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Construction of CFP-labeled Protein Library and Screening Calmodulin
Binding Proteins by FRET Technology
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Abstract Calmodulin (CaM), the main receptor for intracellular Ca®* signals, regulates the activity of its
target proteins by interacting with them and plays an important role in the cell proliferation, differentiation, apop-
tosis, migration, etc. Fluorescence resonance energy transfer (FRET) technology is one of the mature methods for
studying proteins interactions. By applying Cre-loxP site-specific recombination technology we constructed CFP-
labeled library, cotransfected HEK293 cells with YFP-CaM plasmids, and used fluorescence resonance energy
transfer (FRET) technology to detect the protein interaction. We picked up the cells which generated FRET and
applied single-cell PCR detection. By sequencing the PCR products and comparing them with the database NCBI,
we screened the unknown proteins which interacted with CaM. Taken together, we have found some CaM binding

proteins through the construction of CFP-labeled protein library and applying the FRET technology. Our study pro-
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vides the conditions for further study of CaM protein in physical environment.
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HEK?293 cells transfected with plpAcCFP1-C

2000

1 000

750
500

250
100

A: YK 1~3: T4 )5 v BT Nhe TRIXho DRUERD), B 750 bp2kly, B VE v b, ¥Kki&4: DNA marker, 2 Kb; B: plpAcCFP1-CJitfi 4% J*HEK 293
40, 24 hE MEECFPY . i PRI IR CFPHE G IHEK 29341 il . 47 )X=10 pm.
A: Lane 1~3: recombination colonies after digestion by Nhe I and Xho 1, which released 750 bp fragment; Lane 4: DNA marker, 2 Kb; B: expression of
plpAcCFPI1-C plasmid in HEK293 cells. HEK293 cells were transfected with plpAcCFP1-C plasmid, and CFP fluorescent can be detected after 24 h.
Both the left and right photo indicated CFP fluorescence in HEK293 cells. Scale bars=10 pm.
E1 plpAcGFP1-CH{AMZE IR EAHEK2934 & PRI FRIE
Fig.1 Construction of plpAcGFP1-C plasmid and expression in HEK293 cells

M1 2 3 456 7 89 1011 1213 14 M 15 16 17 18 19 20 21 22 23 24 25 26 27 28

M 29 30 31 32 33 34 3536 37 38 39 40 41 42
M 43 44 45 46 47 48 49 50 51 52 53 54 55 56

356 bp
M 57 58 59 60 61 62 63 64 6566 67 68 69 70

M 71 7273 74 75 76 77 78 79 80 81 82 83 84

356 bp

M 85 86 87 88 89 90 91 92 93 94 95 96 97 98

M 99 100

356b 356 b

YKIE 1~100: F41 30 BEHLEEEL 100 58 B HEAT VA PCR 455, S1ANUKIE Y 39 i BHPE 45317 M: DNA marker, 2 Kb,
Lane 1~100: PCR identification of 100 recombination colonies. M: DNA marker, 2 Kb.
E2 PCREEEHE

Fig.2 PCR identification of recombination colonies

P38 1356 bp & (190 4 B v . BEALHEE 100 Fric 1 SC P 5e B cDNATEAT IR A K R R H, 16 H iR
AR TCRE S ATPCRYE 5, M 1T K B0 o 3 41 SCE W) 6 Ly B cDNA B Y HEK 293 41 i, 4% 4L Hir2~4 hifk
TR, B g R EK2AEB TR, 100D 50 H AT W, e e 12~16 b5 SR b A0 fu s 2. #5424 his
SIANY 3G H B 457, B4 4 51%. FHOlympus X813 41 i W %< 5¢ 't {2 7k B8 4T CFP2¢
222 CFP-cDNARAZA X FEM%E  FCFPYN SR, 7E100F5 408 T Al WS 2T x5 6(E13) .
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HEK293 cells transfected with plpAcCFP1-C

100/ 31 4 v e TR A OB EL YL HEK 293 40 0, 24 h)G & il 92 645k . 1004585 R A 8 2 4 i n] M BICFPT 4 (0. 9¢ . ARIBYY Jy #IECFPY¢

JEHIHEK 29341 il #7R=10 pm.

The mixture of 100 recombination plasmids were transfected into HEK293 cells, and the CFP fluorescent can be detected after 24 h. A and B indicated

CFP fluorescence in HEK293 cells. Scale bars=10 um.
E3 EHTEMNREEE

Fig.3 The fluorescent identification of recombination colonies
CFP YFP
| n .
®)

©

FRET

(D)

A~D: BT [F] 2L CFPATY FPHE G 8 IF R AEFRETAE HT RS20 M, W (5 5 kiR . A R=10 pme
A~D: microscopic observation of the co-expression of CFP and YFP fluorescent protein and FRET in HEK293 cells, represented by the white arrow.

Scale bars=10 pm.
El4 HEK29340R6 F 45 YFP-CaM R #i F1CFP-cDNA X EFRET i {&

Fig.4 FRET imaging of YFP-CaM plasmids and CFP-cDNA library in HEK293 cells
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2.3 FIAFRETHATFEISARESER
23.1 FRETABAE LA YFP-CaM i fi fICFP
FriceDNA S, 18 F Olympus 1X8 1775 41 i M 523 13F
ITFRETHL 5 SR K15 (&14), I8 i Metamorph
PETF S FRETRIE . M Bki% HH FRETRE 75 1] {55 3
FEL A () 40 B A T A i o BRAT A A 2200 5 11 L K e
O i A TILJEC 1A LA B o 5 BT 15 A B e A b
WG AR A ) 0 M, RN B ) 8 TG 4 19 2R 1T K
(RIS, SR 20 B A D B4t R PCRY™ 38 TR ABE AR
232 #EPCRACM Tk ey Z G ERE KR
AN AL TBONS LUK B 49400 ng/uL ) 8 1 K
J17 pumol/LIJSDSIR &, 50 °CHF B 1 h, 2R )5
99 °CKi%30 min. 4247 41 fu (Y Eppendor i JHCE T
UK E, IAA0 pLIFPCR VAR Z, 1 A04525 pmol/Ly |
. 5 mmol/L MgCl,~ 300 nmol/L dNTPsF/12 IU Taq,
HEATY R . B pL PCRI M=) INAN20 pLIPCR
MNAR R, HAAHEE10 pmol/LE5 [ #) LA K A1 AN B AH
[ fMgCl,+ dNTPsHITaqff, FHXBEATY 1. HUS pL
FH2% B bt 1 F VKA PCR = ) (1415) o
233 ¥ b ey & BT ST AR 7 st
W 520 UPCRY™ 3 th (1 4%l 6 21 B A AR HAR
A A AT, 13 845 5K )5 ¥ 7 51 5NCBI - Gene
Bank@F AT HLXF, ATTAf 2 47458 b () 5 DR A fo] o 2 R
Hoh—SB L EE R E T

AR LA b 4f S BA T 8 358 B 31 A A 1 2%
B85 1 204 A (Calmodulin Target Database)it 17 44
W= 45 G A7 UL, 5 3R, TTC29. PSMBT,
MGC26647. Sestrin-117 51 3 45 & 47 i, HrSes-
trin-1J7 5 PG 2 AN g5 A A s, IF HAZSE KR4I R 1Y
ez oy R ks EE/E, B iiE L
PRAE I R 4. CANTTC29% (140 A T 40 g J Al
i Mk, (A% D) REAH G IE . PSMB7) 12
AT, A, AR AR OE S, £

bp

2000

1 000
750

500
VKB 1~5 4t AR RENS L5 CaM 45 & 1 A 1 B DR ) B

Lane 1~5 indicated the gene fragments of unknown proteins which in-
teracted with CaM.

El5 BMPCRAIKSETT
Fig.5 Single-cell PCR

BLY)REE S 508 Tz R B RE Y. PSMBTA
I\ 45 4 B 1 EPLKIAIPSMA2. MGC266477) 4ii
Tan s, a4 IR A CHIE . Ras-like
without CAAX T/ Aii T4l i 4L, 2 5/
GHEANFIME ST, ¥ HGTP. MilE kA4,
EVER . Sestrin-1W| HPS3EE  HE LR, A A
22 5y Z4 R R A EE AR, o CL4 B IR
T 16T DN AR 453453 ) 3GES U8 45 7, v DL 84 i
JE H A s ELGE &40 b 35 5 47 3 92 4 Y, 9 H TR
B 55 R 45 A I RIE

3 it

Cre-loxP R 4t /& — P4 A e e E AL R, Af
DA S8 g 24k, e Bl 0000 30 o o 5 A 5k 7
P, AT — P, BIAT AR J N TR] P9 58 DNATE $Z,
L9 BH P v B R S (8, R . ENANE A
K 5K Cre-loxP 28 48 I3 FH Wit B R0 4 2 N BB R
JETT T AT, JELEAN R R A R g o 7 Pk
JE ) 22 REPEDC12) 19944F, Griffiths 503V 46 K Cre-
loxPHL 41 5 48 W ] T-#4) g K A s B4 e, A AT
MK, 2R VLRVH EAEC, f 8 KA Pk
J o IX AR IS FRA T AL 5 2 A5 1d I cDNASE R I

#1 FRETHE AL L S5AREESNES
Table 1 Calmodulin binding proteins screened by FRET technology

EAREA S i hy
Protein Gene
Homo sapiens tetratricopeptide repeat domain 29 (TTC29) 17C29
Homo sapiens proteasome (prosome, macropain) subunit, beta type, PSMB7 PSMB7
Homo sapiens hypothetical protein MGC26647 (MGC26647) MGC26647
Sestrin-1 Sestrin-1

Ras-like without CAAX1
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A DM R I —H R, T T AL i SCPE IR AP R, i
SEIG TR I

TEASZI vp (T i 44 S pDNR-LIBAH A sacB
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HEC R SR TR, 55 Y FIHEK 29341 g+, WL %% 51
PR SCEMICFPR G RIE IEH « 2k, W CFPR G
FAc (1 cDNASE R 4 5% J, AT A] LAA FIFRETH,
RIATIHIEAS R RS E . B2 CGHE AT
K&, FRETH A B 4545, B4 N H T4 il 8 & 1A
JEAH EAE FH (ORI R, R R 1 TobR Il B2 R ET,
U ER TR AN R AR A ELAE I, FEARG ER B AR, T
FRETHLS, ifi 42K 100Uk A A0 BAE I, FRET &
4. By Ao, Mk 2 A SFRETZ k. —4
KA 3 RO AR S22 5 — FPFRE T AR EAT SE R il 75,
SEIL T AE KA AT 41 5 HEAT S A AH B AR A5
) R G I I . AL, FRETARACAH B A H i ik
A R BLAN i Hp ] e LA O AR R AR
P P K T,

AL F B H HIAE TR — o 2L 1) A i
AR FLAE AR (BRI 73, I ik B AR I 40 e
HATHEAE . E FAZ AN M HP I b LA N ) A2 () e 5
PEHOAIT 7T B A B 45 A IR SR B AR A A T
(P BCS G Ol KRR 6 25 1 A ELAE F (9 7 VR AR
%, WEFURT ZAR AN [F] 1) 5256 H 1 X & A AN TR
(1 S it SR o R PRI g ¥ R AT R RE R AL
TP YT, AT, R AR R, it
PR e mFLRL(FRET) I VASE, (04 47 AL 3 A
JR B A R T — R FHFRETH R (175 1%
0 A PN REAT 1A LA I 2 R S 2 10 DR RIS (1) 9 32 7
5, JF HoBCh b I E T A R R LR AR i)
RS A R LA E . T, Sestrin-13E N 1F
AT 22 oy 24 R bkt 2 B VE R, Hh e &)

(4 T o 0 2 JE S DNA TR 453 £ 0 ke 31— 5 1
PR AT, T B0 M 335 i O LG 20 i R B
oA BATARLS, 4545 96 5 1 SO R 2 A
FRETH AR AR LR Elia FAE i 8 5 85 0 2= 45 5
(RYER 1, [r) P R B b AR 3 4 52 P
¥, ST AN M B P AR R A, 1 E T
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