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Cloning and bioinformatic analysis of chalcone isomerase in Scutellaria baicalensis
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Abstract: Objective To clone chalcone isomerase (sbCHI) gene from the callus of Scutellaria baicalensis and to analyze its bioinformatics.
Methods RNA was obtained from scutellariae callus, cDNA was reversely transcribed, specific primers were designed, and then CHI was
cloned. The protein characteristics was analyzed using bioinformatics and the phylogenetic tree of CHI was constructed using MEGAS. 1.
Results The 648 bp sbCHI (accession number: KP064512) sequence was obtained, which has a complete open reading frame (ORF),
encoding an unstable protein with 215 amino acids. The sbCHI encoding protein has isoelectric point (pI) of 5.09 and a calculated molecular
weight about 22 980, without transmembrane regions and signal peptide has a conserved domain of chalcone-flavanone isomerase family. In
the secondary structure, the percentage of alpha helix, B-extended , and random coil were 37.21%, 23.25%, and 39.54%, respectively. The
homologous analysis indicates the nucleotide sequence 99.69% similarity and the amino acid sequence 99.07% similarity with S. baicalensis
(ADQ13184.1), only in 31 and 160 were different. Conclusion The sbCHI in scutellariae callus is successfully cloned, which provides the
foundation for further characterization sbCHI functionality and the synthetic biology research of baicalin.
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FUIE R, B A BARAR Fh CHI JE R ) 26 1A 2 5 o i (35
HAF. BERE . WHER) AR IEHXEY, 1987
SRR T A BUAR B AR 15 A B B b g3 g
CHI =P, Bt 5 W72 Petunia hybrida Vilm. .
5% Phaseolus vulgaris Linn.. 2K Zea mays Linn.
SEOSUR 2 M R Y b e 4y B4 1. CHI fiEfk oy
TN, ATXUER () B A E I S R A T A AR
VIEiE eI =3 2S-SR B . AR SN )
AR CHI L[R5y 2 2 BRI, —2& CHI 2L
IR 6'- R A o S-F L s b i, A7
TAEGRHEY; )2 CHI JERAEE T S RHEY +
Refiifl 6'-FR Ik A LW A 6'- Mt S 7 %% Ak ok AH
(1) S-FBE T RE AN 5- 8 B E i o AT R IR AT Le A
TR EC Bt & B0 CHI JE DR A AE !, B k40 A
3k,

ARSI AT WA ORI CHE BE A
(sbCHD AT v 545 B0, B AR NEED
KV ERFCRS T AR Y E BOS AR RS, SEEL
PO A RN ) R R IA, SNk .
RAEGE CHI 55 I B~ PER B i R A2 &
B 3 AL AR o
1 MRl5A®
1.1 #$

#5 Scutellaria baicalensis Georgi. {54144,
B AR A R 2 25 2 B i 9T = B . 23
MARNY R Mg A S e . TR LR G ok it
HAHT A B P T80 CIRIFEH .

1.2 FERKFFLEE

EASYspin Plus Plant RNA Kit. 2XTaq PCR
MasterMix 14 [ bt S AR A R AR, &
ali JFokn /N B R . DNA EHAAR & 20k
DNA 246 & e B At | R e AR AT
BT, M-Mulv 5% cDNA 4 H Fifg4d: TEY)
THEABE AT, LB H7EH . DHSo 52 240 M 1
KIEFREY TRA W AT . MDF-382E HLIE KA
(HZ SANYO), HC-2518R i .00, PCR
¥ #54  (Mastercycler nexus ), #t /K 1% R 4
[GIS-2010, KAeRMHE (L) HIRAF], Hlvkil
(SIM-F140, SANYO), HiJk{X (DYY-8C %Y, bt
N HIK) Do
1.3 FH&E
1.3.1 & RNA $2HURI cDNA &l BUNRTES @&
2l 2T R I R, WEER A R Al R IR, %

=

EASYspin Plus Plant RNA Kit {8 i, $EEEE A
LS RNA. FIFH 0.8%Exd i bt e i ik S Nl
RNA 5S¢ %4 . F ] M-Mulv 5555 cDNA &7 & L
Oliga-dT 4514, & s S @2 cDNA .

SR ZR (12 uL) A &L RNA A4 10 pL, RNase
Free H,O 1 uL, 5 pg/uL Oliga 1 pL. &NV
65 C/Ki 5min J5, SCEURTUK BRI 30s, RJ5
B0 3~550 55 NVLEMH 4 uL, 20 U/uL Rnase
Inhibitor 1 pL, 10 mmol/L dNTP Mix 2 pL, 20 U/uL
M-Mulv RT 1 pL. N4 42 C/K#E 90 min,
70 CAEPE 10 min, JCTUKLE 5 min. %5 DNA
T—20 CHRA7-
1.3.2  sbCHI ZEA 938 S0P H4% GenBank I
CLRIE (3% CHI 2K cDNA (HQ153041.1) [341,
i ¥ F Primer Primer5.0 & it514), L5400
sbCHI-F: 5~ ATGGGTTTTCAGGTTTGGC-3’, i}
5% sbCHI-R: 5-TCACTTCCCAGCAGGTTTT-
TCAC-3’. LATEX ] cDNA J#iti, I%MLL R R
X} sbCHI ZEKHEATH 44 : cDNA 1.0 pL, 2X Taq i
9 uL, 10 pmol/L EFE5 44 0.8 uL, ddH,O 8.4
uL, ZAARIN 20.0 pLo KNV FRF A 94 CHIARE 3
min; ARJFRET 35 MEFR: 94 T 30s, 52 Cil
K 30s, 72 ‘CIEA 1 min; JEIEEA)E 72 CLEM 10
min, 4 CIRiE. 0.8%IxIEHEAERS HL VKA PCR /=
Yy, AT H R Bt AT U Rl

Faaliftb B H 19 B pGEM-T easy £ A%
$%, FiALD] DHSa B2 &b, IRMmEs v
7% (Amp). 5-7R-4-5-3-W5| Wk 5L -B-D- 2 F, b
(X-gal) FH57 P 2E-B-D- AL - FLBE . (IPTG)
() LB~ EREATHE TR, BEHLERE 12 A4S o
LTV PCR A R FL kRS I J5 e 6 BH 1 e i |
LR AR TR BR 2 w7
1.3.3  sbCHI JEDAEDME B0 5 B E (1)
sbCHI 3 [X 541 £E NCBI i id Blast #8728 (4 JFi Al
AFREE A, 71 DNAMAN #0811 1l 2 L 1R
J¥%1, f§iH] ORF Finder #r T HE (ORF). A=
WME B2 W B EER A — 2 EAEZR AT T
4R Interpro Chttp://www.ebi. ac.uk/Tools/InterPro-
Scan/) AT AL AT, ExPASy 74k ik 55 2% 1)
Compute PI/Mw (http://web.expasy.org/compute_pi/)
TRIAE XS 70 i 5 BRI S fL A, TargetP1.1 server
(http://www.cbs.dtu.dk/services/TargetP/ D47 {5 5 Ik
7381, SWISS-MODEL (http:/swissmodel. expasy.
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org/) BEAT YR S5 53 BT R RA 1) — 2k [R5 A
H DNAMAN % f %5 )¢ 41 dE AT 2 | A,
ClustalW B fF 5 SLA R ) (1) CHI 25518 7 5 AT L
&, H MEGA 5.1 {49 %E Neighbor-joining FR ik
164, bootstrap FEIKECA 1000 K.
2 HRE5NH
2.1 sbCHI ERFEMTIE

X HEAS AL LU S RNA BT IR R4
W, 3R RNA JFTEIREN 115 ng/uL. Aseo/Asso
R 1.817, FWIPTHEIUTE RNA SER M MISE
BUF, WHT R 5K . M4E Genbank H1 ELA AR
3% CHI L6 CDS #it514), LAt @4l

1 2 M 3 M

45 6 M

21 RNA 3211 cDNA 4R, FIF PCR £
AR 53— 4K 648 bp 55 (K 1-A), A
X 3l F Genbank H[1) 1 4532 CHI JE[A, 5 fird 4
FERl A 44 sbCHI,  JFRHAZ TR 7414248 5] NCBI Hr
[’} GenBank #(#i%¢, &/ 415 4 KP064512.

¥ PCR =Wy AT alifb =D, (Rl &5 3 LK 1-B,
EF:E] pGEM-T easy A L T 4 CH&AF T ik
R ) CHI/pGEM-T easy # A& L E] DHS o J&% 52 4
AP, RATE] LB PHRE IR LR, XSREALPE
) 12 S o BE R VR UE T B 7% PCR (I8 1-D) . #k
I3 BRAT PHME SO R 0 VR BB T I, TR R H0X 3
MR AR (K 1-0).

7 » 18M

2000 bp
b L LD 500 bp

300 bp

TR

A-sbCHI JL[H {914 B-sbCHI JEH 4k I AL A 45 . C-H4L5UR. pGEM-T easy-sbCHI [ HLJKAS I D-FALFk pGEM-T easy-sbCHI [t
B sE BRI 45 s 1~3. 7~18-sbCHI JE[KI 447 4~6-pGEM-T easy-sbCHI 4c47  M-Marker

A-ORF amplification of sbCHIgene B-detection of recover purified sbCHIgene C-gel detection of pGEM-T easy-sbCHI =~ D-detection of positive
clones of pGEM-T easy-sbCHI  1—3, 7—18-sbCHI 4—6-pGEM-T easy-sbCHI M-Marker

1 sbCHI E£HE#5EME
Fig. 1 Cloning of sbCHI

22 BUMHERSH

| H ExPASy Proteomics Server [1]1E 2% # 1
Protparam Tl sbCHI JEPK|4ifish 2 (1 BEAL 5T . CHI
GRS 215 DMEIERAL L (B 2), 71Uy
Ci037H1634N2s580321S45 e R TE0K 3 254, AHXS 731
oM 22980, FHIBAEHL AN 5.09, T A HLEE (Asp+Glu)
K 26, AIEHEE (Arg+Lys) b 21. AREEFRECH
4793, KIIZEAAGE . TaHFEEL (aliphatic index)
h 85300 SCTHISEKTE (GRAVY) h—0.034,
R GRAVY {HIGHAE—2~2, 1EMHEIE AN
KPR, FAERVEE KSR E, % sbCHI
SERI i A KRR
2.3 sbCHI EERIBER R LMD LHEM
MR =4 AE

X H SWISS-MODEL 347 sbCHI [ 4 fith 2 (1 —
L AR S BT RS R TH . shCHI it 25 1111 — 2% 4%
Fyrf, a-42JiE Calpha helix) & 37.21%. B-ZEfH

(B-extended) 7 23.25%. A M (random coil)
39.54%. sEHABIERSHYOE TR, o-ig
JiE B0 S AR E R, M oA &
RIE T 8 TG B ) T RE SR AL T 1X Ay
G, TR B R R AR TN 34T,
17 B TR 1T Eh g S gk e =,

InterProScan [ 45 i 45 5 (&l 3) ],
sbCHI % R 4 it 2 (1 E 5~215 A7, %5 — & Hfd
R F R, W 4 FroR, = 4ERIJEBEE DL
4doi.1.A H AR, JPSIREIE N 50%, 1
SLAZBE T [ RV ) 6~214 £, MK 2
Al LA, sbCHI JE DR FUIN i g bt 2 11— R 45k
5 =R EE KN 45 R 5
2.4 sbCHI ZEEHmBERFESK. THBEL. &
FE X T 53 4

1H 1 Signal P4.1Chttp://www.cbs.dtu.dk/services/
SignalP/) XJ & F{F SR, W&l 5, S HERE
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!'ms & 5P 5 ¥VTEKEVL VYESTIETFSPALALETPPG S5 NTL
ATGTCTGCTTCGCCATCCG TCACCAALG TCC TAG TOGALTCCATCGAGTTCTOGCCGLCCGCALAGCCGCCGGEATCCTCCAMCACCTTA

—_

31)L Lé¢Ge s GV EGNETIaQGNT FVEFTLAIGYTLETDS A
91 TTACTCGGCGGCGCCGEGE TEAGAGGAATGGAGATCCAGGGGAACT TCGTCALG TTCACGGCGATCGG TG TTTACT TGGALGACAGCGCC
601V P 5 L &4 YN WEKEOGEKETUSLEETLTET STDDFTFZRETITSGFP
181 GTTCCGTCTCTCGCCG TTAAC TG AAG GG ALG ACCGCCAGGAGT TEACGCAG TCAGACGACTTTTTCAGGGAALTCG TG TCTGGTCCT
99F E¥ F TEKEVTMNTITULPFPLTSQGEOQSQTSSEZ KT YAEDNTCTTYALTNW
271 TTCGAGAANTTCACCAMGETGACGATGAT TCTGCCAT TGACGEGGALGCALTACTCGGAGLALGTTCCAGAG AACTGCGTTGCGTACTGG
20K &4 V& K Y TDAEGSEWSLIDET FLGQYFEDETTFLAP G A
361 AAAGOCGTAGGCALATACACGGATGCTCALTCGEAMGC AN TCGACAAG TTTCTCCAAG TG T TCAMGACGAMMCG TTCGCGCCTGGAGCT
515 T L FTQq 5P &G 5L TTIOSTPFSEDCGSIPESGQSGEATI
451 TCCATCCTCTTCACC AR TOG UGG CeG T T TEACGAT TAGCT TC TCGARAGACGGATCGAT TOCAG AGC AAGGCAMGGTAGTAATA
I8ME W Kk @ L 5 E & ¥ L E 5 I I ¢ K H& WV 5 P 5 4& K g 5 L & & K
541 GAGAACARACAGCTG TCGGAGGCAS TGO TOGAG TCGATCATCOGALAGCATEG TG TG TOGCCG TCGGOEAMGCAGAG TTTGECCRCAAG L
211, 3 E L F =

631 CTATCGGAGTTGTTTTAA

InterproScan

S5FOdaZE

1

2 sbCHI £FHY cDNA f4RIDEEER
Fig. 2 cDNA of sbCHI and its deduced amino acid sequence of S. icalensis

215

= -

IPROOZ4EE: Chalcone-flavanone izomeraze, Family
PFo2d431
nolPR: unintegrated, unintegrated

3 InterProScan ZEZER 7N sbCHI £ E 478 E B BYRF &5 #i5

Fig.3 Conserved domain prediction of sbCHI encoding protein using InterproScan

NEFERA N 1A S A, KR B
S KA, 5 IR S FHim. CHE
R BTUIAL R BN EHER A — A CfH, 7E8Y
DI Al C A R fm 1. Y H /2 Y-max Z74 % &
SHAM CHM— %, HHHMEE C HEE
Wi o RN AE — 2 R8I CETREA AL — R
e HOAL K R BT UIAL G — A, N 8]

4 sbCHI %mF3E B = 45 /BT LS EEH Yemax [ SRHEDMN, b S A5 2 B 0 1) A7

Fig. 4 Deduced 3D structure of sbhCHI coding protein LA CAE AT A 24 C e, S {f BEY,
— VEERT - A AR DS TP ER= NI R

Lo] SR SrFTA Az E AR A A Y k. FJH TMHMM

08| Server v. 2.0 (http://www.cbs.-dtu.dk/servicess TMHMM/)
067 THU AT %0 sbCHI 2 h5 2 185 IR e 5 0, 4551

T 04t W6, A A1 OGS IR IX . TargetP 1.1 Server
02+ . 2 TH & R ok, M A E A T i gk

o [T T T T (8 4 0.634 & N FZERLAA T 18 0.0304 &
T e —— P F FoAALE P IE A 0.275, Kk sbCHI (A

o0 ﬁ%/?,p 000070 9 B H 1 e R BB GE A TSR b o HL 2 WA E A
Sk (SP) #4524 0.337, 1A SP B 1

S EARESRKANE IR TSI T 5 55 ik 355 15 AU Signal P41 4T

Fig. 5 Prediction of protein signal peptide

EREFNUCIEE Skt
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. 2.5 sbCHI 4w835E B BIREIRTE R RGH LR 47
1.0 FJH DNAMAN #& A1, 4 sbCHI g fidh 5 12 2
0.8 " g e e
< 06 BR)T 55 GenBank H VAR %16 R/ — ALk
£ 0 B S, BERRATIEAULOR (17D, ML)
0 : : ) 64.24%. 69.29%. 64.86%. 75.69%- 99.07%.

0 50 100 150 200 s
SRR Horp U5 CHI JEIFIZEFr CHI LK 5 sbCHI W&
BEIIX vl S

6 EAEERXTNE
Fig. 6 Prediction of protein transmembrane domain
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Fig. 7 Multiple alignment of putative amino acids sequence of sbCHI with those of cloned CHI in other plants
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AT 43K sbCHI FEPRZmAs 2R (1 LS B, M
GenBank £(fi LR T 17 MAFNT 19 4 CHI
FEF, Zad it Clustal W HC £ MEGRS.0 711
neighbor-joining A", Ky THEY). AR EY)
CHI LN FRHE A A& 8 FivR, XELPH1 43R
PRI WA WA R IR, 4
1], R AR R T 2 XL
THHYEERE T 2K AT s T =2k, I
1 sbCHI JER 5 S TERHE & BRI —3L, 5
WA (ADQI3184.1) SRk, H[FURIE A4l R
FF, RS T2 X SR PUIMT, ek
J& E AR TE A5 21 (1K) sbCHI FE DA Ay #5725 CHI & [A
3 Tie

CHI 7E3 57 B B ARIN& R, B
IATR Al R A 2 I S AL AR T JAT A= 2 T P T = 2R
2S- R ILRGEE, S OCHERE L —. A 1987 SEH IR

TIB RS ALY I IR 7 A AL =5, sbCHI
LD 538 (ADQI13184. D AZ EF AU A 99.69%
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Fig. 8 Phylogenetic tree of sbCHI and their related sequences
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IR0~ CHI JEK, B o s MR A4 FE A
I AN B RS R 2 E ) b 3RS CHI
K. B TAERY T ORI CHI JEA, 752640 54
LB Pl O Y CHI BERA

M B R G P IAR &R, % CHI
FERRIE I . Wik %¢ 6 2 7 PCR AR A
Jrrh CHI ZERHEAT 40 #r, &5 R W7 2 B S5 4 Iy
{180 % R A A S A Tl 5 DAL R 2 08 i 5 i e )
SIS A B S AR S, P e R E ) A
PEG8000 4bBE H # FIRME, 425 CHI FEH (1) 314
45 SRR ) 2R B Ak A 4 I
Bt S B R R AR R CHI JE R 347 i %
I A BRI DRI BR A B, R I B A IR AR R
FEW) TR N (PG A 2> o I BRI SUAE — e FE
UL T CHI RN 1 R I8 & 5 ) T s i 2Kk &
W) 5 IE ARG

ASEE IR A A @A LU0 Mok, ke T
sbCHI L[4 K: cDNA, KJ¥ ) 648 bp, 5 14
ORF, gt 215 N2 JEig, JFRTHAT A5 B
S3HT, TN CHI AR 31 o R/ RIS H 43l ol
22980 F115.09, MATERSKIEER; g4kt
PLo-BRBE -2 LA oA 3, RAF EiiIaE
T E MR . 103 RIS b S R Gedb A oy
#r, &I sbCHI BER 535y . NS TERHEYIN 54
gl , ARSI e i N 75.69%, LA
)10 22 S LUK o B0 A= 40 6 G sk 2 TR S R A K 1
AT, I H I R D AR AU ) g
foo BAAE MM Y, SRS
SSRGS BT, TR A
AR EUERE RIS O e IR, PR R TR D,
2T E AR R OE R A RIE . KT 34 CHI
SEHERE S AT AR EAIERIE, T HIRA
TRETE CHI K, A B 2% 7754 sbCHI
SN E el e S B WS 2115 00 N o T (T O B2
FRI S REREAT HEWT RN TI,  A % KL DA (1) Dh et 7T 12
PERLE AR
Sk
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