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Abstract
membrane to the outer cell membrane. When calcium ions are present, Annexin A5 can combine to PS at high

At the early stage of apoptosis, phosphatidylserine (PS) will turn over from the inner cell

affinity and this is the principle of apoptosis detection. Apoptosis detection based on Annexin A5 labeled with
green fluorescent probes/iodide by FCM (flow cytometry) is sensitive, efficient and specific. Annexin A5-EGFP
fusion protein is a simple, reliable apoptosis detection probe and it is easy to prepare. Yellow fluorescent protein
is a mutant of green fluorescent protein and its fluorescence spectra shifts to red spectra. Currently, there are
three modified yellow fluorescent proteins: Citrine, Venus, Ypet and the three modified proteins’ fluorescence are
brighter, more stable and mature faster. In this paper, Citrine, Venus and Ypet were selected to prepare Annexin
A5 apoptosis detection probes. Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet were expressed
in the prokaryotic expression system with a high yield of soluble protein. Also, we explored the combination
ability of the three fusion proteins and apoptotic cells and then screened out Annexin A5 labeled by yellow
fluorescent proteins, which was suitable for apoptosis detection based on FCM in order to lay the foundation for
further study. Three new recombinant plasmids pET28a-Annexin A5-Citrine-his, pET28a-Annexin A5-Venus-his,
pET28a-Annexin A5-Ypet-his were constructed for the expression. Three recombinant proteins were purified by
the Ni column affinity chromatography and their purity is about 90%. Also, this paper compared the three fusion
proteins’ ability to detect apoptosis and flow cytometric analysis showed that Annexin AS5-Citrine, Annexin
A5-Venus, Annexin A5-Ypet could recognize and bind to apoptotic cells and their affinity with apoptotic
cells was respectively 3 113.0 nmol/L, 444.3 nmol/L, 391.6 nmol/L. The affinity between the three fusion
proteins and apoptotic cells was very different. The paper analyzed the amino acid sequence of Citrine, Venus and
Ypet and preliminarily found the key amino acids, which determine the affinity of Annexin AS marked with yellow
fluorescent proteins and apoptotic cells.

Keywords  Annexin AS5; purification; apoptosis detection; FCM (flow cytometry); sequence alignment
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pET28a%% # Jii #i. pET28a-Annexin A5-EGFP-
hisHi 7 52 36 = {4 7£. pET28a-Annexin A5-Citrine-
his. pET28a-Annexin A5-Venus-his. pET28a-Annexin
A5-Ypet-histi LLpET28a-Annexin A5-EGFP-his Ay i
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1.2.1 3l4pikit M4 Citrine. Venus. Ypetf]
CDNAFPFIBTHREF ISP, B R IEs1 4+ 5] ANde |
HiXno 1EEVIGL 5, BARGI P Fe 5l ik 7R . PCRY™
B4 N 94 °CTHAZ S min; 94 °CAE%30 s, 60 °CiE
k30's, 72 °CLEfH1 min, 28MEH; 72 °CHEHT min.
122 kREHMAReGME KA KICitrine. Venus,
Ypetdt (A v B Fl A 52 58 = R A7 [{IpET28a-Annexin
A5-EGFP-his & 41 Jiii }ii 22Nde IF1Xho 13 i ) 7 4l
1k J5 BEAT & B2, £ 75Citrine. Venus. YpetIN i
FIANnexin A5 CA o i i Linker 8 FUIE R, 3745 T
= 41 Jii ki pET28a-Annexin A5-Citrine-his. pET28a-
Annexin A5-Venus-his. pET28a-Annexin A5-Ypet-
his(PEI1). 5 41 5 kL 5% A Top 108 32 25 B #k, ¥R A K
IR YU AR R I A SO R, BRITEPCREE Ji5, 1%
2 F e W AR YR PR 2w B AT I .

1.23 B#EGi kAL pET28a%s 4 i i,

%1 Citrine. Venus. YpetfJPCR3|4#]
Table 1 PCR primers of Citrine, Venus and Ypet

514 FPAI(5'—3")

Primer Sequences (5'—3")

Citrine P1 GGAATC CCATAT GGT GAG CAA GGG CGA GGA GCT
Citrine P2 CGC TCGAGC TTG TACAGC TCG TCC AT

Venus P1 GGAATC CCATAT GGT GAG CAA GGG CGA GGA GCT
Venus P2 CGC TCGAGC TTG TACAGC TCG TCC AT

Ypet P1 GGAATC CCATAT GAG CAAAGG CGAA

Ypet P2 CCG CTC GAG CTTATAGAG CTCGTT

Nde |

Xho |

Citrine, Venus, Ypet

Nco |

Annexin A5 Linker

Nco | Nde |

Annexin A5 Linker

Xho |

EGFP His-Tag

Xho |

Citrine, Venus, Ypet His-Tag

#Citrine. Venus. YpetJ [ 7714 A #pET28a-Annexin A5-EGFP(INde IF1Xho I£i7 &5 2 [, 4 # 5 241 57 ki pET28a-Annexin A5-Citrine. pET28a-

Annexin A5-Venus. pET28a-Annexin A5-Ypet.

The expression plasmids pET28a-Annexin A5-Citrine, pET28a-Annexin A5-Venus and pET28a-Annexin A5-Ypet were constructed by insertion of
Citrine, Venus, Ypet encoding sequence between Nde | and Xho | sites of pET28a-Annexin A5-EGFP.

[El1l pET28a-Annexin A5-Citrine, pET28a-Annexin A5-Venus. pET28a-Annexin A5-YpetZik REIAIHiE
Fig.1 Construction of the pET28a-Annexin A5-Citrine, pET28a-Annexin A5-Venus and pET28a-Annexin A5-Ypet expression plasmids
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pET28a-Annexin A5-Citrine-his. pET28a-Annexin
A5-Venus-his. pET28a-Annexin A5-Ypet-hisH 4
JFCRL 43 5 Ak K T 1 BL21(DE3) 52 A5 41 i, 4>
Sl Pk B o O e A B3 mL LB A B IR A v (A
50 ug/mLF B % ), 220 r/min. 37 °CHk ¥% 1% 5%
G, K& A pET28a%5 # i i . pET28a-Annexin
A5-Citrine-his. pET28a-Annexin A5-Venus-his.
pET28a-Annexin A5-Ypet-his = 41 i ki ) i %
%150 EL 6 B2 23 mL LBAES 73 b (54
50 ng/mLEHBEZR). 220 r/min. 37 °CIRFZ 7L
DeoofB 2175061, M 5 14 2k -B-D-fi A - FL B 175
57 (isopropyl-B-D-thiogalactoside, IPTG) % & ik Ji&
41 mmol/L, 4y HITE37 °CHI20 °Co%& M4 T #5776 hfil
16 h. 5T 525, 8 000 r/minEs.0x3 minlf £ B 1A,
SR J5 FHPBSZE M i B 8 e A4, X T A4 B B gk AT
LA R G, MR E1TSDS-PAGE, MEEH R
IS THAEAE TR 2.

T HI&E A2 °Cl 3N REAET LG
W, R T AT, ARSCE 20 °CHE N H BB E )
BG83 mLE A E A UKL A BE AL T
¥ P2 22400 mL LB S - rp (B 4750 pg/mL-R I
), 220 r/min. 37 °CH 15 7%3~4 h, DenofE 1% F0.6
J&, MAIPTGZEZK 91 mmol/L, 20 °CH;i 7716 h.
6 000 r/min®-L>5 minii AL 4, 140 mL 20 mmol/L
TrisZE M (7250 mmol/L NaCl) = & 4, 1EKis 5
I P B DA AR G P 2% A Dy 4 S/ ]R8 s, i3k
40 min). AR )E, WRIES °Co&AF T, 16 000 r/min
B5.020 min, Wk B .

fE FINTA-NiZE A1 ZE A k4T 82 E 44k, SRAT AL H]
A1 4% 20 mmol/L TrisZZ #f #5 (£ 250 mmol/L NaCl)
BEAT VA, P ETARA L) NI RHMA R 5~1015% . bk
328 FiE£0.22 ymPE L E S B, BAESERE
J5, F320 mmol/L TrisZz i ¥ (250 mmol/L NaCl.
50 mmol/LIK ME)IE Bt A fe 45 & £ 8T R 28 8 A,
SR J5 F20 mmol/L TrisZk i (250 mmol/L NaCl.
250 mmol/L kM) M H 8 E, Y8R e R MR fic g
Qb PR BT o NAT: 3 Jd AT B Y b 5 e R R T,
4 *CIEMTIERR ZS R M. FH 2 AN [F) R 55 K 1 1)
20 mmol/L TrisZZ ¥ (%30 mmol/L NaCl){E }i& Hr
HNBURG BEEAT H B AR (124 h, BrisE B ARk
e, USEERE S, #E4712% SDS-PAGE, 40 #1 H I A
aifz . BCABRGHIEIE AT, itE /™%,

124 Native-PAGEZ#1  HX20 pg b3k &
1T Native-PAGE. Native-PAGE4: & 5 764 °C% 1+
HBEAT, HVK R T BT, B A RE SN AT R K
AT AR P A FE 1) L 3 £ e TR ) e B AR R
ASDS, 5xLoading Buffer+ 4~ nJ il ASDSHIB-Fi % 4
i, K SDSHIB-$i 4k £ B ¥ 2 T 30 A R AR AR
1.25 AR ELHRMOLS)  HI3FEEEAD
HIFRE 3.0 mg/mL, R )5 X300 pLi HARREBIINA
FE i, 5 B 2R SORLAR 23 A 4G &= H 18 B AL
RN W HE R AR B L

1.2.6 AXMALN GEEEO S BT @R s
Lfe Jurkatbk B 983 40 it FH 5 10% 6 4 1 3 1)
RPMI-1640, 37 °C. 5% CO.%k 1} F £ 7. 4#f1x10°
ANH AR AL MR B 25 umol/LAK FE i 7 (1 85 97
%56 hi5, 764 °C2&F 1 000 r/minE x5 min, 1
LN A, FE5X 10541 i FHPBSZZ i e ik 24K, 1 F
Binding Buffersg i i ¥ 421K, fx £¢ 8 & 1200 pL
[f)Binding BufferZz # ¥ tH. # Annexin A5-Citrine.
Annexin A5-Venus. Annexin A5-Ypetfil & 2 [ 12 Bl
JE MR B — W, WREE 4 4. 10, 20, 50.
100. 200. 500. 1000. 2 000. 5 000 nmol/L, %33
2200 plLAN[)& BE fib & 2 1 (R AR BEVBROIN N 311200 pL
YR, A R A 2R EE N2, 5. 10,
25. 50. 100. 250. 500. 1 000. 2 500 nmol/L.
UK L IBEE 0 B 30 min, ZRJE AL pL Pl, oK L3R5
H5 mino YA BRSO AR A A 0
i, 1648488 nm N OGS, K515 nmr)idE
i JE A M Citrine. VenusAlTYpet(FL1), FHUk K KT
560 nmf¥jyEZE AT IIPI(FL-3).

1.2.7 Citrine. Venus. Ypet=#f & t%& & 69 &AL
BF 7t ARIENCBIF AL Citrine. Venus.
Ypet () £ 1951 7 51), F)FHHDNAMANEAE X = Fhe
HHE AT Z EF AT

1.28 “itFadr A SLEHEE DimeantS.D. 3%
R, Giit 2 kb B R ] GraphPad Prim 4449, 41 A 2
5% F ®. 1) 7 2 43 HT (One-Way ANOVA), P<0.05%
ZERB G R L

2 HR
2.1 FRIXFAFEE

RHE NCBIH Citrine. Venus# Ypetf] cDNAF
IR I 51, DAA SRS % OR A7 1 75 Citrine,
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Venus A1 Ypet ) =5 20 i R A BEAR, I PCRY 4 H 1
Citrine. VenusflYpet4= K F%1. i Nde IF1Xho IX{
) J&, FCitrine. VenusHlYpet b Bt 4di N 31| 55 21 i
FipET28a-Annexin A5-EGFP-hisINde IF1Xho 17 /4
Z [8), B JFE REGFPIMALE, I T CAR Uiy A7 His-
Tag I*J pET28a-Annexin A5-Citrine. pET28a-Annexin
A5-Venus. pET28a-Annexin A5-YpetF ik i #i (K1),
B VEPCR%: 52 J Wl 7 56 1IF 25 41 J5 ki 7 Annexin A5-
Citrine. Annexin A5-Venus. Annexin A5-Ypet/] %]
IEW G, HeA R B BL21(DE3) B bk
2.2 Annexin A5-Citrine. Annexin A5-Venus.
Annexin A5-Ypetd/N &3k

# E 41 i ki pET28a-Annexin A5-Citrine.
pPET28a-Annexin A5-Venus. pET28a-Annexin Ab-
Ypet# 1k % K 7 #F # BL21(DE3) j5 £ IPTGi% &, i

(A)

M 1 M
kDa kDa
» 75
50 50
37 37
25 25
20 20
(B) M 1 M
kDa kDa
75 75
50 50
37 37
25 25
20 20

1t SDS-PAGE 73 #1 /& 3, 1E37 °CHI20 °CHAF i T
i, 755> 7R 2865 kDakb #4145 H i A &Ik &1
(F2), H5m&EAME RS> FE—8EK2), M=
B TURLLE A S (1) 431 B B A o IR B R 1) B R
2t (B12), vl BHIX =Ml & 85 H 7E37 °CHI20 °C%
PRI E k. K37 °CHI20 °C4 - T H i E H
(R P B AT AT, R EE20 °Cifs SR IAR H
A LFETOTEELLp e s T EHMNEAE
37 °CH} O al A M EL 1) (B3) . 45 B3R #H: Annexin A5-
CitrinefE37 °CHl120 °C&AF T B ml ¥ Y LL 451 43 il oy
% 15 K A 11168.59%#171.57%; Annexin A5-Venusft
37 °CHH20 °CHAF N I mT v P Ll 3 ol 3Rk 85
1] 73.44% 711 86.00%); 117 Annexin A5-Ypetft 37 °CHl
20 °CE&AF T AT M 3Rk LBl 20 AN R IR B A 1
42.86%7#1185.42%.

kDa

75
50

37

25
20

kDa

75

50

37

A: 4 pET28a vector. pET28a-Annexin A5-Citrine. pET28a-Annexin A5-Venus. pET28a-Annexin A5-Ypet(\ B A7 37 °Cifs it [l ik 50, M:
protein marker; 1: #pET28a vectorff g {4 £ 2 1; 2: & pET28a-Annexin A5-CitrinefJ &4 42 &5 1; 3: SrpET28a-Annexin A5-Venus /i i {4 & 2 17
4: % pET28a-Annexin A5-Ypet[J A& . B: fpET28a vector, pET28a-Annexin A5-Citrine, pET28a-Annexin A5-Venus, pET28a-Annexin A5-
Ypetf AR ££20 °Cif S (1 £ A 55, M: protein marker; 1: & pET28a vectorff {4 s & (; 2: & pET28a-Annexin A5-Citrineff A B & (1 3:
¥ pET28a-Annexin A5-Venus ) B 14 i 2 171; 4: % pET28a-Annexin Ab-Ypet ) B 4 el 2 1

A: SDS-PAGE analysis of Annexin A5-Citrine, Annexin A5-Venus, Annexin A5-Ypet expression in the condition of 37 °C; M: protein marker; 1: total
crude protein of bacteria containing pET28a vector; 2: total crude protein of bacteria containing pET28a-Annexin A5-Citrine; 3: total crude protein
of bacteria containing pET28a-Annexin A5-Venus; 4: total crude protein of bacteria containing pET28a-Annexin A5-Ypet. B: SDS-PAGE analysis of
Annexin A5-Citrine, Annexin A5-Venus, Annexin A5-Ypet expression in the condition of 20 °C; M: protein marker; 1: total crude protein of bacteria
containing pET28a vector; 2: total crude protein of bacteria containing pET28a-Annexin A5-Citrine; 3: total crude protein of bacteria containing
pET28a-Annexin A5-Venus; 4: total crude protein of bacteria containing pET28a-Annexin A5-Ypet.

[E2 Annexin A5-Citrine. Annexin A5-Venus. Annexin A5-Ypet7E37 °CH120 °CE& - T FRILHISDS-PAGE ST

Fig.2 SDS-PAGE analysis of Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet expression in the condition of 37 °C and 20 °C
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£2 Annexin A5-Citrine. Annexin A5-Venus. Annexin A5-Ypetf#E%t 4> F&
Table 2 The molecular weight of Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet

EAERZR FHXT 531 #(kDa)
Protein name Molecular weight (kDa)
Annexin A5-Citrine 64.75
Annexin A5-Venus 64.60
Annexin A5-Ypet 64.57
(A) M 1 2 3 4 M 5 6 (B)
kDa
S
- 100
&
75 & 80
<
50 g 60
> 40
3 &' 20
2
CRERS & &€
o %'4 ‘??)
20 el v
© (D)
M 1 2 M 34 M 5 6 —~
kDa §
&100
[
75 o 80
2 60
=
50 s
S 40
37 &
2- 20
25 2
2 & o 3~
s &
n p ;
20 R N ¥

A: ¥ pET28a-Annexin A5-Citrine. pET28a-Annexin A5-Venus. pET28a-Annexin A5-Ypetf] i# 14 /37 °Ci% S0 H & A 1 vl ¥ ME R E
M: protein marker; 1. 2: #pET28a-Annexin A5-Citrine¥] & /& 1) FIEFIGTIE; 3+ 41 FpET28a-Annexin A5-Venusft & {4 LG FVTE; 5. 61 &
pET28a-Annexin A5-Ypetff i 74 () _E 5 fYTiE. B: Al ¥ [ Annexin A5-Citrine!5 2 Annexin A5-Citrine. 1 ¥ fl Annexin A5-Venus5 & Annexin
A5-Venus. 1] ¥ ffIAnnexin A5-Ypet5 & [JAnnexin A5-Ypetft Lt #; C: % pET28a-Annexin A5-Citrine. pET28a-Annexin A5-Venus. pET28a-
Annexin A5-Ypet/{J T 1A 7E20 °Cifs ST H (18 (11 Al i PR IA T B, M: protein marker; 1. 2: % pET28a-Annexin A5-Citrine 1) & 14 1) L i& FYLE;
3. 4: {pET28a-Annexin A5-Venus) i# 4 it i FIYTHE; 5. 6: &rpET28a-Annexin A5-Ypetf & 74 E & FYTiE; D: 1% fAnnexin A5-Citrine
5 K Annexin A5-Citrine. 1 % ff] Annexin A5-Venus5 & Annexin A5-Venus. 1] i ] Annexin A5-Ypet 5 & i) Annexin A5-Ypet ) EL 4l .

A: SDS-PAGE analysis of Annexin A5-Citrine, Annexin A5-Venus, Annexin A5-Ypet soluble expression in the condition of 37 °C; M: protein marker;
1,2: supernatant protein and precipitate protein of bacteria containing pET28a-Annexin A5-Citrine, IPTG induction; 3,4: supernatant protein and
precipitate protein of bacteria containing pET28a-Annexin A5-Venus, IPTG induction; 5,6: supernatant protein and precipitate protein of bacteria
containing pET28a-Annexin A5-Ypet, IPTG induction; B: the ratio of soluble Annexin A5-Citrine to total Annexin A5-Citrine, soluble Annexin A5-
Venus to total Annexin A5-Venus and soluble Annexin A5-Ypet to total Annexin A5-Ypet in 37 °C induction; C: SDS-PAGE analysis of Annexin A5-
Citrine, Annexin A5-Venus, Annexin A5-Ypet soluble expression in the condition of 20 °C; M: protein marker; 1,2: supernatant protein and precipitate
protein of bacteria containing pET28a-Annexin A5-Citrine, IPTG induction; 3,4: supernatant protein and precipitate protein of bacteria containing
pET28a-Annexin A5-Venus, IPTG induction; 5,6: supernatant protein and precipitate protein of bacteria containing pET28a-Annexin A5-Ypet, IPTG
induction; D: the ratio of soluble Annexin A5-Citrine to total Annexin A5-Citrine, soluble Annexin A5-Venus to total Annexin A5-Venus and soluble
Annexin A5-Ypet to total Annexin A5-Ypet in 20 °C induction.

[E3 Annexin A5-Citrine. Annexin A5-Venus. Annexin A5-Ypet#£37 °CH120 °C& 4 T Al A M RKIAHISDS-PAGE S i
Fig.3 SDS-PAGE analysis of Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet
soluble expression in the condition of 37 °C and 20 °C
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2.3 Annexin A5-Citrine, Annexin A5-Venus,
Annexin A5-YpetfZRiA Fazfi 1k,

Annexin A5-Citrine. Annexin A5-Venus.
Annexin A5-Ypetfitl & & A &KL G, {EBEA& & AC
K i FRIHis-Tag, A1 FNiAT 21 A0 2 #r 2040 1K 3Fh fil &
HwH, g 3RS 0 & B W EE 2 910.37 mg/mL.
4.85 mg/mL. 5.37 mg/mL, K15 E AL R
90% /¢ 17 (E14) .

2.4 Native-PAGE 43 #rAnnexin A5-Citrine,  Annexin
A5-Venus. Annexin A5-Ypett & & A ik B &
BB

Annexin A5 H 7] UE SRR, 21 A Citrine
FVenus = 22 DL BLARTE X AFAE, 17 Ypetn] LLIE Al 55 —
RAk, EE RS RCR A2 2 mm G B E S e
2 Z MR GRE )] N T K FiAnnexin A5-Citrine.
Annexin A5-Venus. Annexin A5-Ypetff & & 1 2 &
SRR, AR SO X = Mrii & & E #E4T 1 Native-
PAGEZH#T. 4REH, X=FRE&EAYRE—%
W 1) R 1 B 2%y, U I JRAKTE 1 (&15) -

2.5 Annexin A5-Citrine. Annexin A5-Venus.
Annexin A5-Ypetgil & & BRIRIE 94

AT 33— 25 ¥R U Annexin A5-Citrine. Annexin
A5-Venus. Annexin A5-Ypetit i 5 74 i1 1 i, FA1
XX =& R AT T AU k. iR
HHIX =l & 2 1 RLAT K /N3 —, T Ll A 8
WA SRR (16) -

2.6 Annexin A5-Citrine. Annexin A5-Venus,
Annexin A5-Ypetfl & & B R TR 5347

P 4lifb 73 2] 1) Annexin A5-Citrine. Annexin
A5-Venus. Annexin A5-YpetF| F Jit =X 41 g A W 52
EATS T4l 4515 Ol. EI7LLAnnexin A5-
Citrine A, H A& 88 H i 4 f AR V-5 98 Tk
WIThEERI 7% B E AR LA FE, X 40 kA7
7 HE(ETA), B iEAnnexin A5-Citrine. Annexin A5-
Venus. Annexin A5-Ypethric i 1241 e BE (K 7B).
*TAnnexin A5-Citrine. Annexin A5-Venus. Annexin
AB-Ypethr e 1 T2 40 i 2 1 1 35 58 0 5k AT
AT (EIBA~EIBC) . 4 K, =Mt & & A M-
Y9tk FE ¥ Bt A B VAR BE IR 1S 0 14 hn, 15 BH 4k
1t 73 #) i) Annexin A5-Citrine.  Annexin A5-Venus.
Annexin A5-Ypet ] 5 - 40 il & A K R &, BE
AR ICE T4

[ElF, 3415 Annexin A5-Citrine.  Annexin A5-
Venus. Annexin A5-Ypet 5 1 T 20 it () S5 A fy i3k AT 58
B0 M & I, Annexin A5-Citrine 5 1 T 40 i () 5% #1
77 43 113.0 nmol/L(&8D), Annexin A5-Venus5
T 40 L35 A ) 444.3 nmol/L(JKI8D), Annexin A5-
Ypet5 8 T 4H i 9 5 A1 77 °4391.6 nmol/L(E8D).
= % I b, Annexin A5-VenusAllAnnexin A5-Ypet 5
P T4 M R SR AN g (R @ gl R /R 2%, HLJ&E T R — A4k
= 2%, ¥t B Annexin A5-VenusHlAnnexin A5-Ypet1
A DL T 40 0 TSRS . 1 Annexin A5-Citrine 5
MR RIEM AWM AR EA R, BARE
0] DUH T FRic 8 T4 B, (E g 8CR— 1 &, 20480
Annexin A5-VenusAllAnnexin A5-Ypetkric 18T )%
Rt
2.7 Citrine. Venus. Ypet=#MXAEANTE
B2 51 b Xt

PL &R B IR, Annexin A5-Citrine. Annexin
A5-Venus. Annexin A5-Ypet—=Ffi il &8 [ EFIX 5>
TE. RIEFME. TR R A 55T
M3 A AR 2Z R, E2 N5 TR A4
I THRARFMIEM 1. T2, FATXCitrine.
Venus. Ypetf#) 2 3 1R 17 #1i3E AT L 43 By AAR 981X
=R ER A5 R 22 5 5 Annexin ABIRE TG 3
AR

Citrine. Venus. Ypetts i £ #] i 35 €6 %< % 2R
FEYFPHUE oK, 18 2 FE R Fr 41 Eb et (1819), F-41T
RI T = MR EERAE Z M B2 7 (3R3).
FUR I, FABL T AR 1 1 & 00 [ B i ) 30 &85 4 1T 24
A, BRUREE Tk B AR, IX 2 R A A —
A PR D IR, AN, AT R I, FOALR AR 1
BT B-A 25 R N T BEEE R AR A, AT BE IR T
a5 BN B R A B 256 P M153T.
V163A. S175Gix = /> 5 ZL ] 2% 4% ££B- 1 41 ] loop
X G0N T B R . BN EE, A TR T
WOt R MM R B T F2. F46L. FAL. M153T.
V163A. S175G&Venus#lYpet[X 5l T & ¥] (FIEYFP
T B B BN SAR, T Citrine 7E X FLANM A ) & 3k
TR I A 2%, X VAT DL RE A4 Annexin Ab-
Citrine 5 ¥ T2 41l g 1) 5% A1 JJ L Annexin A5-Venus.
Annexin A5-Ypet5 8 T2 M 1 55 F0 7578, U6 BH 35
e HR 5 F 2 B2 Annexin AS 5 VE T 40 it 1) 45
4. 5 Annexin A5-VenusAH Et, Annexin A5-Ypetft



A 1A TG R I 25K %) Annexin ABIR TR D RE H 2R 5T 1901

(A) M 1 2 M 3 (B)
kDa 100
75 S 80
&
50 5 60
S 40
37 2
3 20
0
25
9 S N
N & ¢
1 el W
20 W v

A 44k J5 ) Annexin A5-Citrine. Annexin A5-Venus. Annexin A5-Ypetfili & 25 [111SDS-PAGE 4 #T; M: protein marker; 1: Annexin A5-Venus; 2:

Annexin A5-Ypet; 3: Annexin A5-Citrine. B: ifid Nit: 3%l EHr 44k Annexin A5-Citrine.  Annexin A5-VenusHlAnnexin A5-Ypetgili & & (1410 /5%
S HT

A: SDS-PAGE analysis of purified Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet; M: protein marker; 1: Annexin A5-\enus; 2: Annexin

A5-Ypet; 3: Annexin A5-Citrine. B: the purity analysis of Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet fusion protein purified by Ni
column affinity chromatography.

El4 @iENitEFEMEALAIANNnexin A5-Citrine. Annexin A5-Venus. Annexin A5-Ypetili& & B HISDS-PAGE /7
Fig.4 SDS-PAGE analysis of Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet
purified by Ni column affinity chromatography

M: protein marker; 1: Annexin A5-Citrine; 2: Annexin A5-Venus; 3: Annexin A5-Ypet.
E5 @ENiFEFEMERELAIAnnexin A5-Citrine. Annexin A5-Venus. Annexin A5-YpetRli& 2 HHINative-PAGE S
Fig.5 Native-PAGE analysis of Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet
purified by Ni column affinity chromatography
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A: Annexin A5-Citrineff1}i4%2 4 [&]; B: Annexin A5-Venus[t k454045 [&]; C: Annexin A5-Ypet(fI#i4% 24 & o

A: the particle size distribution of Annexin A5-Citrine; B: the particle size distribution of Annexin A5-Venus; C: the particle size distribution of Annexin
A5-Ypet.

[El6 Annexin A5-Citrine. Annexin A5-Venus. Annexin A5-YpetRli&E BRI S HE
Fig.6 The particle size distribution of Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet fusion protein
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A: diagrammatic dot-plot of apoptotic cells labeled with Annexin A5-Citrine; B: diagrammatic dot-plot of flow cytometric measurement of apoptotic

cells.

&7 FA R MR IEMEAnnexin A5-Citrine. Annexin A5-Venus, Annexin A5-YpetH B T-#M Th e
Fig.7 Evaluation of apoptotic detection ability of Annexin-Citrine, Annexin-Venus, Annexin A5-Ypet by flow cytometry
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A-C: analysis of median fluorescence intensity of Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet binding to apoptotic cells; D: the
affinity of Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet with apoptotic cells, ***P<0.001.
&8 Annexin A5-Citrine, Annexin A5-VenusFIAnnexin A5-YpetA B T4 M Th sE (4
Fig.8 Evaluation of apoptotic detection ability of Annexin A5-Citrine, Annexin A5-Venus and Annexin A5-Ypet
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[El9 Citrine. VenusFlYpetd) & EELFFIELXF
Fig.9 Alignment of amino acid sequences of Citrine, Venus and Ypet
3 Citrine. Venus. YpetfIEEEFIIESR
Tabel 3 Comparison of sequence difference between Citrine, Venus and Ypet
AIEMR LA
o =
G Amino acid residue ARAL) (nmol/L)
Name Affinity (nmol/L)
46 47 64 68 69 153 163 175 208 224 231 234

Citrine Phe ILe Phe Leu Met Met Val Ser Ser Vel Leu Asp 3113.0
Venus Leu ILe Leu Leu Gin Thr Ala Gly Ser Val Leu Asp 444.3
Ypet Leu Leu Leu Val GIn Thr Ala Gly Phe Leu Glu Asn 391.6

208, 224. 231. 2347117 5 v REA & Al N 3 2 Al
1 i 2= R 5 R A

3 Wig

Annexin A5 IR I E H SR I 22—, Bl RE
% 5 A S 1P b 5 9 T N R TR ) Tl I G 2 IR 45
&, AT A F R TR B AT R A TR
Bt %4, Annexin ASH 72 T ARSME TR . H
AT, AL S AR IR 7 V2 hR 10 A Annexin ASHE 2 A8,
FITC(HMi #IR % Y6 RK)Ar ic I Annexin A5, 1Z4R4ER
(i 25 ot RE R B 2 BB, 1 H 2 A T R
T i B8 36 4> 5 ZrAnnexin A5 5 1 T 40 MIPS Y 45 &
Be 1 N BE. 54k, f2EFRid Annexin ASH B 24 7= 1)
WERAFEACREE RS, EEAY—. HH5T

RIL, BE T 96 AR Annexin ASARX 15—, HL2¢
JEHRR, B, iR gt Hyidily B RA
Annexin A5-EGFP4 4 (1) 5l i I b & 7 T3 i2
I FH T2 B TR

T UL AR NS O ER A R — P AR A,
R e m e, KUK 9514 nm,
KRS 527 nm, FIE A Lhak B R
IR 3% 3 BE T R H 2030 SRR N
TSR . BRI A I 2 58Ok R L ZEYFP, B i
A =Rk B (9 & A Citrines Venus.  Ypet,
= H R IETR 7 A I£98% DL . FATIE £
=R 0¢85 Annexin ASERA 1] £ U TR I
A, 45 5 3% 85, Annexin A5-Citrine. Annexin A5-
Venus. Annexin A5-Ypet5 I8 T 4 i 1) 45 & g f) %=



1904

BRI

SEAR K, HSER A7 K/ & Annexin A5-Ypet>Annexin
A5-Venus>Annexin A5-Citrine. X =il & & 1 7F
X PR RIEFHE. TEREERE L. R
AT WA R Z R, TRBATEN 26 EA
R FER 7 51 AT RESZ I T Annexin A5-5 1 141 i i
it TAEEE RS, SEYFPAILL, B R
AR E A A AN EE R, 555 & F46L.
F64L. M153T. V163A. S175G, iX & %8 4% %} 9% )
AR EER . HXT g5 SRR, VenusAl
Ypet &% 1X A 2 RAR, T Citrine AN & A 1X T4
PR 9AR, X VF 2 Annexin A5-Citrine.  Annexin
A5-Venus. Annexin A5-Ypet5 I T 4 il 45 & Rt
ZE AR KB R R . dhAh, FATE I, Annexin A5-
Venus-5 Annexin A5-Ypet?:S208P. V224L. L231E.
D234NAL ¥ 72 5 AT BeAT 3 59 & 55 FH 0 A Pl 22 7 (1)
iR DA ESE R UL, AR RO F AR,
o) b R Ak 22 S AT AR B 0% 2 4 35 1L 2 T Aninexxiné AB
ST A4

AR SEEL T Annexin A5-Citrine.  Annexin
A5-Venus. Annexin A5-Ypet?t JFt% £ Gt o (1) v
EERIL, IR T REM SRS EA, B T X
—MEAOSHEHTCARRTPSHISEARES, T
PN R S TR 2H B I 40 22 5 % Annexin AB
HRET 4R amem. XdE— SRR tEA
Fric I Annexin ASTRET (1) Ty e FHE 7 B 5408 1
fitio
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