung hat
nano tir duoc chirc ning héa bé mit véi nhém amino - lién két v6i khang thé khang MTB nho
chit xiic tac lién két EDC va trinh bay két qua thir nghiém budc dau trén mau bénh pham (dom
va dich suc hong). Két qua nghién ctru mo ra tiém ning phat trién mot hé thong chan doan lao
nhanh, c6 d6 chinh xac cao va hoan toan ty dong.

2. PHUONG PHAP NGHIEN CUU
2.1. Gin khang thé khing MTB

Hat nano tir 1a cac hat oxit sat tir Fe;0, dugc ché tao bang phuong phap dong két tua dung
dich sét (IIT) clorua va st (IT) clorua véi xuc tic NH;. Hat nano tao thanh dugc dua vao dung
dich tetraethoxysilane (TEOS) dé boc silica. Huyén phu chira hat tr nano boc silica tiép tuc dugc
chuyén vao dung dich aminopropyl triethoxysilane (APTS) dé gan nhoém amino 1én hat. Nong do
nhom —NH, ¢ vao khoang xap xi 24 nmol/mg hat tir. Thanh phdm hat tir gdn nhém amino & dang
huyén phu trong nudc véi nong dd 5 mg/ml. Trude khi bat ddu quy trinh chin doan, ldy 50 ul
dung dich hat ttr, rira 3 14n véi dém lién két (phosphate buffered saline PBS, pH 6,5). Sau lan ria
cudi, t hat cting 71 pl dém lién két PBS, 2 pl khang thé (ndng d6 7 mg/ml) va 2 ul EDC (ndng
d6 gbc 250 mg/ml, Sigma). Hon hop duoc u ¢ nhiét dd phong trong 30 phut dé phan tung lién két
dién ra. Sau 30 phut, hit bo ph'?ln dich trong; phﬁn hat da duoc lién két khang thé duoc str dung
dé 1am giau Mycobacterium nhu trinh bay du6i day [11].

Trong thi nghiém thir @6 bén viing cua phic hé hat tir - khang thé, mot thé tich twong
duong 10 phan ung dugc bao quan trong dém PBS-TBN, pH 7,4 (dung dich PBS bd sung
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0,01 % Twe§n—20, 0,1 % BSA va 0,05 M Na}N3) va gitt & 4 °C. Tai méj thoi diém thir nghiém,
rut ra mot thé tich twuong duong 1 phan ing dé tién hanh lam giau vi khuan Mycobacterium.

2.2. Lam giau vi khuén lao, ly giii té bao va khuéch dai doan 1S6110

Hat tir amino gén khang thé khang MTB dwoc 0 v6i 50 pl mau (mau dom hodc vicxin
BCG) trong 45 phut ¢ nhiét d6 phong. Chd §: mau bénh pham dom can duoc khir nhiém voi N-
acetyl L-cysteine (NALC) va NaOH. Sau thoi gian 1, hut bo phan dich trong rdi thém 50 pl dém
TE (Tris-EDTA: 50 mM Tris, | mM EDTA, pH 7,5). U hdn hop & 100 °C trong 15 phut [12].
Sau khi bo hat tir, ADN trong phan dich trong duoc str dung lam khuén cho phan tmg PCR st
dung cip moi thiét ké dac hiéu cho doan IS 6110 (cung cip boi IDT) véi chu trinh nhiét 1 x
95 °C, 5 phut; 40 x (95 °C, 40 giay; 65 °C, 30 gidy; 72 °C, 30 gidy); 1 x 72 °C, 7 phut; 4 °C, oo.
San pham PCR dugc dién di trén gel agarose 2 %.

2.3. Phén tich thAm tich mién dich diém (dot-blot)

Mang Hybond (cung cip bdi Amersham) dugc sir dung dé phan tich thAm tach mién dich
diém. Vicxin BCG (hodc mau bénh pham dom da xir 1i) dugc chim 1én mang (da xur i bang
methanol va can bang véi nudc). Doi mau kho, dem mang xir 1i v6i 5 % BSA PBS-T dé tranh
lién két khong déc hiéu, ria 3 1an (mdi 14n rira 10 phat bang nudce cit) sau d6 0 v6i khang thé so
cap (khang thé khang MTB, Abcam, pha lodng 1 : 10000) trong 1 gio ¢ nhiét d§ phong. Rura 10
phut rdi tiép tuc 1 mang v6i khang thé thir cip (Khang thé anti-mouse gin Alkaline Phosphatase,
Promega, pha lodng 1 : 4000) trong 1 gi®, nhiét do phong). Cudi cung, ding co chit BCIP/NBT
trong d¢m AP dé hién mau.

3. KET QUA VA THAO LUAN
3.1. Tac nhén lién két EDC va t6i wu héa thoi gian phan ing lién két

Hat ttr nano duoc g:fm nhém amino nham muc dich tao lién két voi nhom carboxyl trén
phan tir khang thé. 1-Ethyl-3-[3-dimethylaminopropyl] carbodiimide hydrochloride (EDC, hay
con goi EDAC) dugc chon lam tac nhan tao lién Kkét truc tiép gitia hat tr va khang thé khang
MTB. EDC bj thity phan va bt hoat rat nhanh trong dung dich. Tuy nhién hiéu suat cta phan
(g lién két van c6 thé ting 1én bang cach diéu chinh ndng d6 cac chat tham gia phan mg, thanh
phan dém lién két va pH cta dém. Chiing t6i thir nghiém ba hé thong dém: PBS, MES (2-[N-
morpholino] ethanesulfonic acid) va ethanol & 5 pH (4,5; 5,5; 6,0; 6,5 va 7,4). Theo Nam va
cong su [13] st dung hé théng dém ethanol c¢6 thé lam cham qué trinh thay phan EDC. Mat
khac, chiing t6i sir dung cac nong do EDC va ti 1¢ EDC/khang thé khac nhau. Diéu kién t6i uu
cho phan tng lién két 1a dém PBS pH 6,0 voi ndng d6 cudi cung cua EDC va khang thé khang
MTB 14 6,7 mg/ml va 0,2 mg/ml (két qua khong trinh bay tai déy). Tuy nhién, tbc do phan tmg
lién két gitta nhom amino va nhom carboxyl cua phan tir khang thé phu thugc pKa ciia phén tir,
vi vy d6i v6i khang thé khac, diéu kién t6i wu cho phan tmg c6 thé thay doi.

Nhu di nhéc t6i & trén, sy thy phan nhanh chong cia EDC trong dung dich lam giam déng
ké hiéu suit cta qua trinh lién két. Chung t6i tién hanh cac thi nghiém t&i wu thoi gian phan Gng
lién két, va dua dén két qua: thoi gian t6i wu cho phan 1 ing la 30 phut (hinh 1). Déi v6i phan tng
c6 thoi gian u 120 phat, hau nhu khéng thé quan sat thdy tin hi¢u hién trén gel agarose — cho
thay luong khu6én ADN, dong nghia voi lugng té bao vi khuan gin vao phue h¢ hat tir - khang
thé 1a rat it, do lién két EDC khong hiéu qua. Cac thi nghiém ciing cho thay nhiét d6 u phan tng
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cling c6 anh hudng dén qua trinh lién két (két qua khong trinh bay tai ddy); nhiét d6 t6i wu cho
phan tng lién két 1a 22 °C.

Is 30 45
+) 1 1:5 1:25 1:125 1:625% 1 1:5 125 1:128 1625 1 1:5 1:2§ 1:125 1:62%

200bp
L00hp

Hinh 1. Téi wu héa thoi gian u phan (mg lién két tao phirc h¢ hat tir - khang thé (thir ty mau: dbi chimg
am, thang chuan 100 bp / doi chiing duong, phirc hé vai thoi gian 1 15, 30 va 45 phit vai vacxin BCG pha
loang ti 1€ 1, 1:5, 1:25, 1:125 va 1:625).

3.2. Hiéu suét phan t&ng lién két va d bén virng ciia phirc hé hat tir amino - khang thé

Dé thir d6 bén vitng ctia phtrc hé hat tir - khang thé, mot thé tich twong dwong 10 phan tng
lién két duoc bao quan trong dém PBS-TBN; tai mdi thoi gian thir nghiém, la"iy mot thé tich cho
1 phan tmg dé 1am giau vi khuan (chi tiét xem trong phan 2 phwong phéap). Két qua & hinh 2 cho
thdy, phirc hé van 6n dinh sau 28 ngay. Luong khudén ADN thé hién cho sé lwong vi khuin gin
duogc trén hat gan nhu khong thay ddi trong thoi gian thir nghiém. Tinh bén vimng cta phirc hé 1a
mét loi thé va day la co so cho viéc ché tao bd kit chan doan nhanh sir dung trong cac phong
kham lao.

A MO0 1 4 7 10 14 21 28

1000 bp

500 bp

250bp 249bp

Hinh 2. Thir 6 bén viing ciia phirc h¢ hat tir - khang thé (thir tw mau: d6i chimg 4m, déi chimg dwong,
thang chuan 1 kb, phirc hé str dung tai moi moc thoi gian thir nghiém tir 0 - 28 ngay).

Mot tiéu chi khac dé danh gia higu sudt clia qué trinh lién két 1a lugng khang thé khong gin
hat con lai trong phan dich trong. Chi s6 ODyg do duoc thuong & muc xap xi 0, nghia 1a hau nhu
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toan bo khang thé di tham gia gin két 1én hat tir amino. Tuy nhién, két qua phan tich tham tach
mién dich diém (dua trén phan tng mau cua khang thé thir cip gan alkaline phosphatase) cho
thy lugng khang thé khang MTB gin 1én hat chi vao khoang 85 % (két qua khong trinh bay tai
day). C6 thé giai thich sy chénh léch giita 2 két qua do nay 1a do h¢ thong AP c6 do nhay cao va
it bi anh huong nhiu so véi do bang may quang phd ké.

3.3. Do dic hiéu va do nhay ciia quy trinh chin doén lao thir nghiém trén vicxin BCG

Chung 61 sir dung vic xin thwong mai BCG (cung cap dudi dang bot) dé tién hanh thir
nghiém quy trinh chan doan. Mdi 6 ong vacxin dugc thém nude cit khir tring, khr ion t6i thé tich
cubi cung 0,5 ml. C6 thé udc tinh nong d6 vi khuan bang phuong phap cua Sutton [14]. Pé danh
gia do nhay cua phuong phap, chung toi kiém tra véi cac nong do pha lodng BCG. Két qua cho
thdy (hinh 3A), & ndng do pha lodng 100 lan, biang san phim nhan doan IS6110 van co thé quan
sat thy trén ban gel agarose. So v6i phuong phap dang sir dung trong phong thi nghiém gdm hai
qué trinh 13 tach chiét ADN va khuéch dai doan IS6110 khong st dung khang thé khang MTB,
phuong phap nay c¢6 d nhay cao hon 10 lan. Tuy nhién, cip moi dic hiéu cho doan IS6110 co
thé phat hién mot lugng chi 10 femtogram hodc luong tuong dwong véi 3 bd genome cua vi
khuan. Cac thir nghiém t6i wu van dang tiép tuc dwoc tién hanh dé ting do nhay cho phuong
phap.

Do dac hi¢u, hay chinh 1a kha nang giam thiéu tin hiéu nhiéu, 1a mot tiéu chi quan trong dé
danh gi4 hiéu qua ciia mot phuong phap chan doan. Mau bénh phim (phan 16n dugc sir dung 1a
bénh phdm dom) thudng c6 chira ca cac vi sinh vét khac c6 thé gay nhiéu cho két qua chan doan.
Doi v6i mau bénh phdm dom lao, co thé xir 1i khir nhiém bang N-acetyl L-cysteine-sodium
hydroxide (NALC-NaOH). Tuy nhién, phuong phap nay khong loai bo duoc hoan toan cac yéu
t6 gay nhidu néu c6. Bén canh cip mdi thiét ké dic hidu dé khuéch dai trinh tw I1S6110, khéng
thé khang MTB hoat dong nhu mot cai sang, chi giir lai khang nguyén MTB. Trong nghién ctru
ndy, chung t6i s sung khang thé khang MTB da dong, nham ting t6i da sy gin két cia cac loai
khang nguyén trén bé mat vi khudn MTB.

O M ® 1 12 L5 1:20 1:50 1:100 1:200 1:500 1:1000 O M ¢ BCG B P

500 bp
249bp 500
200bp "

100bp 249bp
200bp

100bp

A B

Hinh 3. A: Do nhay cta cip mdi thiét ké didc hiéu dé khuéch dai trinh ty 1S6110
(thtr ty mau: dbi chimg 4m, thang chuin 100 bp, d6i chimg duong, miu BCG pha lodng ti 18 10° dén
107 B: P dic hiéu cua khang thé khang MTB va cip moi thiét ké cho doan IS6110
(thér ty mau: dbi chimg 4m, thang chudn 100 bp, dbi chirng dwong, mau BCG, miu vi khuén:
B. - Bacillus licheniformis, P. - Pseudomonas mendocina).
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Do dic hiéu cua quy trinh duge kiém tra bang phuong phap tham tach mién dich va ki thuat
PCR. Phtrc hé hat tir - khang thé dugc sir dung dé lam giau vi khuan d6i voi mau vi khuan lao, B.
licheniformis va P. mendocina. Thi nghiém phan tich thdm tach mién dich diém cho thay: phan
mang tham vécxin BCG giit lién két v6i khang thé khang MTB sau nhiéu lan rira, thé hién ¢ mau
tim cta co chat AP trén mang. Két qua PCR khi str dung cap mdi thiét ké dic hiéu cho doan
IS6110 chi co mot bang duy nhit & 249 bp nhu dy tinh dbi véi mau BCG va khong cho san
pham khuéch dai v6i vi khuan B. licheniformis va P. mendocina (hinh 3B).

3.4. Li giai té bao Mycobacterium va ti wu thoi gian

Li giai t& bao 1a budc rat quan trong trong cac quy trinh tach chiét axit nucleic ndi chung va
quy trinh chan doan MTB ndi riéng. Té bao vi khudn MTB c6 céu trac thanh té bao dic biét, rat
bén véi chét tiy, thudc nhudm va mot sé hoa chat thuong st dung trong cac dém li giai. Co thé
str dung phuong phap vat 1i, hoa hoc va sinh hoc dé li giai té bao MTB; trong d6 cac dung méi
hitu co cho hiéu qua cao nhét [6]. Tuy vay, st dung hoa chét ¢6 tinh doc hai cao yéu cAu céc
thao tac xur li dac biét, co thé mat thém rat nhiéu thoi gian. Nam 2002, Amita va cong sy da thuc
hién thi nghiém xt i mau vi khudn MTB ¢ 100 °C va két qua cho thiy té bao vi khuin MTB
duoc 1i giai gin nhu hoan toan [15]. Nam 2010, Awua K. A. va cong su d3 so sanh céac loai dém
dugc bd sung véi mot sé thanh phan hd tro li giai [16]. Dé kiém ching hiéu quéa cua cac loai
dém nay, chung toi thir nghiém li giai té bao MTB véi cac loai dém khac nhau co bd sung cac
thanh phan nhu SDS, Triton X-100, lysozyme, proteinase K, két hop véi siéu &m pha té bao, xir
1i sbc nhiét, dun soi... Loai dém dua lai hiéu qua tdt nhét, s& duoc st dung cho cac thi nghiém
tiép theo 1a dém li giai co Tris-EDTA két hop xir li mau ¢ 100 °C.

3.5. Thir nghi¢m trén miu bénh phim

) M (+) NP1 81 NP2 52 NP3} 33 NP4 54 NP5 55 NP6 56 NPT 37

1000 bp
500bp

250 bp 249 bp

Hinh 4. St dung phirc h¢ hat tir-khang thé dé phat hién sy c6 mét cia vi khuin MTB trongnmﬁu bénh
phim dom (thtr tw mau: doi chimg am, thang chuan 1 kb, doi chimg dwong va mau bénh phdm so 1 - 7.
Phan bam trén hat NP va phan dich trong S).

Mau bénh phém dom thuong ¢ trang thai nhét, co thé can tré su tiép xuc cua phirc hé hat tur
- khang thé t6i vi khuan MTB (néu c6) trong bénh pham. Do viy, voi cic mau bénh pham da
duogc chan doan dwong tinh, trude tién chung t6i tién hanh siéu 4m, sau d6 lam giau MTB bang
phuong phéap sdc nhiét (déng bang & -20 °C trong 20 phit trudc khi dun s6i). Két qua & hinh 4
cho thdy phirc hé hat amino-khang thé c6 kha nang gan két rat hiéu qua v6i vi khudn MTB trong
mau bénh phém, vi thé khong hé ¢6 tin hiéu ctia doan 1S6110 tir vi khuén con lai trong phﬁn dich
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trong d6i voi tit ca 7 miu thi nghiém (gleng s6 1 - 7). Thoi gian dé thyc hién toan bo quy trinh
chi xap xi 1 gio, nghia 1a bang mot nira tong thoi gian tach chlet ADN theo phuong phap truyén
thong Thém vao d6, quy trinh cho phép sang loc mét cach rat dic hiéu nho khang thé va doi hoi
rat it thao tac thuc hién so véi qua trinh tinh sach ADN thong dung, do vdy da giam dugc cac
budc rira va li tam. Piéu nay dong thoi ting tbc d6 chan doan va giam thiéu ngoai_ nhiém. Tuy
nhién, dé so sanh chinh xac hiéu qua cia hai phuong phéap trén mau bénh phim cin thém cac
phan tich cu thé bang ki thuat real-time PCR.

4. KET LUAN

Chén doan sém bénh lao dong vai tro dic biét quan trong trong diéu tri va ngin ngira bénh
lay lan. Hién nay, nho sit dung ki thuat PCR dé khuéch dai trinh ty IS 6110 dic trung cta vi
khuan lao d3 giup chan doan nhanh chi sau vai gid. Bén canh d6, viéc lién két khang thé khang
MTB Ién hat tir nano lam tang rd rét tinh dac hi€u cho quy trinh chan doan. Do phttc hé hat tur-
khang thé vin bén viing sau thoi gian 1 thang, ¢ thé luoc bo giai doan gin khang thé 1én hat tur
cho mdi lan chan doan va vi vy, giam thoi gian thuc hién toan bd quy trinh xubng chi con
khoang mét nira so véi phuong phap tach chiét ADN truyén thdng.

Loéi cdim on. Nghién ciru nay dugc sy gitp d& tir Dé tai 2/2010/HD-NCCBUD cua B Khoa hoc va Cong
nghé Viét Nam. Chiing t61 xin chan thanh cam on cac dong nghiép tai Vién Quan y 103 da cung cap mau
bénh pham st dung trong thyc nghiém.
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Quy trinh phat hién vi khuan lao Mycobacterium tuberculosis st dung hat ttr nano ...

Mycobacterium tuberculosis (MTB) causes one of the most dangerous lung diseases that
hazard developing countries, with the number of patients diagnosed with multi-drug resistant
(MDR) strains is increasing significantly. In this study, we have developed a new diagnostic
procedure using magnetic nanoparticles functionalized with amino group (NP-NH,) to couple
with anti-MTB antibody for a more specific PCR-based detection method. The results show that
the NP-NH,-antibody complex generated through EDC coupling allows rapid and specific
detection of M. bovis from the BCG vaccine which possesses the signature IS6110 sequence
widely used in MTB diagnosis. Furthermore, as this complex is stable and provides reproducible
detection for at least four weeks when stored in PBS-TBN buffer at 4 °C, the required time for
the whole procedure to prepare samples for PCR could be completed within an hour due to the
elimination of the DNA purification step. We have tested this method on sputum samples
collected from Vietnam Hospital 103 and preliminarily validated its feasibility. Further
experiments are underway to employ the magnetic feature of the NP-NH,-antibody complex to
develop an automated kit which facilitates high throughput screening and reduces contamination
risk.

Keywords: nanoparticles, EDC coupling, anti-MTB, Mycobacterium tuberculosis, MTB
diagnosis.
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