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PtdIns(4,5)P2 4 [11]
CX5R motif 2 Fig. 3

in vitro in vivo
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TMEM55b /
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EGF [12]-[14]
PtdIns(4,5)P2 4

TMEM55B PtdIns(5)P p53
[15] TMEM55A

 
 

PIPs [7]-[9]
[16]-[19] [20]-[21] PIPs
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PIPs PIPs

PIPs
TMEM55A
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FFig.  11  
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FFig.  33  TTMEM55A/TMEM55B  
NCBI Reference Sequence Database TMEM55A TMEM55B

TMEM55A: NP_061180.1 TMEM55B: 
NP_653169.2 ”3”

”4” ”5” ”6”
CX5R motif

TMHMM Server v. 2.0  



1  
1-1 TMEM55A/TMEM55B  

TMEM55A TMEM55B RAW264.7
 

TMEM55A TMEM55B pH1
siRNA Table. 1

5′-CCC(X)19TTCAAGAGA(Y)19TTTTTGGAAA-
3′ 5′-CTAGTTTCCAAAAA(Y)19TCTCTTGAA(X)19GGGTGCA-3′ (X)19

(Y)19 pH1
PstI XbaI H1 RNA 250 V/950 F
5x106 1x107 cells RAW264.7 Gene Pulser II; 
Bio-Rad 24 3 g/mL puromycin

Sepasol torla RNA
PCR mRNA Table. 2

mRNA 60~80% Control
400 bp pH1  

 
1-2  

24-well plate tisue culture-
coated glass bottom dish 4.5 g/L 10% FBS RPMI1640

5% CO2 37 NaHCO3
20 mM HEPES/NaOH RPMI1640 37

 
 
 
 
  



 
 
 
 
 
 
TMEM55A 229 5 -GTGCACAGTTTGCAATGAA-3  

TMEM55A 322 5 -GGATACATCTCGGCGAATA-3  

TMEM55B 5 -GCATCAGCATGTAGTCAAA-3  

 
 
 
 
 
TMEM55A (F) 5 -CGGGAAATGTCACTCCCACA-3  

TMEM55A (R) -CFFGTTCCTGGACTGGCGAT-3  

TMEM55B (F) 5 -CCGCCCCAGGCATTTCC-3  

TMEM55B (R) 5 -TATCCGGGCTAGTCAAGGGT-3  

 
 
 
 
 
 
 
  

TTable. 1  sshRNA   

TTable. 2  PPCR   



1-3 IgG 51Cr  
RBC 51Cr [23] 0.1% 

gelatin 75 mM NaCl 0.15 mM CaCl2 0.5 mM MgCl2 10 mM EDTA 5 mM 
veronal buffer pH7.5 GVB 37 10  

IgG [23] RAW264.7
24-well plate 2x105 cells/well 51Cr IgG

37 PBS(-) 3 IgG
0.1 mL PBS(-)

IgG
PBS(-) 3 0.5% Triton X-100

IgG  
 
1-4 IgG  

FLAG EGFP
RAW264.7 tissue culture-coated glass bottom dish 5% CO2 37
4~6 IgG 15

37 15 PBS(-) 3
IgG 4% paraformaldehyde/PBS(-) 15

0.1% saponin/3% BSA/TBS 60 Alexa Fluor 
647 IgG

FLAG FLAG 1:1000 Sigma #F3165 Alexa Fluor 488
IgG Cell Signaling
BZ-H2C analysis system Keyence  

 
1-5 zymosan  

FITC zymosan zymosan 1
RAW264.7 105 cells/well glass bottom dish

2x106 zymosan 37 PBS(-)
PBS(-) 3 4% paraformaldehyde/PBS(-)

15 3 100
488 nm 525 nm

Control zymozan ”1” zymosan
 

 
  



1-6  
PCR pmCherry-N1 Clontech

Mountain View mCherry 5’ 3’
BamHI EcoRI pGEX-4T-3

BL-21 mCherry
10 mL Luria–Bertani LB 37

100 mL LB OD600 0.8
37 0.5 mM isopropyl-β-d-thiogalactopyranoside

IPTG 30 4
mCherry PBS 4% paraformaldehyde/PBS(-)

15 GVB
3 glass bottom dish RAW264.7

1:50 20 37 20
pH5.5 RPMI1640 3

4% paraformaldehyde/PBS(-)
15 3 100

587 nm 610 nm
Control mCherry ”1”
mCherry  
 
1-7 RAW264.7 PtdIns(5)P  

C16 PtdIns(5)P CHCl3:MeOH:H2O 1:2:0.8 -80
PtdIns(5)P 1:1 mol

2 10
PIPs- RPMI1640 [24]  

 
 
  



1-8  
myosin X PH1(N)-PH2-PH3(C) Myo-PH

5’ -AGATCTCCCTATTTCCACAGTTTTC-
3’ 5’ - GAATTCCTACTTGGATCTCTGCAGCA-3’ pEGFP-C1

BglII EcoRI pEGFP-C1-IpgD WT
PD pEGFP-N1-PLCδ-PH pcDNA3.1

TMEM55A TMEM55B PIPK II
TMEM55A TMEM55B pmcherry-C1

EcoRI BamHI shRNA
TMEM55A Table. 3 PIPK 

II pEGFP-C1 KpnI XbaI
EGFP Rab5 Rab7 Rab11 Rab20

[25] EGFP Lifeact [26]  
 
1-9  

NeonTM transfection system Invitorogen
RAW264.7 buffer 25 mM Hepes 62.5 mM KCl 10 mM 
K2HPO4 2 mM MgCl2 125 mM Treharose 0.5 % Ficoll

10 L 1800 V x 20 ms x 1 2 /well
glass bottom dish 20% FBS RPMI1640 5~24

 
 
1-10 F-actin  

Table. 4 glass bottom dish
IgG 37 CFI Plan Apo VC60 xH

BIOREVO BZ9000 Keyence
BZ-II analysis system Keyence  

 
  



 
 
 
 
 
 
TMEM55A (F) 5 -GGTTAAGTGCACCGTGTGCAATGAAGCTAC-3  

TMEM55A (R) 5 -GTAGCTTCATTGCACACGGTGCACTTAACC-3  

 
 
 
 
 
Probe Target 

EGFP-MyoX-PH PtdIns(3,4,5)P3 
EGFP-PLC -PH PtdIns(4,5)P2 
EGFP-Lifeact F-actin 

 
 
 
 
  

TTable. 33  TTMMEM55A   

TTable. 4 PPIPs FF--aactin   



1-11 3xHis-3xPHD PtdIns(5)P  
pEGFP-C1-3×PHD Payrastre Paul Sabatier

3xPHD PCR 5’-
GGTACCCGGACTCAGATCTCGGCA-3’ 5’- GGATCCCCGTCGACTCATCACTAC
PCR KpnI BamHI pCold II

pG-KJE8 BL-21
50 g/mL chloramphenicol 50 g/mL ampicillin LB

10 mL chloramphenicol ampicillin 
LB 37 chloramphenicol ampicillin 500 

g/mL arabinose 5 ng/mL tetracycline LB OD600 0.5~0.7
37 15 30 0.5 mM IPTG
15 24 3xHis-3xPHD

TALON metal affinity resin Clontech 3xHis-3xPHD
PD-10 GE Healthlthcare 3xHis-3xPHD

SDS-PAGE His Amersham Biosciences
3xHis-3xPHD  

PtdIns(5)P FITC-zymosan
pH5.5 RPMI1640 zymosan 4% 

paraformaldehyde/PBS(-) 15 PBS 0.1% 
saponin/3% BSA/PBS 3xHis-3xPHD 4

0.1% saponin /PBS His
1:1000 GE Healthcare 4 Alexa Fluor 647

1:1000 2 Keyence BZ-9000
CFI Plan Apo VC60×H Keyence

3 100 PtdIns(5)P  
 
  



1-12  
RAW264.7 24-well plate 62 30 30 g/mL

IgG PBS 50 L lysis buffer 25 mM Tris-HCl 
pH7.4 0.5% NP-40 150 mM NaCl 1 mM Na3VO4 protease inhibitor cocktail

Sigma-Aldrich 1 mM phenylmethyl-sulfonyl fluoride 20 M p-amidinophenyl-
methylsulfonyl fluoride Lysate 20,000 g 10

Bio-Rad assay kit 100 g
lysate 10 L 5x sample buffer 62.5 mM Tris-HCl pH 6.8 1% SDS 10% 

glycerol 5% 2-mercaptoethanol 0.02% Bromophenol Blue 100 5
SDS-PAGE PVDF Millipore

PVDF 5% skim milk Perkin-
Elmer  
 
1-13 LC-MS/MS PtdIns(3,4,5)P3  

RAW264.7 60-mm dish 62 30 30 g/mL
IgG 2 PBS 4

methanol 2 M HCl 1 M NaCl
methanol chloroform WAKO Bligh-Dyer

Diethylaminoethyl cellulose JNC 0.6 
M Trimethylsilyldiazomethane TCI

methanol chloroform
methanol 4:1

UltiMate 3000 LC system Thermo Fisher Scientific HTC PAL autosampler
CTC Analytics MS/MS TSQ-

Vantage Thermo Fisher Scientific 20:4/17:0 
PIPs Avanti  
 
1-14  

Student T P<0.05 P  
 
  



2  
2-1 TMEM55A/TMEM55B  

TMEM55A TMEM55B TMEM55A
TMEM55B mRNA

shTMEM55A 229 322 TMEM55A mRNA
20% 40% Fig. 4A shTMEM55B

TMEM55B mRNA 20% Fig. 4B

FLAG TMEM55A TMEM55B FLAG
Fig. 5 shTMEM55A TMEM55B Control

shTMEM55B
TMEM55A WT shTMEM55A

shTMEM55B WT FLAG-TMEM55A
TMEM55B TMEM55A

TMEM55A shTMEM55B
 

 
 
  



 
 
  

FFig.  44  sshRNA TMEM55A TMEM55B  
Table. 1 shRNA TMEM55A

PCR TMEM55A mRNA Control mRNA
”1” TMEM55A TMEM55B mRNA

3 means+S.E. **: P<0.01  



 
 
 
  

FFig.  55  FFLAG--TTMEM55A//B  
FLAG-TMEM55A/TMEM55B RAW264.7 WT shTMEM55A

shTMEM55B Actin FLAG
 



2-2 shTMEM55A  
2 shTMEM55A IgG

zymosan shTMEM55A Fig. 6
IgG shTMEM55A

Fc
PtdIns(4,5)P2 TMEM55b IgG
Control Fig. 7 TMEM55A

TMEM55A
shTMEM55A shRNA FLAG-TMEM55A

WT TMEM55A IgG
PD TMEM55A Fig. 8  

 
TMEM55A Control

shTMEM55A IgG
TMEM55A Fig. 9

I PI3K PtdIns(3,4,5)P3

Rho GTPase [7]-[9]
PI3K wortmannin

IgG IgG
Fig. 10 shTMEM55A

PtdIns(3,4,5)P3  
 
 
  



 
 
 
  

FFig.  66  sshTMEM55A  
A Contorl shTMEM55A IgG

37
30 Control

100% B Control shTMEM55A zymosan
37 15 zymosan TxRed

1:1 zymosan
zymosan 3 means+S.E.

*: P<0.05  



 
 
 
 
  

FFig.  77  sshTMEM555B  
Control shTMEM55A shTMEM55B IgG

3
Control ”1” means+S.E. *: 

P<0.05 N.S.:  



 
 
 
  

FFig.  88  FFLAG--TTMEM55A  
Control shTMEM55A shRNA FLAG-TMEM55A WT

PD 4 IgG
TMEM55A

TMEM55A 3
means+S.E. *: P<0.05 PC: phase-contrast images

Scale bar: 5 m  



 
 
 
  

FFig.  99  sshTMMEEM55A  
Control shTMEM55A IgG mCherry-

3
Control ”1” means+ 

S.E.  



 
 
 
  

FFig.  110 Wortmannin  
WT RAW264.7 30 nM wortmannin 37 15

IgG IgG
3 Control

”1” means+ S.E. *: P<0.05  



2-3 TMEM55A/TMEM55B  
shTMEM55A shTMEM55B

3  
1 TMEM55A TMEM55B TMEM55A

 
2 TMEM55A TMEM55A

 
3 TMEM55A TMEM55B TMEM55B

 
 

TMEM55A TMEM55B
RAW264.7 mCherry-TMEM55A

mCherry-TMEM55B PtdIns(3)P EGFP-EEA1-FYVE
paraformaldehyde LAMP1

Alexa647 TMEM55A TMEM55B
LAMP1 PtdIns(3)P Fig. 11 panel 1-5 11-
15

mCherry-TMEM55A/B EGFP-PLC -
PH PtdIns(4,5)P2 LAMP1

TMEM55A PtdIns(4,5)P2

Fig. 11 panel 6-10 TMEM55B EGFP-PLC -PH  
 

TMEM55A/B RAW264.7
mCherry-TMEM55A/B Rab GTPase IgG

TMEM55A/B TMEM55A Rab GTPase
Rab7 Fig. 12 Rab7

[28]-[29]
Rab11

Rab20 [30]-
[32] Rab5 [33]
TMEM55B TMEM55A Fig. 13 Rab7

 
 

TMEM55A/B PtdIns(4,5)P2 phagocytic cup
mCherry-TMEM55A/B EGFP-PLC -PH



TMEM55B phagocytic cup PLC -PH TMEM55A
phagocytic cup PLC -PH Fig. 14

TMEM55A
TMEM55A TMEM55B phagocytic cup
PtdIns(4,5)P2 TMEM55A
TMEM55B PLC -PH  
 
 
 
  



 
 
  

FFig.  1111  TMEM55A/B  
WT RAW264.7 mCherry-TMEM55A/B EGFP-EEA1-FYVE

EGFP-PLC -PH LAMP1
Z 5 m z 1 m

TMEM55A/B LAMP1 TMEM55A/B
PLC -PH PC: Phase-contrast images Scale bar: 5 m



 
 
 
  

FFig.  112 TMEM55A  
WT RAW264.7 mCherry-TMEM55A EGFP Rab GTPase

5 IgG
Z 5 m z 1 m

TMEM55A Rab GTPase PC: Phase-contrast 
images Scale bar: 5 m



 
 
 
  

FFig.  113 TMEM55B  
WT RAW264.7 mCherry-TMEM55B EGFP Rab GTPase

5 IgG
Z 5 m z 1 m

TMEM55B Rab GTPase PC: Phase-contrast 
images Scale bar: 5 m



 
 
 
  

FFig.  1144  pphhagocytic cup TMEM55A/B  
WT RAW264.7 mCherry-TMEM55A/B EGFP-PLC -PH

5 IgG
Z 5 m z 1 m

TMEM55B PLC -PH PC: Phase-contrast images Scale 
bar: 10 m



PtdIns(4,5)P2

PtdIns(4,5)P2

PtdIns(4,5)P2

PtdIns(4,5)P2

PtdIns(4,5)P2

PtdIns(4,5)P2

PtdIns(4,5)P2

PtdIns(4,5)P2 PtdIns(3,4,5)P3



FFig.  115  EEGFP--IIpgD  
WT RAW264.7 EGFP-IpgD WT PD IgG

IpgD
IpgD 3

means+S.E. *: P<0.05 PC: phase-
contrast images Scale bar: 5 m  



FFig.  1166  EEGFP--  
WT RAW264.7 EGFP- IgG

3
means+S.E. *: P<0.05 PC: phase-contrast 

images Scale bar: 5 m  



FFig.  117  PPtdIns(5)PP  
WT RAW264.7

IgG
Control ”1” 3

means+S.E. N.S.: 



2-5 shTMEM55A IgG PtdIns(3,4,5)P3  

PtdIns(4,5)P2 PtdIns(3,4,5)P3

PtdIns(3,4,5)P3

PtdIns(3,4,5)P3

PtdIns(3,4,5)P3

PtdIns(3,4,5)P3

PtdIns(3,4,5)P3

PtdIns(3,4,5)P3

PtdIns(3,4,5)P3

PtdIns(4,5)P2 PtdIns(3,4,5)P3

PtdIns(3,4,5)P3

PtdIns(4,5)P2



FFig.  1188  sshTMEM55A AKT  
Control shTMEM55A 30 g/mL IgG 37

SDS-PAGE
AKT p38

Total AKT Total p38
ImageJ AKT Total AKT

normalize Control 5 ”1” 3
means+S.E. *: P<0.05  



FFig.  1188  sshTMEM55A PtdIns(3,4,5)P3  
Control shTMEM55A 30 g/mL IgG 37 2

Bligh-Dyer LC-MS/MS
PtdIns(3,4,5)P3 10 pmol

20:4/17:0 PtdIns(3,4,5)P3 PtdIns(3,4,5)P3

3 means+S.E.
*: P<0.05  



2-6 TMEM55A PIPs
PtdIns(3,4,5)P3

PLCδ-PH
PtdIns(3,4,5)P3 PtdIns(4,5)P2 IgG

PtdIns(4,5)P2

PtdIns(4,5)P2

PtdIns(4,5)P2

PLCδ-PH Cotnrol shTMEM55A 3
shTMEM55A

shTMEM55A
Fig. 19 PtdIns(4,5)P2 I PI3K

PtdIns(3,4,5)P3 Control
PtdIns(3,4,5)P3

PtdIns(4,5)P2



PtdIns(4,5)P2



FFig.  1199 shTMEM55A PtdIns(4,5)P2  
Control shTMEM55A EGFP-PLC -PH IgG

3
means+ S.E. *: P<0.05  

PC: Phase-contrast images Scale bar: 10 m



FFig.  220 shTMEM55A PtdIns(3,4,5)P3  
Control shTMEM55A EGFP-MyoX-PH IgG

3
means+ S.E. *: P<0.05  

PC: Phase-contrast images Scale bar: 10 m



FFig.  221 PtdInss(5)P  
A WT RAW264.7 FITC-zymosan 1/5

PtdIns(5)P B H2O2 40
PC: 

Phase-contrast images Scale bar: 5 m  



FFig.  2222  sshTMEM55A PtdIns(5)P  
A PtdIns(5)P

PtdIns(5)P
B Control shTMEM55A FITC-zymosan

PtdIns(5)P Control
60~142 zymosan 13~28 PtdIns(5)P

shTMEM55A 128~141 zymosan 3~5 PtdIns(5)P
3 means+ S.E. **: P<0.01

PC: Phase-contrast images Scale bar: 5 m  





2-7 shTMEM55A F-actin -  
shTMEM55A PtdIns(4,5)P2 PtdIns(3,4,5)P3

TMEM55A PIPs
F-actin IgG

phagocytic cup PtdIns(4,5)P2 F-actin [4]-[6]
F-actin PtdIns(4,5)P2

[7]-[9] F-actin EGFP-Lifeact
IgG shTMEM55A phagocytic cup F-actin

Fig. 23 shTMEM55A Control
F-actin shTMEM55A F-actin

Fig. 18 Fig. 20
PtdIns(3,4,5)P3 Rho GTPase Rho-GAP

shTMEM55A F-
actin F-actin



FFig.  223 shTMEM55A F--actin  
Control shTMEM55A EGFP-Lifeact IgG

3
means+ S.E.

phagocytic cup *: P<0.05 Scale bar: 10 m  



PtdIns(4,5)P2

PtdIns(3,4,5)P3

PtdIns(4,5)P2

PtdIns(4,5)P2

PtdIns(4,5)P2

PtdIns(4,5)P2 PtdIns(3,4,5)P3

PtdIns(4,5)P2

PtdIns(4,5)P2



PtdIns(4,5)P2

PtdIns(4,5)P2

PtdIns(4,5)P2

PtdIns(4,5)P2 PtdIns(3,4,5)P3

PtdIns(4,5)P2



FFig.  2244  TTMEM55A  
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