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Gene Structure, Evolution, Distribution and Function of

Phospholipid Scramblase

Han Yu, Gao Lili, Hu Wenjing, Deng Hongkuan, Wu Weiwei, Pang Qiuxiang*
(School of Life Sciences, Shandong University of Technology, Zibo 255049, China)

Abstract  Phospholipid scramblase (PLSCR) gene family encodes a kind of Ca**-dependent multiple-palm-
itoylated type II endofacial plasma membrane protein, which exists in all eukaryotes. PLSCR is activated in a high
concentration of calcium ion, which involved in the collapse of phospholipid (PL) asymmetry at the plasma mem-
brane leading to externalization of phosphatidylserine (PS). Under this activated state, PLSCR mainly regulates the
transbilayer movement of the phospholipid in the process of cell activation, damage and apoptosis. More and more
evidences revealed that PLSCR not only played an important role in cell proliferation and differentiaton, but also
contributed to other physiological pathways, including lipid metabolism, blood coagulation cascade, structure and
function maintenance of mitochondrial and immune response. For a more comprehensive understanding of PLSCR
gene families, this paper reviewed the gene structure, evolution, distribution and function of PLSCR based on the
recent studies.

Keywords  PLSCR; gene structure; evolution; function
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i B R R 0 % 18 JF B, BIRPLSCR2(%% 15297/ 4
B W2, 59%), hPLSCR3 (4 152954 & %& 2, 47%) A
hPLSCRA(Ym 5329 R LR, 46%). LA, 75 5K i
RAEFE FEmE E I e 7 B 5 £ 55 o 28 e B 45
F| T hPLSCRAS R W24 f [RI YR R . TRt WF 55 K
L, B I € AT B 2 — AN 2k R KR, B HEhPLSCRI .
hPLSCR2. hPLSCR3FhPLSCR4 4 FH R A .

PLSCR/Z — 41 [FY5 B R 57 [ Ca® &5 & AR HE Btk
A s E 1, 5 AR AR R TR A4 2 1 o — A, BRI
A IPLSCRIT] 4 & 7E MR L, 17 AEAR AR B A4 I PLSCR 1
W) 3 N 20 PR A PR R A Y. AN o AR D 0l i XL 43
T2 A B2 PR T (1) B A B 2R, SRS An B IR
it 22 & FR (phosphatidylserine, PS)F i i Bt 2. BF fi%
(phosphatidylethanolamine, PE)%> 47 7& & i A XU 73
JZFR PR, AR A 3% T 4 16k 11 96 IE B (phosphatidyl-
choline, PC) Al i fi (sphingomyelin, SM)J3 Afi 7E JIE 4
M, TEEAE LT, BREENE 757 (B A7 E E A g 18 ]
WY H e M4E. B SIS ), (AT M A
A B R T R, P Rk B Cat AR A 4
s b FFIPLSCR 13 2 4 B s 835 g 23 ¢ A2 Jo R
W), RAEPSHET TAREIY., fFETHMW
KAt 2k dU i APLSCRIF] Y5 % [Klscrm(scramblase) t
Z5 7 AR TIPS AR EIPL. 4, PLSCRYE
WNIES 5 TR, Zekiik s i) 5 ohae 4.
M e NPT, AR e Sk . Bk
PLSCRYEMLIAH 2 5 2 Fi g B3 72, AH G 1% 56 R (1)
TRIEANE RG4S . A UM PLSCRIE R 1 45 4
Hikh. Rk, @06 LR ThRERAT T 45k .

1 PLSCREFRZEWMSiH SR

Wiedmer&5:? FliK asukabe 5% 52 & BN, hPLSCRI
HHO/NIME . 84NN & 1 FIS I 387 51 2H e, e A

1

5' |

/

5'00 32 7 41 [1)-95 bpEI Z5 14> Fh I 1 1{1+60 bp Ay Jii 5)
FIXo B3 XAFE2ANGCE (R T-79 bp~66 bp
H1-59 bp~46 bp). 1 MCCAATE(f7 F—111 bp~—101 bp)
A — B8 B SR PN R - W0 0TS 2R H4(activator pro-
tein 4, AP4). | Jif ] ¥ Kl 1 (upstream stimulating
factor, USF). H#% % 5% il % A 1 (eukaryotic tran-
scriptional regulator 1, ETRI). Tt 2 Ml B ook
(interferon-stimulated response element, ISRE)F1-F
$1t 25 U8 715 X -7 (interferon regulatory factor, IRF)%5 []
e XW, SRR TIEmILIX, ST F2~9%51
N3N E IR E )i, PLSCRE MK A, [
TPLSCR2, ¥J B AT I E & i 2 e HON- [X 3, I
WA 2 AR5 IPXXPAIPPXY B 4 (motif), 7T 5 &
A SH3IMIWW 5 K 3801 2 A 5 AH BLAE T Btz
Ab, WEN TR, ZFEE A S & A AR
Tub_ 28 Z & (superfamily) b #4385, 1% 25 14 32 H112
ANBHT B FNC-3 () o e 4L o I ol e A — A 15 L
WELJiE 45 74, 284Ul T Tubby 28 11 5 [ C-3ify 45 #4350, AH
KARIEFR, Tubby®E A/ S5 T AR 1 B
TR, Tub_ 28 5 R G HIR N A SRS B2 7
Al 5DNAM HAF F FIDNAZE & 45 My I(M-E). & &
&R 1 X 3(CCCPCC). ¥ 5 A i 5 A\ 40 i%
1 HE 28 i 1 4% 5 215 5 (nuclear localization signal,
NLS)(GKISKHWTGI). {r5F [ Ca* &5 G EF LI E
4E 14 18(DADNFGIQFPLD) M & & i 7K P & 3 82 1)
I [l X (KMK AVMIGACFLIDFMFFE)™,

X AN [E A P PLSCRA: PR (1) A [R] 30 2 2 1 )5 7 471
BEAT 4T3 23 4T, 1A R R FHMEGA4#R A, F)
FH Al 42 5 ¥ 78 &% W, PLSCR3. PLSCR4MIPLSCR5#
FUER 0 B 23 A1 (812), TITPLSCR1AIPLSCR2F) 4341 He
BUHRAL o HEMIX AT BE HH TR 2 DR 25 4 LU AR bl i
%, 140 NPLSCRIZE (hPLSCR1) 5 hPLSCR2(59%)]

I I v \%
| | I 3
Tub_2 superfamily \

BENRICAT AL (K& A5 1A |70 (R T (K1 Tub_20BE SR ES A3, oA SR BOGBERIBEAT . 1. DNASS & 25 M3 11 R BRI [X I 1L 4% 5E

LA T; IV: Ca 45 B EFF IR B 45 i3k V: B8 X

The gene of PLSCR family contains a conservative domain of Tub_2 superfamily which has 5 key and conserved motifs marked in roman numerals'™”".

I: DNA binding motif; II: cysteine palmitoylation motif; I1I: nuclear localization signal motif; IV: Ca** binding EF-hand-like motif; V: transmembrane

region.

El AR TEE R E LA
Fig.1 Structure of phospholipid scramblase gene
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WA .
The evolutionary tree was constructed with the method of adjacent building by MEGA4 soft. Purple, shallow blue, blue, red, green represent the differ-
ent subtype proteins of the PLSCR1, PLSCR2, PLSCR3, PLSCR4 and PLSCRS5 respectively.
The original tree of PLSCR proteins is from species as follows: HSPLSCR1 (% N fI§IC1T i, Homo sapiens phospholipid scramblase, NP_066928.1),
HsPLSCR2 (NC_000003.12), HsPLSCR3 (NP_001188505.1), HSPLSCR4 (NP_001121776.1); PtPLSCR1-1 ((2J£4%, Pan troglodytes, XP_001135229.2),
PtPLSCR1-2 (XP_009444920.1), PtPLSCR2-1 (XP_009444911.1), PtPLSCR2-2 (XP_009444912.1), PtPLSCR2-3 (XP_009444913.1),
PtPLSCR2-5 (XP_009444915.1), PtPLSCR2-6 (XP_009444916.1), PtPLSCR2-7 (XP_009444917.1), PtPLSCR2-8 (XP_009444919.1), Pt-
PLSCR3-1 (XP_001174792.2), PtPLSCR3-2 (XP_003315398.1), PtPLSCR3-3 (XP_009430014.1), PtPLSCR4-1 (XP_003310155.1), PtPLSCR4-2
(XP_003310156.1), PtPLSCR4-3 (XP_009444909.1), PtPLSCR4-4 (XP_003310158.1), PtPLSCRS (XP_003310100.1); MmPLSCR1 (“MZ R,
Mus musculus, NP_035766.2), MmPLSCR2 (NP_001182013.1), MmPLSCR3 (NP_001161969.1), MmPLSCR4 (NP_848826.1); RnPLSCR1 (#5
X ., Rattus norvegicus, XP_006243600.1), RnPLSCR2 (NP_001014116.1), RnPLSCR3 (NP_001012139.1), RnPLSCR4 (NP_001012000.1), Gg-
PLSCRI-1 (J&¥, Gallus gallus, XP_001231237.1), GgPLSCR1-2 (XP_422696.2), GgPLSCR5-2 (XP_422697.4), GgPLSCR5-3 (XP_004943368.1);
XIPLSCR1 (FEIMJKEE , Xenopus laevis, NP_001089425.1), XIPLSCR2 (NP_001090508.1); DmPLSCR (&R, Drosophila melanogaster,
Q8IQDR); AcPLSCR2 (%2 5: /R ilfi, Anolis carolinensis, XP_003230373.2), AcPLSCR2-1 (XP_003227037.1), AcPLSCR2-2 (XP_008118262.1),
AcPLSCR5-1 (XP_008118266.1), AcPLSCRS5-2 (XP_008118267.1), AcPLSCRS5-3 (XP_008118270.1), AcPLSCR5-4 (XP_008118271.1), Ac-
PLSCR5-5 (XP_003227040.1); DIPLSCR1 (B 8, Danio rerio, XP_003201533.3), DIPLSCR1-1 (XP_693207.5), DrPLSCR1-2 (XP_009295907.1),
DrPLSCR2 (XP_003197974.1), DrPLSCR3a (NP_001098583.1), DrPLSCR3b (NP_998031.1), DrPLSCRS5-1 (XP_009301436.1), DrPLSCRS5-2
(XP_009301437.1), DrPLSCR5-3 (XP_009301438.1), DrPLSCR5-4 (XP_009301439.1); CiPLSCR1 (3% #5 g #§, Ciona intestinalis, XP_002121993.3),
CiPLSCR2-1 (XP_002131364.1), CiPLSCR2-2 (XP_009858073.1); Cescrm1 (75 Wi FaAT4k H, Caenorhabditis elegans, NP_001251705.1), Cescrm2
(NP_493321.1), Cescrm3 (NP_503934.2), Cescrm4 (NP_492975.3), Cescrm5 (NP_500500.1), Cescrm6 (NP_492890.2), Cescrm7 (NP_506646.1),
Cescrm8 (NP_500501.1); HYPLSCR1-1 (K48, Hydra vulgaris, XP_002163447.2), HYPLSCR1-2 (XP_012565297.1); AQPLSCR2 (¥4, Amphimedon
queenslandica, XP_003382485.1).

[E2 PLSCRHIZFHEILH

Fig.2 The molecular evolutionary tree of PLSCR
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Black boxes and the linking lines represent the exons and introns respectively. The numbers above the boxes and lines indicate the size of the introns

and exons, respectively.

The genomic structure of PLSCR genes is from the following species: H. sapiens PL1 (%5 NB§ARICATHE, Homo sapiens phospholipid scramblase,
NM _021105.2); P. troglodytes PL1 (FEXESE, Pan troglodytes, XM_001135229.4); M. musculus PL1 (/N5 &, Mus musculus, NM_011636.2), H. sapiens
PL2 (NM_001199978.1), P. troglodytes PL2 (XM _009446636.1), M. musculus PL2 (NM_001195084.1), H. sapiens PL3 (NM_001201576.1), P. trog-
lodytes PL3 (XM_009431739.1), M. musculus PL3 (NM_001168497.1), H. sapiens PL4 (NM_001128304.1), P. troglodytes PL4 ( XM_003310108.3),
M. musculus PL4 (NM_178711.3), P. troglodytes PL5 (XM _003310052.2), M. musculus PL5 (NM_001195693.1); G. gallus PL1 (J&3%, Gallus gallus,
XM _001231236.3), G. gallus PL5 (XM_422697.4); D. rerio PL1 (3t 5 ff1, Danio rerio, XM_003201485.3), D. rerio PL2 (XM_003197926.3), D. rerio
PL3 (NM_212866.1); C. intestinalis PL1 (¥4, Ciona intestinalis, XM_002121957.3), C. intestinalis PL2 (XM_009859771.1); C. elegans scrml
(F5 N FRAT 28 B, Caenorhabditis elegans, NM_001264776.1), C. elegans scrm4 (NM_060574.4), C. elegans scrm5 (NM_068099.4); H. vulgaris PLI (7K
W, Hydra vulgaris, XM_002163411.3), A. queenslandica PL2 (#§43, Amphimedon queenslandica, XM_003382437.2).
B3 ZMFHPLSCREEMA S FINE T D HE

Fig.3 The analysis graph of introns and extrons of PLSCR in different species
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Percent identity

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

HsPL1 1 89.1289.1 745 [65.5 [655 [67.3 |61.1 611 [51.9 [58.2 [60.0 745 636 [44.4 [25.0 (691 [63.6 667 |61.8 [50.0 |28.0 [69.1 (655 | 1
PPL1 2 0.0 855 |89.1 (89.1 | 745|655 | 655 |67.3 |61.1|611|519 |58.2 | 600|745 636 444|250 (691|636 667 618|500 289 69.1|655 2
MmPL1 3 |162]162 -|ESE 83.6 |80.0 (709 |70.9 | 69.1(61.1|61.1|51.9 618 636|818 691|472 (278 691|655 697 582|526 |316|764 691 &
HsPL2 4 [118 57.4 |57.4 [50.0 [58.2 [60.0 [78.2 [63.6 [44.4 [250 [655 [60.0 [66.7 [60.0 [50.0 316 [727 (665 4
PtPL2 5 118 574|574 [50.0 |58.2 |60.0 [78.2 |63.6 |44.4 |25.0 |65.5|60.0 |66.7 |60.0 [50.0 |31.6 |727 | 655 &
MmPL2 HER 57.4 [50.3 [51.9 [54.5 [56.4 [74.5 [61.6 [47.2 [27.8 [655 [60.0 [63.6 [56.4 [44.7 (263 [67.3 (618 6
HsPL3 7 |46 50.0 |50.0 [38.9 |52.7 | 527 |65.5 |50.9 |47.2 |33.3 |61.8 [63.6 |66.7 |60.0 (474 |263 |67.3 600 | T
PtPL3 8 [46.1[46.1 368 [40.4 [404 [520] 00 50.0 [38.0 [52.7 (527 [65.5 [50.0 [47.2 [33.3 [61.8 [63.6 [66.7 [60.0 [47.4 (263 [67.2 [60.0] 8
MmPL3 9 [420]429]308 429420 66677 | 77 51.0 [38.9 [50.9 |50.0 [69.1 527 [528 [33.3 [655 [65.5 [60.7 618 [50.0 263 [69.1 (618 | 9
HsPL4 10 [543 (543|543 |620 (620 620|799 799 |750 79.6 |46.3 |48.1 [61.1 |48.1 417|222 | 537 (444 |545 463 (474 |316 |593 519 | 10
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prLs | 13 [60.4 [60.4 [52.0 [60.4 [60.4 685 [72.9 720 [77.5 [90.3 [90.3 [100.0 927 [56.4 | 76.4 [27.8 [25.0 [50.0 [47.3 [51.5 [465 [34.2 [21.1 [527 [50.9 | 13
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GgPLW 5 15 [31.1 (311|209 |258 (258 |31.1 |46.1 461 |39.8 [543 |50.7 |79.9 |64.3 | 60.4 27.8 |655 655 |69.7 | 545 (474 |31.6 |B0.0 |[727 | 15
GgPLS 16 [49.4[49.4 308 [40.4 [40.4 (520 [77.5 (775 |72.0 849 [849 [100.0] 28.4 | 311 |46.1 25.0 [54.5 [49.1 [57.6 [45.5 [44.7 [21.1 [60.0 [527 | 16
DrPL1 17 |96.0 |96.0 |87.6 |96.0 [96.0 |87.6 |87.6 87.6 |72.7 [100.0/100.0/100.0(100.0{100.0| 87.6 [100.0 389 |50.0 |536 |36.1|36.1 194 (417 |389 | 17
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CiPL2 21 (439439368 (430430 404430 430 338|585 685 |75.0 |75.0 |75.0 [38.8 617 |70.8 [100.0 357 [66.7 758 | 21
Cescrm] 22 |529 (529 604|566 [56.6 643|566 56.6 529|903 903 |100.0/929 929 |68.5 929 [100.0/100.0 368|545 564 | 22
Cescrm4 23 [79.9[79.9 (731790799 (951 [87.2 [87.2 [79.9 |87.2 |87.2 [100.0/100.0/100.0| 87.2 |95.1 [100.0[100.0 731
Cescrm$ 24 |100.0{100.0{100.0/100.0{100.0/100.0/100.0/100.0{100.0{100.0/100.0/100.0|100.0{100.0/100.0100.0{100.0/100.0/100.0{100.0{100.0/100.0
HyPL1 25 [39.8 (208284 (2303320 (420420 (420 308|581 581 |79.0 |72.9 [685 [23.3 [56.6 [100.0[100.0[40.4 [42.9 [43.0 [685
AqPL: 26 |(46.1 [46.1 398 |46.1 [46.1 |52.9 |56.6 | 56.6 |52.9 | 750|750 |96.0 775|729 |33.9 | 729 [100.0{100.0/ 60.4 | 46.1 | 29.3 | 64.3

1 2 & 4 5 6 4 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22

IT (Ca*" binding motif) 11l (Transmembrane region)
|

HsPL1 C LREAFTDADNEFGIQFPLDL DVI\MKA\'I
PIPLI PEAFTDADNF\ PLDLDVEMKAVA
MmPLI
HsPL2
PIPL2 LP.EAFTDADN- )
MmPL2 s EAFTDEDNFGIQ Y.Muw LGACFLI
HsPL3 GRl GIARE DAD QFPLDL KAVI LGARFLI
PIPL3 G GIAYR. ( E‘PT DAD KAVLLGAWFLT
MmPL3 ( G F GO F PDLDVKKA (AVLLG
HsPL4 G F LT PLDLDVEMEA]
PtPL4
MmPL4 180 Z
PIPL5 3 INF( PRADLDVERGKAR
MmPLS c} PHD‘J[‘ KA
GgPL1 EG \DL'E‘VKM}'J‘-;VI IL.C
GgPL5 ¥ *[JADUE‘EFAvh
DiPL1
DiPL2
DiPL3 ( GRLIEY NFGIQFPLD mvmn‘}\vn&u
CiPL1 JGKI TELT EA‘L- ’I’DALIJ"‘G ,gE‘PI \D DVE\'"‘“I‘L LL'
CiPL2
Ceserml
Cescrmd
Cescrm3
HvPL1
AqPL2

BFD AR ORISR R A R R B3 th, 5 Rom AR B Rl b e A R MR IR, IR AN RIS Fr A B .
Comparatively conservative amino acids of each species were marked with different color shadows, an asterisk represent the completely conservative
amino acids in each species, the position of the broken line shows the different functional motifs.
The exon 8 of PLSCR proteinsis from species as follows: HsPL1 (% N figI€1T /¢, Homo sapiens phospholipid scramblase, NP_066928.1); PtPL1
(SRR, Pan troglodytes, XP_001135229.2); MmPL1 (/N R, Mus musculus, NP_035766.2), HsPL2 (NC_000003.12), PtPL2 (XP_009444911.1),
MmPL2 (NP_001182013.1), HsPL3 (NP_001188505.1), PtPL3 (XP_009430014.1), MmPL3 (NP_001161969.1), HsPL4 (NP_001121776.1), PtPL4
(XP_003310156.1), MmPL4 (NP_848826.1), PtPL5 (XP_003310100.1), MmPL5 (NP_001182622.1); GgPL1 (X%, Gallus gallus, XP_001231237.1),
GgPL2 (XP_422697.4); DrPL1 (Bt & fii, Danio rerio, XP_003201533.3), DrPL2 (XP_003197974.1), DrPL3 (NP_998031.1); CiPL1 (¥4
84, Ciona intestinalis, XP_002121993.3), CiPL2 (XP_009858073.1); Cescrm] (F5 N FaAFLE ., Caenorhabditis elegans, NP_001251705.1), Ce-
scrm4 (NP_492975.3), Cescrm5 (NP_500500.1); HvPL1 (K¥S, Hydra vulgaris, XP_002163447.2); AqQPL2 (#F4%, Amphimedon queenslandica,
XP_003382485.1).
E4 PLSCRIME-F8EBERAMRTIHESH
Fig.4 Aligment of PLSCR exon 8 proteins by Megalign in DNASTAR soft

hPLSCR35E 1 T17°5 Je o ik I, H A IPLSCREE[H HE—20 A7 R B, PLSCRI135A T, 55 £ 41 ffa A1 i
%Miﬂ%%%%é%t@i&E@3q23/3q24u,mﬂ2] N ANERAE N ) 2 PRt &, TITPLSCR3 F ER A T4
“H 2R JNorthern blotZh S iR, FRix41 241, PLSCRI1 FiARF, PLSCRATE 4 A MLtk B 40 ffa rh % A5 ik 2,
MIPLSCR3) 7z ik T/ A4, PLSCR2ZHFRIL T T 24 Jf 7K SF- %5 58 % B, PLSCR1SE A7 T 5t L 1)
S, MPLSCRAT/EZ A AH P RT IR, M5,  IREEREMX IR R E/NE), lBREIERN— N EEE
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ARSI &, R¥EEEBENEN, BFESH S,
i JE AT N A P S d . o WA RN N AR
FHUO, KA HE BE AL BFIPLSCRI1 7] 5 36 iz A4E KR 1 32 4
i T NN R AR L, FlKeE, A%
B AE KR T H3CR, PLSCRIHEN N /N, R A
KPR F 2 ARTE IR R P B, T PLSCR PR IR
[ 380 5 B, JEAE AR AL Y PLSCR 125 [ ] LA
NN N B 51,4,5-= BB WL 32 741 (inositol
1,4,5-triphosphate receptor type 1, IP;R1)3: [ (15’
JA BT XA A, T % R R R A,
Ab, TE ARSI B AE K 4 i 5 45 I, PLSCR15 g &
% W B Lyn f1Syk (IgE 52 PR 15 5 5% 5 N lig A #2 04F)
g A1, FEfMLP(H Bt At Met-Leu-Phe) 30 (1]
PE b7 40 A i 2 bt & BPLSCRI1U, e 4b, 78 3L
by 200 i 2 0 955 1 0% i A R i 35 R R R BRLAF L
PLSCR1[5191,

3 PLSCRHYINEE

PLSCRYE AL AR 4544 F—FARTR~F, H o
i T2 PHLURAN, B ke HERT, PLSCRIEAY)
R R E T ROCEERERH . B EHITZFIRN
W T S IR HA K 2, (HXThPLSCRIDAE IR R
CARZIIE. EARNHFESRRAY . Zhifk
SER R ThRE4E . MBEE . AT, RS R
P R (E5).

3.1 WEAEIRITESS SRR R

JIg 107 240 PR e i I v 3 RS P RS T 7 HE AR
A2 BN R 8 A0 ) 2 B fa R R 3R 2 — U7, X 2
RUFZFEL — AN RIE . BHIC R I, 76 NAR AN AR
JoR AR G A 140 AR 77 R0 UL PR 4B R PLSCR3 S 2 Ry 3R
kS Gk — W FE R I, PLSCR3™ R /N BR AR I HY
S NG IE DT HEAR . AR A R RS R
S AG(EERE . Hl =Ba. ARM7ERANE & H) &L,
FLIFAR G 17 40 B A S 7 X A i 5 25 S B T R
Fal718, i H £ PLSCR3™ 35 [ (UA X PLSCR(1&3) ™
U (R R B ) /N B, 22 Bl AR P ) 1) R I8 B 52 18 Ml
AT Bl ()Y 1y, H R RARFIAERRTH A 2 5
=D Al B S 2 £ 0 P i s 22 1
KIL, PLSCR(1&3)" X3 Al i 71N B EL PLSCR3 ™ i
B B0 /0 BT oy ME AR 22 P 42 v, B WIPLSCR1S
PLSCR3[1# 5 ThREAAL, 2 5 5 AR, X
S5, PLSCR3TE /N ERIE I AR R fE b B
HEMEH.
3.2 HAEIRITES S SR AT e RV 4EHS

0> 1% JIE (cardiolipin, CL)=E EL A7 7E T 2 R4k 1
W, e I O A T AR 28R A A B (inner mem-
brane, IM)JI& [ A B, W24 25 44  JoT 2 s A 1Y)
FeE YEAE R A D R 0 R HE B B . A
FEH, PLSCR3Z 5 1 £ i 44 Uil i 10 M Sk & R 1
ARG, 11 K5 B G U CL A ZRRL A N 4

Functions of phospholipid scramblase

i 1 v ! ) v
Lipid Structure and function  Blood coagulation  Cell apoptosis  Cancer development Immune response
metabolism maintenance of cascade
mitochondrial
Regulate the Participate in St i Involved in The high expression Interact with
expression of cardiolipin PS extomalization intrinsic and of PLSCRI inhibit viruses to
metabolic genes synthesis®! blocked. blood extrinsic the development of regulate viral
involved in lipid coagul,ation apoptotic leukemial®¥ infection!®
metabolism!'*] - responses!”!
Regulate abnormal*” . .
. Antibacterial®>'!
process of The low expression of
mitochondrial PLSCRI inhibit the
Regulate the rate autophagy®®” development of
of fat Systemic lupus colorectal cancert*?

accumulation!'”-1®]

erythematosus-
PS extemalization
elevated, blood
coagulation
increase!?*!

El5 #iAEeITEERIThAE
Fig.5 Functions of phospholipid scramblase
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FI) 28 k57 4 4 JIF (outer membrane, OM) & #% 1 122,
2@ i siRNATH N HPLSCR3MIFE R F A 5, KB
S 8 5 T R G, SRR T B k), 4R R F e
ATPHIG i & S b, ZRRLAAR IR D8 55, 28 A 25 1)
LR T I B B AR, PLSCR39E7A8 {4
o iy ok 8 A 26 ATBid 5 5 R T A SRR D g, (R
CLR 2800 A A0 I 32 B B B AR G AP0, 33 5 i 5
I8, R KR R EFE S, PLSCR3Z: 5 (1.0 g
(1) A1 B0 s 1 M R 7 T A SR [ 5 R 28 Ak 1Y) B 2
HAF, X UL BHPLSCR3tE 2 5 F1fH% 1 H W F22,
PLSCRZ Ji% & T PLSCR3, PLSCRIZE H Wi 4 ¥ ik
R B EEAR A, A, H S8 E I
30 T Z i — B A
3.3 #BEMRITEeS 5k m

WAL AN BB AR A% (20 4 B IR . P9 B
Y1 B S At 41 ) P 4 A 2 T 2 A T 22 IR 1) S0
AR A5 51 RS Ut I 28 BBk s NP4 W R4 A AiE
(— i I el A2 R T L I PLICAT 38 3l 7
5 3PS HIMEN 52 BH I T ECH A J5 P L R A R . 1
CRAE B E RN SPSH R PSR A 1 ] i & A
FVafllFVIasZ R Je R AN 22 B ik iR, K
10% 1) Z2 40 P 21 BE AR 58 2 1) B A% 41 B WhPLSCR 1
DA B I3 BT A Ak Rk B I, FEAERE A PSAE
B4 &, RIS — Fh o o A& g e, 75 4b,
M TlE i 5 B IF £ 8 R P9 40 5t R B A AT B, L
PLSCRIFE L M T &7, 78 REMEL BUIRIE DL I
Ui 5 G IE B3 I B AZ 41 e, PLSCRIF R IA &
Lo IEH ANBE =, RS 5 i R 22 2088 78, nT
i 3t AR T B S0 A P e R AR R, B H AT A
1k, i I QAT il 57 e G Ath B8 R 7 458 it 72 v i) 7
A WARIE
3.4 WHEEMRCITESS SMET

S T 2 RS N ERE N RS,
FER P i 5 R P AT, XA
REEREZEEHRENERS, HiE e —
RYVEE R KR GIBR [ SE, 7T F V22 200 Ff &/ R0 240
WAE 54 7 B A BREADR B S 708 351252, L EE 4
Mk AT P R R AR AR . AR TR R AR H A A
BTS2 AR R, T P PR MR 42 B B SRDNARI 25 )
B 28 Ah 28 48 S i 0. PLSCRAE P Y5 A AR5 IR T
SN R A B AT EE AR R, 40 MO T L, PLSCRAE
PS5 5 B 40 B R 111 [m) B MR A L i H — A T A5

5, MM AW AE BRI T AN R A IRIE AR, e
PLSCRI1 [JCHO-K1 4 (A ik N IR PEPLSCR 1) A K
15, TR R A SR, AARAET R4 m, IR
S EPSH BN A A IR, HAEREE KRR A
K Ii#-3(Caspase-3)#% B id ™[RR, 78 1 10995 4 i Ak
U937+, PLSCRI ) =17 18 A1 A7 BH S 1 b 4 T -3
FIEE H EC(protein kinase C, PKC)¥E AL 38 0 1
RFCIAT i S HI4I 12, (HPLSCRI1[i% S AR
2 b 2 4 RO E TS0, PLSCRI1E S 1] LA 4 £
T AR R FRIA, UnB-E3A 5 [ 1 (catenin beta 1, CT-
NNBI). MR FEIR -8 5% 1% 52 13 (tumor necrosis
factor superfamily member 13, TNFSF13). &t S
(gelsolin, GSN) LA K i J& 3§ Z= D3 (cyclin D3, CCND3)
00, B TPLSCRIA: 3 T2 F 4 4F, PLSCR31E %
AR FIBIA TS T T R AT (2 E4H B T AR B AR
PitE-841 3 P 4 B 1 T A o, VAR D A% TR Tl -8 2 A
Jf 5T B 1 Bid 2 2 R AR i L AE tBid, tBidfE BERR 1L
IPLSCR3MIAE A T iE N2k, Hidid 5 CLAH LA
FABE 0 i 78 6 T 2o ik, f 243X Fid A6 I BidIsS
BaxFl1Bak & [ -7 B4 At €0 28 i s 4 9 1
ERECA AR E MES P, TE HESh P 75 T B AT
25t B AR TCAT B 1 (serm 1) 5828 5 th 2> S BUH T4
Jil 2 T AIPS B2 75 32 FHY,  [A Ik, PLSCR15PLSCR3 4
PN (R4 T e -
3.5 BERITHEES5ET

% TPLSCRYE ¥ iE *F 14 FH, W 09 5 1) 42
PLSCRY5 A 1ML Y 5< & . PLSCRIf % S 3 ik A
A R 11 95 40 B ZRU93TAE A4 P AN A4 b (1 438 i
A K T 0 AR AR L, 7E RS P I 20 Ak
HPLSCRI) 3 i & i K, MIPLSCRIF i 21k X J
755 I8 40 R 234k, 491 Gne] DL B R 3 2 v R4
L I 4 AR 23 4k, AT RS 21 VE 9T AR HBY . 1X—
g AE 2O i B8 1 3 I (acute myeloid leukemia,
AML)[ B H A FRESL. TR, mRIEEN
PLSCRI1 ] ZE K555 N FIAZ TG BT [R]B4, 4 AMLAH i A
DR AC R, PLSCRIMRIE & 7 HIm i N #%
It 5 IEEL4,5- = B R L IE 52 7R 1(IPsR 1) 3 3l 1 45
4, NI INIP;R 1463455, PLSCRIZE ) LA fifitE
1 IfL975 4T 22 R A s 4 e o ) 3R0E 2 F R
AR S S0 B, X5 S50, 6l ln4s
S R AN 0 I8 PT 51 R 1 L 4 B AR BT
1Ht, PLSCRIAT AR Sy —Ffo 8 (1 98 75 14 B 100998 T fs
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IR FB8 A 26 BB 78 27, PLSCR LI 20 41 A J 3
Ho3 A0 AH O HE IR 1) R 3K, an {2 iEp21 WAF1/CIP14&
15 A S0 B He-Myce R AP, 6B 5840,
PLSCR17] Hc-Mycl#) 11 % 5 i 45 K T-onzin4h & K
FEAEIPY, 22 EAR, PLSCRI1A] LLE g — AN bR 410
1) DR [ VR 97 1 ML o

SR, B SRBR Z2 IR {2 7R, PLSCRSYE 45 B )W
e PSR, FREIES RSB A ME R, A
JXPLSCRs I IA BT LA 1) e 4 B ) A= Ko 510,
B TR, PUIASSIRNAS S 125 i AT e i3
A4 NPLSCR1F¥ IS i AT 175 45 Jieh e 40 i 480 2 gk /14041
siRNAT#PLSCR1/J5, 25 H W7 s 41 M #R Lo Vot 2
Kid R ARZ%, Fh I )1 T B, RIIPLSCRIZK I & [ B&
I f8 02 2 00 ) e 24 i F 38 B RN G B 2 [ R
Hb, PLSCRIY, = 35 - U1 5L 40 M, 76 1% 480 i o,
PLSCR1#] 3 1% 7K °F- & i 12 SnoN(ski related novel
protein N)#E 17 1 45 1), SnoN & TGF-B(transforming
growth factor-B){5 5 18 % 1) 7 42 K111, MCF75L
Ji 38 20 it Zoy-4 S AL B S PLSCR2EE (/K P& R
T, AT M CIRIEFR, PLSCRIZE il i3k i v & 4%
HEAER, WSnailfE 2 M iE #0221, 177 Snail
XA LA TPLSCRIF K35, X W] g 2PLSCR1Z 5
B IALH 2 —T Ak, 75N B B 21 fiHeLa,
PLSCRIT] 5 Ifil # A A & (angiogenin, ANG)AH H.1E
H, 12 ANG rRNA%E 5%, - HAE e 2 e i i A2 vh
SO R R 78 S e RE 1, ANGEAG it s 3 AL
R0 9o 4 L 6 L A R B 2 R ) R A
R DL S G AL B A D148
3.6 BEERITES5%RE

PLSCRI72 T3 % (interferon, IFN)JIJiFE A, IFN
Al ShPLSCR1 5 & I&, fEIFN-02a1% S i1 A 2 iR
Y1 it R0 I 5 ik N B2 40 L, PLSCRIR IA & TH & 1
10559, 1t 4b, hPLSCR1E A DL #71FN-a.. IFN-BA
IFN=yi%5 5 3 R AP, IFNSTE U & PUIb s, Bt
I R G 2 R YT R 2 i A Ol IE JAK (janus kinase)/
STAT(signal transducers and activators of transcrip-
tion)id 4% >R WIS R IAW), H R IEFPLSCRIE S 5
ZIE R TEPUREE I FE P, IFN-o a8 I I 7 s
PKC-8. JNK. STATI, [ i{HPLSCRIZK A, B 11 5
TIERPUKETFIER . PLSCRISH I TR M
SN TG4 (ISRE), hPLSCR 1 fIISRES T 45 1M &8 1
b(+21~+35)°), TFN-02an] L IF ISREH T PLSCR1

(%% s A5, B FPLSCR 1AL JAK/STAT I #%
k2 5Hu Rl 72, B, PLSCRIFESUR i 72
A P LT 4 ok 2 52 VERY. BFFE R, /)
B, 2T 4 BF 41 g b OPLSCR 138 34 BRI (G it siRNA
BUPLSCRI™H: PR R ), K3 M 11 48 9 25 R0 g 0 JUL
28999 B I B B RO N, A HiIE AR, IFN-a
FVEPLSCR Y ey 22 1 ] PR 47 40 Jf0 4 52 40 ¥ €00 70 )
BRI P2 A BB R 52t PLSCRI1 AT % 5 s A Ak
TN ML 55 1 5 2 AH AR, ie v 5 N2
G P B 9% B8 18 (human immunodeficiency virus-1,
HIV-1)1 B /E P>, ZETibk B 40 g 7, PLSCRI1A
PLSCR45 7 T i JEE b (%) B A PUHIV-190 25 3% 14 1)
CD43Z AR K HAE HBY, fEHepG2AHuh74M il £ LA %
/N, PLSCRIF RIS | LB R i 88 1 &
i, R PLSCRI1 AT i i 1 F5IFN-ofITFN-y fif L
b SR ) TR R B % B ) BRI, H A BT R
P, PLSCR1 ] i Bt P BT 3 75 I N 1R« #EHEK293T
AHuh7.5.140 g f, PLSCR1 7] 5EURIEL A I 9% 5%
JELER I AH ELAE FH, SRV TS T8 9 2 I LT, PR,
PLSCRIAN AT DL 1] 2 52 il A% ik 7] AP By
TR TR YL

Toll ¥ 52 1K (toll-like receptor, TLR)FJ {F Ay A5 2
T 52 AR TR ) 3E N 200 P 055 D A% T AN B o,
FESE RGP R GE T KA <A Y. REPLSCRI
W e R S e BB AN TLRAS 5 i 2 I VR 4r L H T
AN 2, (B0 70 R IR, PLSCR IS K G2 S v ifd
PEZ AR — E KR, PLSCR1H] 5TLRIAH
HAEH, I 18T TLROA FIFN-aff) 7= 41", PLSCR
RILKFBEENRZ . 2. M TS S
) UM 6 TR 2 SO () R AR T A BT i Jed SR 2K
[A-F-a(tumor necrosis factor o, TNFa). H 4l /&
(interleukin-1Bflinterleukin-6) 1 T $t Zy(IFNy) ]
W I 20 s Hep B3 A1 I 7 44 B3 T3-L1H, PLSCR1
PRIEEA A T EWP FRE, R R AEKEE
“F(epidermal growth factor, EGF). - 4f fifd [Al ¥ (stem
cell factor, SCF) KL 4H i 4 ¥ #l 51 [K] -~ (granulocyte
colony stimulating factor, G-CSF) | *INB4F1HL60
24 L P PLSCRIf #6748 B 2 B, SR, H
& Z 55 F BN 7 5 425, FRPLSCR44N, H
i FIPLSCR A I i 5% ImRNAF 25 1 Joit 20 % A=
TR AR R4 e, PLSCRITA] 5 2
3(proteinase 3, PR3)FH ELAFEH, PR32 5 k% 44 A 2 Jit
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T 1K) SRR Sy TP, IE A HRIEFR, PLSCRIE N
— NGBS R R — R IS KA L5 5 B2 2T

4 Hio5r®

25 b PR, PLSCRy& —Fha b LU S 2%, (A LE 3k
b ARG PR SF ( 2E IR S8 I 2 S LR A P S AR
LR ARG R FN D) RE M AEFE . B N 20 R 5
AR T DL R e 2% 45 0 %, PLSCRAE A=) 44
Z P A AR R R R ¥ R E R . R, X%
FOIE R AT IR N T F0 % BN LR AR I A AR 25 1
BT B R . Bl % FPLSCREKE
W7 FE R AR AN RS A, BANER S
ORI 2R B SR S B A B AT, (E L T RE IR A
FEHSANE IR N o T AE 1% 28 I Ji 72 (PLSCR1-4) 1 5
% ()& XFPLSCRIMPLSCR3 (I HF 7%, HoAth i 5 1 56
K] 45 46 e A ERSR R LV 28, (H D R85 4L i A4S B
fffo BEAh, 304K AR IE th H e IHZ SR B — i R
HEAT B FC, BATAS HE X 2ePLSCRs T B /2 15 AH AL,
EATIA 2 1) R B ST R R B AU Y, IX
e i) A S P AR R . AR, A
FPLSCRYENLIA N KR D fig L & 2 5 i 1E 2
KARIEHE
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