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T, A 1R S 31 MRS . o-IBIERIZEAZREE P KENEMITH, B TEMEZY. RA
HEALR S HT R, FIEIE bCHS BF 57 2. . RIS RE R RR NI . RT-PCR 455 B/R zbCHS B FTE &4
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Cloning and expression analysis of chalcone synthase gene from Ziziphora bungena

CHENG Bo, MANERHABA Hairula, HE Jiang
Key Laboratory of Xinjiang Uighur Medicine, Xinjiang Institute of Materia Medica, Urumgi, 830004, China

Abstract: Objective To clone the key gene of chalcone synthase (zbCHS) in flavonoid biosynthesis pathway of Ziziphora bungena,
analyze tissue-specific expression of the chalcone synthase, construct the prokaryotic expression vector and induce the recombinant
protein to express. Methods Based on the transcriptome data of Zb in the previous study, the full-length cDNA of ZbCHS was cloned
by RT-PCR and bioinformatics analysis was performed. The RT-PCR was used to analyze the tissue-specific expression of ZbCHS. The
prokaryotic expression vector pET28a-CHS was constructed, transformed into BL21 (DE3) competent cells and the expression of
recombinant protein was induced by IPTG. Results The size of zbCHS gene was 1226 bp, containing an open reading frame (ORF) of
1176 bp and encoding 319 amino acids. The theoretical molecular weight of ZbCHS protein was 42 848.37. The encoded protein was
located in the cytoplasm without a transmembrane region and signal peptide. It was a non-secretory protein with one glycosylation site
and 31 phosphorylation sites. The a-helix was a large number of structural elements in that polypeptide chain, which was scattered
throughout the peptide chain. Phylogenetic analysis indicated that the sequence of the amino acids was most closely related to Salvia
miltiorrhiza, Agastache rugosa, and Perilla frutescens. of Real-Time PCR showed that zbCHS gene was expressed in all tissues, with a
higher expression level and a relatively lower expression level in roots and stems. Prokaryotic expression vector pET28a-CHS was
expressed in BL21(DE3) competent cell expression system after induction by IPTG, and its molecular weight was 42 800, which was
consistent with the prediction. Conclusion Through the full-length cDNA cloning of ZbCHS gene, tissue-specific expression analysis
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and prokaryotic expression vector construction, we can provide the basis for further study on the biosynthesis and gene regulation of
ZbCHS gene in Z. bungena, and finally lays the foundation for the improvement of the quality of this herb.
Key words: Ziziphora bungena Juz.; CHS; gene clone; real-time PCR; prokaryotic expression

BrES1E Ziziphora bungena Juz. NETERHETE B
Yy, ZHEEARTAR, NAJEHER, N,
WEG= T8, BRECNFE, & UthRIEEES
SRk, 48B4 RTI, WEEL B, B
AR OFE. B JHREEE 2T, BT
WS A2V KA R, TR E R
ELE DERIRERER. BB &85 0EK.
R M RS A e R sy, 1R 2
FA T O AR 50 F TR S i 97 146,

7 H B & il (chalcone synthase, CHS) 7&
EMAEKKELETAEELEWEN, YR
F RGP E 5 — A K iE g, L 14+ 4-
G4 A (4-coumaroyl-CoA) AT 3 43 114 -1k
HilE A (malonyl-CoA) 254 T it f 2 25 L
(naringenin chalcone), Zr=4idk— B4 4%
Fh 2K R B E 254 A 0. CHS AR TR T I 17 4E,
Hrp NS B EH AR e 0% 2 Fi 24 F Y CHS
S b .

HAT, xPErsfeh s ameptse, £
LRSS 7 BRI b, B
HE A il (zbCHS) 7E B IR AE W) A5 il Hh 1 2 22
VE F AR SCHRTE [ A AMEE AR . ASBF TR
e T zbCHS J:(H, Zp#fr 17 HAEARIH LA £
i, MEREREEAIESEHAEARE, Y125
TR T ARBG A R, itk — P S A
FAE YN G LA SR O3 BRI R 45 5 THI B4 7€ T 1R

SEHI RIS
1 #R5RF
11 EYHR

2019 £ 5 F NA), R E RS B AT A fH
W AIAE R S fe kbR, AW ESR 3~5
PR, & T5%LTEH R E, KR = BT AR |
2. W AR SR B VI ROE BN, TRGE
BT AR EA, —80 CUKF KRS, &H.
FOREATH & %5 2 e sm4E 5 /R BB X 299000t 58 B Al
TLHEFC € NS TE RBHE L B Y 8 3 1e Z.
bungena Juz., FRANPRAE T HraR4E LK HIG X 2540t
UYL IR 2 SR AR AR
12 EZERF

RNAprep Pure Z4# 2 By 4.5 RNA 42 BG 5
& (EERWRARAF)), REFANE
PrimeScript™ RT-PCR Kit (TAKARA), SZI 56 5 E
= SYBR® Premix Ex Tag™ Il (TAKARA). Taq /i
(2.5 U/uL). dNTPs (2.5 mmol/L). DL2000 DNA
Mark . DHS5a %30 H b5t KRR AR 2 A .
pMD-19T. JM109. pET28a (+). BL21 (DE3) %
B H TAKARA /A7 . Tryptone. Agar. Yeast
extract . Iy flig K ( GENE Biowest), % & 4x k}
(Geneview) 530 H LTS E AR AR A
To/K CHE NaCl & Atk B35 06 5 E 7= 55 Hr
afi . ASZEG 510G R B I BRI P p b i AR K
R A A IR A T 2R 5 RAE B 1.

*1 SEHRENSIMEFT

Table 1 Primers and sequerces used in this study

i 2 FK S5 (57-37) KpEmbp 4K bp
zbCHS chs-F GAAGAGAAAATGGTAACCGTGGAGGA 26 1226
chs-R CAGATCACACCTTTCACCATCTCTTACTTA 30
18S rRNA 18S-F GGAATGACTGGGCGTAAA 18 163
18S-R TGGCGTTCCTTCGTAGAT 18
RT-PCR realtime-F CTCATCTCCAACAACATTGAGAAGG 25 226
realtime-R TCTCATCCAGGATGAACAATACACA 25
2 T3k P15 RNA $EBUAA S UL B BT, & RNA &

2.1 2 RNA IZEUX cDNA BI& K
H#) 100 mg ZHZUREATE I 0 O it B Ry

A, K RNA FIHREUKYE RNAprep Pure 852 Fyia

1T DNase | 403, FE28 1% e Bt s v koA i L 52
BYEJE, A T-80 CUkFER&R. Y 1 g &
RNA, UL Random N5|4#5iE4T 1st cDNA 1145,
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BAR T3 PrimeScript™ RT-PCR Kit 11 5 B
FoiiAT, HREERWAAENT-20 °C, %M.
2.2 zbCHS ERRESNF

AR AR PR R ZH T A SRAS (B B8 6 5 s 2 4000 A
KA 8., K H Premier Primer 6.0 ¥t — 4% % 5
Y1 chs-F 1 chs-R. R AR RN 25 uL, R R B E Taq
0.25 uL. 10X Buffer 2.5 uL. dNTP2.0 uL. 1EJ%
7] 51 #9145 0.5 pL+ & DNA 3uL. ddH.0 16.25 pL.
PCR &Nk R % H: 94 C. 3min; 94 C. 30s,
58 C. 30s, 72 ‘C. 1.5min, 34 MMEHR; 72 C.
7min; 12 CH4E. B S uL PCR § 14774, 4 1%
SRR K, e, AN SR R G HEAT I
%2, Mg, FE@EIENEREEER DNA BRI & R
I PCR =¥ )5, #4:% pMD-19T #fik, #iLE K
AT B DHSa B2 54001, 4T LB (% Amp)
FARE IR L, 37 CEy IR . BREURETE N
BiRR, FHBEV% PCR VA0 28 H FH PR 45 SR bt Heok
FE IR I A A PR 2 =10 7 B
2.3 bCHS EREMEEZ S

FT zbCHS ERERMIFEER, RH NCBI
ORF finder T H k4T JF ¥ 1% 5L HE Copen reading
frame, ORF) MIE L KHE SIS A IR T 5. K
H ProtParam Chttp://web.expasy. org/protparam) 43
fr zbCHS & H M B AL % B M A ProtScale
Chttp://web.expasy.org/prots-cale) %} zbCHS & H )
KM AT I . M A TMHMM  Server2.0
Chttp://www.cbs.dtu.dk/servicess TMHMM-2.0) 73 #f
ZbCHS % A 7 51 % B 45 #4585 5 SignalP 5.0 server
Chttp://www.cbs.dtu.dk/services/SignalP) 43t zbCHS
EAE Sk PSORT Chttp://psort.hge.jp) T =
V40 i 52 4375 1 F] NetNGlyc server Chttp://www.cbs.
dtu.dk/services/NetNGlyc) 7341 ZbCHS & A BE 4L
£ 55 {3 NetPhos server  Chttp://www.cbs.dtu.dk/
services/NetPhos) 734 zbCHS 2 (IR AL A7 i, i
I SOPMA  (https://npsa-prabi.ibcp.fr/cgi-bin/npsa_
automat.pl?page=/NPSA/np-sa_sopma.html ) Al
SWISS MODEL  (https://swissmodel.expasy.org) i
W zbCHS HH 25 =445 . 1 NCBI 4l =
i BlastP #EATHER, MRS zbCHS FHZEIE
& [Fs A At 2 R 51, K H MEGA6.0 K
#4585 (neighobor-joining) #J%E R G HEL I .
24 RT-PCR

PAUR e g A3 B S TEA R A 2RI AR L 25 i

1 1st cDNA AR, A8 H 8 35 16 7% s 4 4k
% (1D: ¢143126_g2) fiiik 5 %1 18S rRNA 1
HNASER, "irA&RHN S5k 18S-F H
18S-R. R #E # A+ Primer6.0 ¥ it — R SZif 3¢ 6 &
= PCR 5|¥) realtime-F F1 realtime-R, #ll HA7E
Ry 250, FEAL ZbCHS 2R AN R ik &
Real-Time PCR & SYBR® Premix Ex Tag™ II
WA GV HEAT, 25 uL RMA R : SYBR
Premix 12.5 uL, EFUE5I4) % 1 puL, cDNA HitR
2 uL, ddH.0 8.5 uL. KMNFEF: 95 C. 30s;
95 ‘C. 5s, 60 ‘C. 30s, 40 NEH. BEAFES
3 EYEEE, A 2780CORIX s BT iE R
Kl ZoCHS JE R E AR AL 250 . feh i)
FHRT AL K-
25 BEiZFEHEFEE

HE 48 B ¥4 1€ ZbCHS FE R 7 51 7 J5 A% Rk 1k &
RPN 7R RN C R R 1 SO G S N S T S
ZbCHS F [ 4 hd 7 53T %08 7k, FHEH R
Ay 5N E Bam HI/Hind 1 BEIAL A, 2565 404K
e HBE KA s R = A TR BR A A 5 B
FEE O TP ICH] 12 pL R BAK R (L5 Insert
DNA 1 uL; pET28a (+) 2 uL; 5XIn Fusion HD
Enzyme Premix 2 uL 1 ddH,0 6 pL), F 50 Cff
I 15 min. HU 2.5 pL /%), 42 CHBPUEFMHE
EZASYIE IM109, AT RIBERM LB
e¥EFREE b, BREUCR VR T7 BH 549 PCR #-
38 i 3 PR e B, SREUSORIIN Y, A AL R R AR )
RIS P Mt 448 pET28a-chs,
26 IPTGiESRIA

¥ ki pET28a-chs ll pET28a 8L | uL # A
BL21 (DE3) Eszisdiffid; fiH LB/HiAER Kan
(50 pug/mL) PR, 50 pL #4bssn, 37 CE®
B3, BRI VA 28 2 mL LB/HiAE & Kan Wik RE 73
Ferdr,37 C K77 B 100 pL 3572 WO E] 5 mL
LB/AA 2 Kan ks FRIE T, 37 CRIFRRMOLEE
(Aso0) THZ1N 0.6 ¥ i1 150 mmol/L IPTG 34 pL (£
WA 1 mmol/L IPTG) #471%5S:, 37 CH;FF 4 h
Ja BB . M 320 uL PBS 2 o HE 4718 A B R,
XoF AR B FETR 12 000 r/min B0 5 min, #4725
g, rREAeEA. BiE. TUEHEERS 8 ul,
BON 2 uL 4XSDS Loading Buffer, B i/Ki# 10
min, 31T SDS-PAGE (5%iR%EM, 12%7%) 25 i)
FEL KR N 4L B 2 S R IA
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3 #R
3.1 zbCHS EE =&KX F5 51

RT-PCR #4724 1%F5 IS M REe Uk 5, B
D — % B — e e R B, K
ERANZIN 1.2kh (1), SHERIERBHE A
PR B0 P43 3 ZbCHS & R AL TR P 51, 2t i3t
—355rHr, H ZbCHS Z:[FIK/NA 1226 bp, &A1
A 1176 bp 4k ORF, 4y 391 M Ak vataner 1 if(f:jfn
(B 2>, MR sE NCBI, BExRS5N 1 g CHég PCR 41

MN599471, Fig.1 PCR amplification of zbCHS gene

1 ATGGTARCCGT GGAGGAGATCCGCCGCGCTCAGAGGGCT GAGGGCCCCGCCACCGTGCT CGCCATCGGCACCGET

{1 M v T v £E E I R R A @ R AR E 6 P A T ¥ L A I G T &
76 GTCCCTTCCAACTGCGITGACCAGAGCACCT ACGC TGACTACT ACTT CCGCATCACCAACAGC GAGCACARGACT
2% v P S W ©¢ ¥ D @ S T ¥ A D ¥ ¥ F ® I T N S E H K T
151 GAGCTCAARACAGRAAATTCAAGCGCATGTGCGAGARATCT CAGATAAAGAAGAGGT ACAT GCAT TTGACGGAGGAG
5 £E L XK @ XK F XK R M € E K S @ I X K R ¥ M H L T E E
226 TACTTGAAGGAGAACCCTAACAT GACGGCGT ACAT GGCGCCGT CGCT GGAC GCGC GECAGGACATCGTGET GETG
76 ¥ . X E N P N M T A ¥ M A P S5 L D B R @ D I ¥V W W
301 GAGGTGCCGARGCTAGGGARAGAGGCGGCGCAGARGGCGATARAGGAGT GEGGCCAGCCCARRTCCARGAT CACT
01l = v P ®¥ L G K E A A © K A I ® E W G @ P K S K I T
376 CACCTCATCTTCTIGCACCACCTCCGGCGTICGACAT GCCCGGEGCCGACTTCCAGCTCACCARGCTCCTCGGCCTC
126 = = © F © T T S 6 ¥V D M P G A D F © L T K L L G L
541 ©6CCCCTCCGT CAAGCGCT TCAT GATGTACCAGCAGGGECTGCT TCGCCGGCGGCACCGT CCTCCGCATGGCCARG
151 = P s ¥ K R F M M ¥ © © G © F & G G T ¥ L R M & K
526 GACTTGGECCEAGRACARCGECCEECGCTAGGETTTT GEICGTICT GCTCCGAGATCACCGCCGTCACCT TCCGEGET

176 »p . o = W W A 6 A R ¥ L ¥ ¥ € s E I T A ¥ T F R G
601 CCCTCCEGACEECCACCTCGACAGCCTCGICEGCCAGGCCCTICT TCGECGAC GECGECCGCCTGCETCATCGT CGEL
201 P 5 » & B L D s L ¥ 6 @ A L F 6 D G A A C ¥V I ¥ G
676 TCCGACCCCAT CETCGGCETCGAACGC CCCT TATT CGAGATCGTCTCCGCC GCGCAGACCATCCTCCCCGACAGT
26 = o ¢ I ¥ 5 ¥ E ® P L F E I ¥ S A R © T I L P D S
751 GACGGCGCCAT CGACGGCCACCT CCGT GAGGTGEECCICACCT TCCACCTCCTCARGGACGTCCCCGGCCT CATC
251 o & 2 1 b & B L R E ¥ G L T F H L L X D ¥ P G L I
826 TCCAACAACAT TGAGAAGGCCTT GAAGGAGGCCTT CACCCCCATCGGCATCTCCGATTGGARCTCGGTGTT CTGE
26 s W Ww I = K » L K E A F T P I G I S D W N S ¥V F W
901 ATCGBCCCACCCCGGTGETCCCGCCATT CTTGACCAGGTGGAGGAGAAGCTGCAGC TGAAGCCGGAGARACT CARG
31 r 2 ® P & 6 P &2 I L D © ¥V E E K L @ L K P E K L X
976 TCCACGCGCCACGTGCTGAGCGAGTACGGCAACAT GTCGAGCGCGTGTGTATTGT TCAT CCTGGATGAGAT GAGG
326 = T = H ¥ L =S E ¥ &G N M =S S5 A C ¥ L F I L D E M =&
1051 ARGTCCT CCGC CRAGGAGGGCTGGGECACCAC CGGEGAGEGECT CGAT TEGEGEET GCTGTTCEGETT CGGECCGE
%l = 5 s » ®¥ E & W AR P P & R G S I 6 6 C C S & S G =R
1126 GCCTCACGGTGGAGACGGT GETCCTTCACAGCGTCGCTATTAATTAATTAR

3766 . 5 R W R ®BR W s F T A S L L I N

&2 zbCHS EF ORF F5|KENEEERFS
Fig. 2 ORF sequences and their deduced amino sequence of zbCHS gene

3.2 zbCHS ERFmBEQBULMER S A, BN 34, FHAF(ESE CKIIlL PKC. unsp.

ProtParam 237 Filil| zbCHS F:[K4miEE HAHN)  cdc2. EGFR. PKG. PKA. PKC Z:Z s mtEE
S FI R 42 848.37, FRMEZIEEIRIRHEE (Asp+Glu) HEEE A s, WA 3.
SN 43, BRI ERIRIE (Arg+Lys) S HCh 47, 3.3 zbCHS EFERILEH LT
PRI S H 5T 8.48, fh2%3( Cigo9H3033N5270560S20, M gl (F 4) B, ZREET o8 (EG
Wife % 86.32, AfaEfasl 46.42, SE/AKMEIEE ) Mt 175 A, HHL SgEMMS E
(GRAVY) “F¥J{N—-0.159. ProtScale 7#TiB/ni% N 44.76%; JoRLNE it CE 57 it Il 125
EAPEIERII S AM TR, HoOoKRMEER A, R RGNS ERN 31.97%; IEfiEE (40
Z T HKMEEER, hikrifEltZEQE T AR G HibHil 654y, HHL ZHEHNS &
EMESEKEH . SignalP 5.0 7fETINE R ZEAA 8 16.62%; B-¥f (ZREHD) it 26 4,
FEHEMESK, 2 MIESWEA. TMHMM (538 M & 8N 6.65%:; a-i8iE & 1% &
2.0 FELR TN Z 8 I C B R B I s Mtk W e e e 2 IREE R RERS o, B TN KEE 2+ .
gEREIR, ZEAEMTAMFH. NetNGlyc 1.0 DL 1d6f.1.B (chalcone synthase) SAABHR [ 5 2
Server fELETIMIZ A (ATE 82 5336 & %A 11 zbCHS =4E45#), Z4i5HE A 5B R ALY RN
FEIELL AT £ . NetPhos 3.1 Server Tl iZ & H B 31 77.49%, #AK) GMQE A1 QMEAN f{H 4%k
MR, Hh2Z iR 18 4>, 7RZAR N 10 0.88 f1-0.88, A HE (& 5).
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Fig. 3 Prediction of protein hydrophilicity/hydrophobicity (A), protein signaling peptide (B), potential protein
transmembrane (C), protein phosphorylation site (D) and glycosylation sites (E) of protein of zbCHS

HH‘MHMN

N 3 e L b

50 100 1 50 3
[El 4 zbCHS YRS & EBLF 5 —RESATN
Fig. 4 Secondary structure prediction of zbCHS amino acid sequence

3.4 ZbCHS %mRSE R ARG T

FIH NCBI [ blastp ZhGE¥; zbCHS K g i
T AT HADYFEEAT RV L, JEEL CHS
JFH—BETE 80%~91% MR, Kk, ER
13 MEY), ] MEGAG.0 HI4B4%i% (neighbour-
joining, N-1) X} CHS 4wt A2 FL e /7 51 i) i
Rt (K 6), SRR SM CHS
wEBEAAY I L N3 R, 4L zbCHS
El5 zbCHS B EHIE A= g FERMZESS 11 5 by GRS . RIER
Fig.5 Prediction of tertiary of zbCHS protein GR AN
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T ABP57071.1
E 5577 BAAL9548.1
A AFL72079.1

1% AWX67435.1
75 & Hrs A€ ZbCHS
—fh4L TEY83301.1

I: I # A AJO53275.1
{ FAE GFQ03759.1

HH BAB20074.1

2k XP011091402.1
4'; 48 8 POB515.1

4 E AANO5791.1 -~

— i ANS54279.1 } "
JHEE ACS12837.1

r

E6 AEHEY) CHS SEBFFIS FHL I
Fig. 6 Phylogenetic tree analysis of CHS amino acid in
different plants

3.5 zbCHS mRNA fEARRIHLHHEXTFRIE S
RT-PCR g iEn (KD, szHS FERBAH
ARIB R 1, TEREEIEMIAR . 250 b, e F
WA pTRIL, Hpfert X RIS ER S, Lk
AR RIB RN 3 5. LA RIAERZ, RE5Z2
Rk AR
3.6 zbCHS REZERIFSRIL
R R AT B 26 1 O -1k B FLASE AR, %)
ZbCHS 2 [ g 7 AT %S 7k S5, @i AT

wild type
optimized sequence ¢ CCATCC.... .T.....T.. A A....T..T......

4+

AR Rk B

L

7 RE4AL zbCHS MRNA KEFRIESN T (n=3)
Fig. 7 Expression of zbFPS mRNA in different tissues (n=3)

HRIERFY] (B 8) HiyRik#ik pET28a-chs
HAvZE BL21 (DE3) /#2440, HRECRwiZET
37 CHiFEE Aso N 0.6 L4, MALIKEN 1
mmol/L IPTG #HTi% S, 37 CRiFE 4h, WHWGHA
WRHE Ja 460 SDS-PAGE HLyk A, 45 SRAE 42 800
étlﬁﬁééﬂiﬂ’@'ﬁ/ﬁ?ﬁ%ﬁﬁﬁ%mﬁ’]%ﬁ%ﬂ i

s T FIER RSB RIS (B 9), zbCHS 4
%&.E‘M%ﬁm (37290 42 800, 415 1 ) by 1
RiFESFRILN ZoCHS EAEH. UL EGEREH,
ZbCHS #2412 DU R R I A7 TE .
4 g

AW FERIh T T bCHS FEH, ZEEEEA
1176 bp (P B EEME, Zfis 391 MR, ZEE
BT AR EMERKER, MAERENESIK &

10 20 30 40 50 60 70 80 90
—————ATGG TAACCGTGGA GGAGATCCGC CGCGCI‘CAGA GGGC’I’GAGGG CCCCGCCACC GTGCTCGCCA TCGGCACCGC CGTCCCTTCC MCTGCGTTG

1110 1120 130 40 50 160 70
GATTGGGGGG TGCTGTTCGG GTTCGGGCCG GGCC‘I‘CACGG TGGAGACGGT GGTCCI’TCAC AGCGTCGCTA TTMTI'MTT AN

wce

-C. ..AAGCTT

8 zbCHS EFERRIFFIRMIL
Fig. 8 Optimization of zbCHS gene coding sequences
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2.00 X 10°
1.16X10°
9.72X10*
6.64 X 10*

4.43X10* <

2.90 X 10*

2.01X10*

M-Marker 1-pET28a 4:4Mififi 2-pET28a L-i%& 3-pET28a YiiiE
4-pET28a-chs 4=4fifi 5-pET28a-chs i 6-pET28a-chs JTiE

M-Marker 1-pET28a whole cell
3-pET28a precipitate  4-pET28a-chs whole cell

2-pET28a supernatant
5-pET28a-chs
supernatant  6-pET28a-chs precipitate

9 zbCHS E4HZE B SDS-PAGE 71t

Fig. 9 SDS-PAGE analysis of recombinant zbCHS protein
—Fp AR E . TG RIS IRAE A, E AL TN
JRH, 1E 82 5 336 AL E E&A 1 AMFERALA A, B
A 3L AMBERRAAL K, FAFAEAE 2 MR It 2 1
ZEEALR . o-IRIER %R E 2 IR E I S5 K 7T
i, WU TR T . RGO 3BT KB,
ZbCHS 572, EH. LIS RG R R BN,
RT-PCR 45 {27R zbCHS JEFTEM, 25, . fErh
B RIE, Hrbm o Rk B m, xR
BEXZ, W ZPE R ERIK. #id IPTG
PRI BEAT T R A E A R R

THY) CHS R BHIRAEY G e it — A E
LR CHERE, |2 APE T, BB
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