IR R AR A A I 2R TR e 1 5 TS ST

"

=

X ¥, BFW, F om, E X, B

(VLR R2F Y TR L9808 214122)

WE. VOBABRIBFTHRLARESFRAFRAAEXNAKR, 4P LA S 5K THEES T
16S rRNA &3+ — A BRIRAT, E 3 T X F MR B EATE WA T F 54760 37 B o) ot ig 22
A ok AT KSR &, SREAW, S S BER IR E A 42 Chl, 3F 7047 B B s 4K
HESTFAAFFINRE - ABANLELE, SHERAFETHRAZAEREHN A 5 nmol/L, 5
DHTIRAT J6 SR AR A 50 °C, 2% B 1) 2 B A 60 min A= 15 min B, 43 5 6958 55 5 4 A 4K
ZRIFHERMEE R EFEIE TN, RAE 55 1.33x10% cells/mL, A7 HERAET — APk e
BEZHEMNBER, EARIFO LA TOBABIET FIAFA B ETENGHE S,

KER . MM XH AR T E B ;16S IRNA; £ 4, £ &

RESES Q815 XHMIEEMB.A XEHS:1673—1689(2015)02—0175—08

Development of A Novel Microplate Sandwich Hybridization Assay
for Detection of Bacillus

LIU Ting, FENG Shoushuai, XIN Yu, WANG Wu, YANG Hailin"
(School of Biotechnology, Jiangnan University , Wuxi 214122, China )

Abstract: In order to detect bacteria from the complex ecological environment for liquor—making,
we developed a novel and efficient assay for identification and quantification of bacteria.We selected
Bacillus to be experimental bacterium.Three oligonucleotide probes targeted 16S rRNA of Bacillus
were respectively designed.Then the assay based on microplate sandwich hybridization assay with
the aid of S1 nuclease treatment (S1 -MSH)was developed. Meanwhile,several key operating
conditions were respectively optimized.The results showed that the probes targeted Bacillus showed
high accuracy for distinguishing homologous species such as Staphylococcus ,Acetobacter and
Pseudomonas. Besides,the assay could distinguish homologous species with the exclusion of even
only one base difference when the reaction temperature of nuclease S1 was 42 °C .When the
concentrations of capture probe and signal probe were 5 nmol/L,the hybridization time were
respectively 60 min and 15 min,and hybridization temperatures were 50 °C,the color intensity was
positively linear related to the cellular number,and the detection limit was low to 1.33x10° cells/mL.

Therefore , this assay method could be applied for identifying and monitoring Bacillus during liquor

WKimBH: 2014-01-03
E£TH: F% 863 115 A (2012AA021302)
*EEEE: HIERE(1971—), B LB, T B BRS04 S0, 224 ) K B0 A S 1 BT o3 1 4l Ak 5 T O BIF S .

E-mail : 19891996@sina.com ; bioprocessor@aliyun.com
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fermentation,and the research offers an efficient method for rapid identification and quantification of

microbiology in the liquor fermentation process.

Keywords: S1-MSH, Bacillus ,16S rRNA ,identification , quantification

PP S RS KRN 2 — IR A, Il
P 15 S 2 A AR AR R i AR, AR R 2
TR P s S Fe b (S TR ZF IR TR JE A A
S, R DR AECRY , ELAT K A B 1R BE R 1
BV R B T DL SR AR 3 A SRR R
T T v o 0 7 I AR A BB 6 A R KU
T R B TTERE, 45 b R SY 2R AR R AR
T 2 Wt AR v A B AR AL AR X (il A R R
B Y PG & B D R W AT A e A AT
()75 A PCR R | A8 PER B2 LUk DNA 7

G ) IS o BT 45, X SE Tk R 25 A 44 1) DNA
PRI Al 20 PR FE I FE Ty, A SR S 1 U
Fr I s

hy SIS T e B DR SE P R A AR
ORI ST A S P T D1) B B R T 5 AR A DI A, ) L
HE AR, 45 5 BT Y TAORAZ IR 2% 58 J7 27 A X
AT G S T — b RO R S R A RO
W 1R 2% 3¢ 77 ¥ (Microplate sandwich hybridization
assay with the aid of S1 nuclease,S1-MSH), H 53

BUNES Iy S

@ Sl nuclease

16S rRNA @

Probe-B.915 l
IIIIIIIIIIIIIIIIIIII 7 Illlllllff;l.LHrJ!!;!llllIIIIIIIIullllllll

‘ l S1 nuclease

~[> FITC

€ - Imnm g -

i denature

Probe-B.915 aND

+ strepadivin,SA
S=={igp anti-FITC-HRP

B biotin

FITC

SP
signal

Q
a7

e

S1 Nuclease Protection

Microplate Sandwich Hybridization

Signal Detection

Bl iRz AReEE
Fig. 1 Schematic of SI-MSH based 16S rRNA

YT 16S rRNA JF 41 BEARSF (A T
R ) 5 D1 AR Z2 HAH G e (il F e A )
DAL i w6 A A BT A v e R S M XK
THRER , 35 05 5 6 A R 52 B RE & b 40 7 1
JE M E AT AR i T — R R S R
S 16S TRNA F BL B b8 5 P 20 B #R £F (analysis
probe , AP; Probe-B.915) , 5 75 #r 4 £ 19 WA 3465 43 1) .
A AR E (CP) B A5 5 3R (SP) o 4H M Al B ¢ il
i 16S rRNA, 20 B #84T Probe—B.915 5 24 i i b 1
rRNA 7312238 J5 & i DNA/RNA Ze 54K 45 &5 R
S1 i PRI AL TH AP B 5 1 DNA 5 RNA 431
LA M DNA/RNA 2 G ARBRIC I H 73, BN 5 HAs

RNA 43 F 5O A 4519 DNA/RNA 2% 4 R, 28 75
RS R R R A9 4 AT AR BT SR A R v B

K, 5 UG I E 7R AL AR b B PR B A3 A
POCREIMCHE TR 5 AL, MR ES

&, BRI S BRI P oL R ik 5 Lk
FAZE A RN, A TMB il i & (5 52 0 352 HY K
WHES, ARG S 555 nTif 5 TRNA PSR 4L
i, DT S BEGHRE i eb 40 B E T

A
11 ##E5iEH

W F U (Bosubtilis) . % BB B (P,

1 #RSHE
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putida) F1EL [CBE AT B (A.pasteurianus ) - HAE 3 FT 1€
S B AR AT 4 000 4 BR A (S.aureus ) YL
B R U IR & 4 it

S1 Nuclease: W T =9 T/ (Ki#E) A R
5 BUR i S AL Y AR 1 Y 9O R BUR (Anti-FITC-
HRP): W H 3 [ Southern Blotech /A7) ; % fiff 35 Al
. WFIaERELEY AR 4 S HEA
(BSA) . TMB(3,3",5,5— P4 F B¢ A i 4R g 5k —7K)
M DEPC . 1 F LA T A9 TRE S A5 HoAth 500 1
ol T
1.2 LWHZE
1.2.1 Bacillus & #5438 443 2l B8 9 R I 5
U1 3 S R B AL A BRE ST BRI 43
BraREr Al AR FE S5 5 IREF M OC R WL 1,
B A&T5 2% . DNAMAN #5387 Bacillus J& BT A F
1) 16S rRNA J7 51, # i Bacillus J& 16S rRNA J7 51
HPRSF B, % Bk R B (KT 60 bp)i#£ 17 Blastn
S, el HAREE 168 rfRNA JF 45 HAb i (A
J& ) 22 W K IX 48 (16S rRNA H 915-975 [X I8 1y J&
RSP ), I X T B 8%t (Probe-B.
915) ¥ iR o3 T4 Probe-B.915 FRX 47 Blastn
AT BRI ET B A S B v, R
i Probe-B.915 J¥ 41 & 1140 I A 4 AR TR 51 A1 {5 5 4R
Bf BRI AR T AR
1.2.2 AR BR Je A H R

1) FARRAET B 1 . m LR oA 100 pl
A5 we/mL BEEEE AR A (15 mmol/L
Na,COj3,35 mmol/L. NaHCO;,pH 9.6) ,4 Cit % )5 , Hl
PBST (% 0.5% Tween 20 ) 0.01 mol/L. PBS) %t % .
A% 0.1% BSA ¥ PBS 2% #h i (0.01 mol/L,pH
7.2),37 °CEHAI 30 min, PBST ¥E¥% . [ b ik i L #
A 100 pL.5 nmol/L i 3k 4, 28 sl PBS
(0.01 mol/L,pH 7.2),37 C## ¥ 2 h, F PBST %
Ja TR R 24 58

2) MWK 52 . PRI Bosubtilis PR VE T
LB 5557037 CHE 7= 20800 . H 20 mL 1#3#, 10 000
r/min B0 10 min, 2% FIE W K R AR T 20 mL 24
fit W (80% H Ik B ,450 mmol/L NaCl,5 mmol/L
Na,EDTA, 1% SDS,pH 6.4), £ 50% 425t 250 W
ZMF R S RN 10 min S5, T EF 4309,
B 27 L 40 B 240 WOR 3w 19 50 BT 44841 Probe—B.
915(500 nmol/L) T 2 mL B> /| it A30 wL A7

1,95 CALFH 15 min )7 ,324 °CZ%321 h,

3)S1 AR A 34T . 10 EIRIR AR oA 30
pL & A 60 U S1 A% 8 B /9 22 s i (1 mmol/L
ZnS0,,30 mmol/LL. CH;COONa, 280 mmol/L. NaCl,pH
4.5),37 CRM 1 h, A 150 WL 281k 2% #h ik (62.5
mmol/. NaOH,30 mmol/LL. Na,EDTA,350 mmol/L
Na,HPO,, 150 mmol/L. NaH,PO,,pH 7.2),95 °C 4t #
15 min, B H 5 H TR IR 4258

4) MR A TR 2% 28 - B 1 3R ) 100 L A
) [ A AR A IR AL AR | R R R IR 5 R A

2435 1 h(51 °C 600 r/min) ,PBST ¥&¥% ; 4L A

A 100 wL.5 nmol/L MY 15 & ¥4 (2% vl 18%
20xSSC, 10% H' Bt ¥ ,0.02% SDS,pH 7.2),50.7 C .
600 r/min Z%%Z 30 min,PBST ¥t % ; 4EfLANA 100
wL HRP-#11& (FH 0.19%BSA $% 1:8 000 H {1 F7 ) ,
37 CJ B 30 min,PBST PE¥% ; &AL A 100 pL
TMB W (1%TMB, 100 mmol/L i FR -7 15 ik 2%
M, 0.1% H,0,,pH 5.0),37 CALFE 15 min; & LN
A 50 wL.2 mol/L i g 2 1k s e #E 450 nm Fl
630 nm FH R KA 503 e S WOE (ST-384 fiff
P, A ILFEREMHARARAA), 1455
O D45()/0 D63() o
123 #aFE K FraXFral X om ekt &
i1 8 AR B IEE R E (0.01~100 nmol/L) 9 A
[ 2222 HELE (30~70 °C) Fll 8 AN [R] 2% 32 Bif ] (5~180
min) , $% b3R5k HEAT S5 40 BT A [R] S 44 R A
g Siip AN
1.2.4 SI1 BBadni8 B RARAT A S R iE X B B
TR R AT I 0 RN T L TS AT o A
TR R Bk R =X BN, HE 1.2.2 BTk ik U AR
AbFE DL 20 A RE S S A ZE AR TR R PR 61T
PRET R S MR IR IE SC 5, IR RFSER TR ST it i 1) it
J¥ (32,37 .,42 C)XHREHFE S PE RS2
1.2.5 #emlvh&ey s WA Bosubtilis Y1726
FHZLfRIE 2 52 0 B 2L kA5 12 R . Ak
S 0 TR MR A TR 4 28 H2 R HEAT 4y B, AR A% OB (E
OD s/ ODyso X 40 T & 5 1) A AT il 26 (R BRI £8) |
126 MIBBREIHARG T ZHNE®  4iE
(18 S R DN« o AN [) o T R 2E LR R (3 5 A
T it ) 43 90 ok W A T 4% 38 2 AR R o kAR 8 k3 4
PIRN 7 13647 8 RO 1 LA

TR VAT 28 F00AT B A e R I 43 530 D ot 3K Al
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BT X Bosubtilis \P.putida A.pasteurianus F1
S.aureus THEC, ¥ EIHEHY B.subtilis Z4RW 5 5%
BB E 4 DL, i A B S A
P.putida A.pasteurianus Fl S.aureus [ W& R T,
PN AZ IR A 38 2 AR 25 JAT 1 547 5 1 0 A o

|2 @25t N

2.1 FRFEBEHFRST R
B ZEFAT 1 R B R SR T R4 (Probe-

B.915),K % 60 nt,GC & i 40%~60% , A & W &k 1)
TR, WA KT 4B AR S %
FFA15 ZE AT 1 8 R 57 T RNA F BeE Ah; 3R
K25 25 nt,5  diknic A 4% &K (Biotin) , 55 Probe-B.
015 A9 3° K v H A ; 17 S B E K 25 25 nt, 55 Probe—
B.915 19 5 % 9 B 4h . Oligo 43 #71 #R A4 VA R 41
SH, BT S B AR — 3, Probe-B.915 %
PREF BP9 e S 80 3% 1081

®1 FHAFEEBEHRNESFS
Table 1 Sequences of detection probes for Bacillus
F31(5°-3)

e AR

Probe-B.915
i3 HE Biotin-5"~ACCAGAAAGCCACGGCTAACTACG-3’
{5584 5'=GCGGTAATACGTAGGTGGCAAGCGTT-3’—FITC

22 HERERHEESHRAIEREREIESH
A
P 2 R0 A [R) e BB 1 A AR 4 At 18 2 7 Bl fL
M b, ke G I 28 B A B 1) 43 BT R &1 (AP Probe—B.
915), & IR IIAE 5 il 2 4 R e B2 i) 184 K 48 ot
MR IRE MR EAE 5~25 nmol/L BF | G iy 28 JE A
AR 24k B AR 3] 0.1 nmol/L A1 0.01 nmol/L B},
R A 5 R MR A AIG ;204 4 AR 40 B ok B 4 n &) 50
nmol/L, & 100 nmol/L B, % {5 5 F4 A £ = , {H &
2SR (E 2a), Il SAS R BE (9 5 5 48
B FH A A T 528 2 B ) 43 BT AR A B, i SR A =
Wit {5 5 4 A e B %) 3 R G 58 5 A S R Tk A
5~25 nmol/L B, K il £k FEAAH ] ; WAL T 1
nmol/L B, K i 15 5 B S B AIC ; 2445 5 TR EF ok B 44
J#E] 50 nmol/L 1 100 nmol/L B}, #1554 H 12
B 2b) o LA R, B 5 nmol/L A Rl 2k B4
FAGSHRE I TAEH RS
24-

2.0

1.6

- lgAP/_(%mo]/L)_l
(a) ARIRE M AL

5’-AACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGT-3"  57.4% 61 nt

542% 24 nt
53.8% 26 nt

SP T AW

2.0F —=— 100 nmol/L
—e— 50 nmol/L

B lgAP/(;lzmol/L) !
(b) fF IR AL 1L
2 RETH TIEREXRNE S B R0
Fig. 2 Effects of probes concentrations on MSH
23 MWRERBREZIEPEZEENRNESH

#

O3 AL AR SE BT Bt DNA Ry P
B T8 Y AR AT U B R A TR O T 2 A8 T Y O B TA R
Z— o ZRACURE AT aE i e g A

T,=81.5+16.6xlgM+0.41x (G+C)%-500/n-0.61x%
(LR %) .

Horb M ol Nat W B2 n I BREH RO 2 28 1 (A
SR A, B RE YR B mer) o

DNA 5 DNA [H] (9 04T 2% 20 B — M b 7, {8
fif 25 °C., MR FR ARG 2 0 AT 4R 55 4 3k
REFZRZCIRIE R 51 °C, Wkt 515 5 e ) 24
SN 50.7 C L EFELUR 9 AN HEAT I
HWTFE, 4 2R ILIE 3,
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1.4~

—=— CP-APZA5 R
1.2L —— SP-APZLAZ L
1.0+
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REEC
3 EXRBENRMNESHZNE
Fig. 3 Effects of hybridization temperature on MSH

SRR, 50 CIE, AT RS 5 AR R A 2%
SEAF S AH iR 45 CHI 55 CIfE 5 54 A,
Horp 55 °C5 50 CHZEAK; MR 5155 %
BHAYZRSCAE 50 CARTT IR iy KL 45 5,45 °CHI1 50 °C
25 RAH2E R K, 7E 55 CHEF R TR, iR sui sl
REGHISEMY G, HE8E 50 CHER 73 Hr 54 43 51
SRR FE S IR P AL A S IR EE
24 WRZBAXIITIERPEZHESREZIHEDN
KE

Xt 2% S8 RO VAL 1 £ 79 0 T SR AT RO 5
pmol/L, 3 AF 431 AT 5 Hi I ) X 2% S RHCR 9 500 , 3R
PN S ROE G 7 W R BE AR R

P 4 W], 24 H At 2% 1 181 58 AN A2 I 23 A7 4R B
SRR BT (CP-AP) B9 4% S BCR A8 K2 1] 2y 90
min I 55z 5 (8 SCIH I ARAT I 2% S8R0 100% ) o 2%
SEIFIA] DT 90 min W, 2% S8 AR Bt 35 6 (1] f) 228 1< T
RO, A 5 BE A I IA) A 2k 22 4E K 3 90 min
i, 2R SRR S [, 7E 120 min A1 180 min i )
5553518 97.79 %F1 96.09 % (/& 4a).

110,
100
9
80
70
60
50
40
301/
20}
10}

—_—

TRAETR %o

0 L L L L L L L L L '

0 20 40 60 80 100 120 140 160 180 200
ZE AL} ] /min

(a) CP-APZEAE I [H] 5 4258800 %

110~
100
90
80
70
60
50
40
30
20

—=— CP-APZ4ACHY[A]: 60 min
—e— CP-APZE5CHT[E]: 90 min

e

0 2.0 4.0 6;() 8.0 lb() 1.20 1210 1.60 1.80 260
ZRACINE ) /min
(b) SP-APZAR A ] 5 24 58 300%
B4 $RETE 3 ATE X R E N
Fig. 4 Effects of hybridization time on MSH

WETE W B 5 15 5 4R BT (SP-AP) 2 ZZ I ] X%f
H 38 RO R W B, CP—AP (1) 2% 22 B+ 8] % &8 60
min i1 90 min (] 4b) . Z55 KW, 24 CP-AP Z& 5}
6] 90 min,SP-AP Z%ZZ I 8] 2 15 min I, 349
17 5 A6 DU 5 e, o L P 1) % 52 B E R 100 %, 24
CP-AP %422 ) [0] 2 60 min B , SP—AP Z% 38 i [i1] 78
15 min W, 345 e BRGNS 5 o P 2H 92 36 45 SR A
UL TE 15 min Z R, 4% 58 880CR B A 2% 22 I (] f SiE 1
M58, 15 min J& , B I A] B9 28 4 PRET A28 30%
B FEAR , B2 — 41 R RS R0, JEL A nl fE g2
FeAZ I [ KA 51 DNA 4R EF Y REfif, 5 B0 A5
SRR B B R A RIS SRR A W oy
Fr 2R S 55 4 SRR B AR 5 SR BT 5 P 2D J 5k ) 43
5124 60 min A1 15 min,
25 BHEHeNEEFERIE

A5 Tl JE R e B PRET PR 81 R 2 S8 SR BT Y
R S P T ) 2% AP X T A S BRI
e P P K e b B %8 TR AT TR o 2 BK T e
M B JE R i R A 28 AT TR RS I AR B 04 R e 1 R
UESEHRRR R ST M D) I 1 B 32,37 .42 C,
FHZEFAT b1 J A I AR B 0 01l 7 L3 i 2 A PR
B LE 0K B (B.subtilis ) , 2% 5 AR 5L B (Pputida)
G AT B (A .pasteurianus ) F1 4 B (5,8 %45 2K 14 (S.
aureus ), FHERFEWH, 7EX =NEE T, Probe-B.915
fie 3B B.subtilis 5 P.putida 1 A.pasteurianus ,{H 2
A HBEYI N 42 CF, A RS AR Mo 73 B B.subuilis
N S.aureus, VLI 5, Blastn 4347 & B, S.aureus K
16S rRNA 7£ 5 Probe—-B.915 #H VTt X f5 5 2 4 #F
WR RSP A HA 1 AR L 2, £ b ik
FE1 SRR T 2 42 °C,
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5 S1EgESYIR B XY Bacillus B # NIRRT M REHN I
Fig. 5 Effects of temperature of S1 nuclease on specificity
of probe-B.915
% 2 Probe-B.915 X &EH 16S rRNA BHir kB F 5
Table 2 Sequences of probe—B.915 blasted with the target
16S rRNA region of homologous species
[ Probe-B.915 45 & A Bt ¥ 5]
TAGAAGAAGCCCCGGCTAACTTCGTGCCAGC
AGCCGCGGTAATACGAAGGGGGCTAGCGTT
CAGAATAAGCACCGGCTAACTCTGTGCCAGC

A.pasteurianus

Pputida 0 0GCCOTAATACAGAGGGTGCAAGCGTT
Somrens  ATCAGAAAGCCACGGCTAACTACGTGCCAGC

‘ AGCCGCGGTAATACGTAGGTGGCAAGCGTT
Baumnitis ACCAGAAAGCCACGGCTAACTACGTGCCAGE
SUDHS AGCCGCGGTAATACGTAGGTGGCAAGCGTT
probepols  TECTCTTTCGGTGCCCATIGATGCACGGTCGT

CGGCGCCATTATGCATCCACCGTTCGCAA

2.6 HiNfh&RET

X TP & T v i) 200 T AT A 1) T
RAFH R (bR fE T 26 . RIS 1.2.5 rikfs 2l & 6
BRI . I e Ll 1.328x10°~
2.125x10° N/mL, 2tk y=-0.127 38+0.255 33«
R=0.997 41, Hrf x AR B 22 FHRE i v & A 19 28 40
147 J8 240 T E X 885y 3R OD s/ 0Dy

1.4+

1ol =0.12738+0.255 33x =
R*=0.997 41

1.0

0.8

OD450/OD630

0.6

0.4

20 25 30 35 40 45 50 33
1g R A /(N /mL)

B 6 ZFRATE R RS HE AR E &
Fig. 6 Standard curve of Bacillus by S1-MSH

27 WHEBRAZIBRANEERN

FH S Bl B0 o A TR 2% 58 R X 4l (B
subtilis ) AT 8 SR I A 25 S UL 7, 25 R AR 1
A R 2% 5 H A X Ik JBE A (107 >/miL) 1 g ¢
BEW (107 A /mL) ¥A7 B iy s Ok | 5 it
oo e 22 AT LT SR Y 5E B AT

| . S1-MSHK
m—1 S

B W [=)} ~ =]
T

17 %/ (cells/mL)

Sample 1 Sample 2 Sample 3 Samplec 4 Sample 5

B 7 S1-MSH % 5 B2 #it 83t 4 & B. subtilis K1 E 20 R
te &
Fig. 7 Quantification of B. subtilis by S1 -MSH and
microscopic counting
530 B3R PR 5 v 6 IR B D ZF AT T kAT
SE AN, A5 R VLR 8, Z5 R AR PR A% iR 2% 58
R 2 AR X IR B R R D B, subtilis (1978 BEE5 R
PO R SRAR W &, HLI8 3 ] T 0 v b v ok 32 1
W o ZAREE Ko7 LU TR WK 2 b 2R f A R
14 5 M E HEAS I

5.

I S1-MSHJE fHEE 4
C1 it Heh )
41
=)
T
t
5o
L0
1
samplel sample2 sample3 sample4

E 8 S1-MSH 5 Mt HUEXNRE F B. subtilis WES
MR
Fig. 8 Quantification of B. subtilis in mixed bacteria

system by S1-MSH and microscopic counting

YR AT ST B RS £ 371 52 4= IT IC A9 WUEE A% R
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(P R8s H AR T 9 rRNA 5546 o0 45 9 .4 DNA
PREF, 38 5 MR A% R 44 5 7 i R B T SR 9 DNA
PRET 8 1 B 58 €0 S N 5% A RS 5 . AR ARBE
fit e T RNA ATRE 7 TR MER , IR T 4
SEPELE A MR, U HR AT 28 28 HR B I ST AR IE T
BREN R SR SE I, AR AR R AE— 3 51T,

0 WEBA S BEAR B L XA AE B 1 A S D) b el 2 2
SHES)E . [FE %O AR R AR I R
R IAE] 1.33x10% A~/ml,  H 852 B # o RE
FE B R, 25 L HE RS T A IS R E,
ARF AR )z N A0 R A I AR R R
A 0 1 s P 43 B T
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