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Detection methods of mitochondria-associated ER membrane
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Abstract: Mitochondria-associated ER membrane (MAM) is one kind of dynamic structure with certain
functions between mitochondria and endoplasmic reticulum. MAM maintains the normal function of
endoplasmic reticulum and mitochondria, and is also widely involved in the regulation of different
physiological and pathophysiological processes, such as oxidative stress, lipid biosynthesis and trafficking,
autophagy, and calcium homeostasis. With the deepening of research, transmission electron microscopy,
immunofluorescence, proximity ligation assay (PLA) and split-GFP-based contact site sensor (SPLICS) are
provided for detection and analysis of MAM, which provides technical support for further revealing the
function of MAM in the occurrence and development of diseases. The present review mainly summarizes the
recent progress of MAM-related detection methods, so as to provide more information for understanding the
potential function of MAM.

Key Words: MAM; transmission electron microscopy; PLA; SPLICS

HMpas LAt 225 TR AEEAREAER 3R, e EaR AR I R BN

WFSHEA: 2022-02-25

EQWH: EFXARRAESTIH(82171536); WAL SIHTHT FLREALT H (H201206203)
$—1E#: E-mail: wshuangd11@163.com

*BE{EH: E-mail: shihs@hebmu.edu.cn


https://doi.org/10.13488/j.smhx.20220096

TR, A LRI < P 5T IR B B AGLIN T i 929 -

B AR UL A Es EARSR A  P Jo R AR
A A] 38 Ik B S B [ O g AT A B A T kA B
BEAEY, W BAE A AR (0 B 25 A R 2%
LA AH 5C N i 9 I (mitochondria-associated ER
membrane, MAM)®, EEWFREYH, MAMEZ
Hi P SRR AR S T e o A AR MAMI AR
AR SRR O O i
gt B R 2GR ERE SRR R AE R R R
Pl BE AMIAMAMIEEDIRER OGE, WIGIES
L7 S U AR« 6 UG 73 A e S5 £E 9 (1)
Biff 58 P9 5 I 5 R AR AH LA 3 R 744 & H
Wi, NEIFHERMAMP Y 2D RESEAL T n]
BE. AL EHMAMBT FURE LA A I 2 AR T7
EATERIR
1 MAM#FEiA
1.1 MAM#EXZEH

VER—FhRF B 5 4, MAM /& B A3 ek i

B 10%~15%. MAM )45 R Fa 52 N Th BE R A5
HEMPNTPIMAMARE A(EKD), MAMP AR

A MRS TS R . BN, MAME 2
%R0 (R Th RS R AE M 5 R Bt . MAM A 2R b
A 55 P9 5T 4 JIEE 22 T 1R 4 B B 4E 10~100 nm ¥
B, o R PR RFMAMA) B R B AL, RS
HCa" HHFE NS . MIBANE. KM MET K
s R, tLEE 1,4,5- = R % K (inositol
1,4,5-trisphosphate receptor, IP3R). 7% fH i 15 &
175(glucose-regulated protein 75, Grp75)LA A HLJE
MR 4 B &5 7 1@ 18 (voltage-dependent anion
channel, VDAC)ZL[AJE R & B 5 &K IP3R-
Grp75-VDAC, Z5Ca® MW T W 2 284044 (1) %
iz, MAMAHKE RIS AT 51 EMAMEE &
FIP3R-Grp75-VDACKE SR, S ELHL
e A R, MR — R A RIIREE .
1.2 MAMSRBREE R R

MAM S 40 s N AR R 8852, 238 v I
MAMAH R A A M E A, 52 Mk
WRAERKBRREY] . EIRAT I K E KR
AR I Ca” FaAS R T A E M FTIKP
S8 TR 58 M /AT 1 S5 B A 2508 2 S MA MU g

#1 MAMIEXEAREINGE

=) ks
LRI R R4 B 192(Mitofusins 2, MFN2) AT Rk A2

WEL1, 4, 5-=W§ER*Z A (inositol 1,4,5 trisphosphatereceptor, IP3R) A5 CaZ iz

81 % BB 15 8 1 75(glucose-regulated protein 75, Grp75) P Ca il

B A4 8 11 B 129 3 1 (voltage-dependent anion channel, VDAC) AT Ca2 i iz

TR 90 PR AR (I B IR M 3L TR 7% /9 152 (phosphofurin acidic cluster sorting protein 2, Z5MAMEMINE K. Ca¥ iz, A HIEM
PACS2) ZH B 0

LR AR RS B A 1 (mitofusins 1, MFN1)
#) J1FH 95 A -1(dynamin-related protein-1, Drp-1)

FEVUHH S 8 I B(vesicle-associated membrane protein-associated protein B, VAPB)

T R AR A
PWATERLAR R, Ca? i)
L 5Ca2iE, Y AW

B A 5 T = B I R T A EL 1 ] & 4 51 (protein tyrosine phosphatase-interacting protein 2 5MAMZEMIIA K, WHiCa> i, iFKiE. B

51, PTPIPS1)
sigma-15Z 4 (sigma-1 receptor, SigIR)
LRI 7y 248 A 1 (fission 1, Fisl)

B4 i 52 14 AH 5% 25 14 31(B-cell receptor-associated protein31, BAP31)
FR I BEERNAFE P P88 (protein kinase RNA-like endoplasmic reticulum kinase,

PERK)
ANEE 26 5 25 H 1a(inositol-requiring protein 1o, IREla)
P % 3¢ B T-6(activating transcription factor 6, ATF6)
o- R fii% 5 1 (a-synuclein, o-Syn)

g 016]
ZE5MAMZ MG R, 75 Ca* !
Z5MAME G, 7AiM T
Z 5MAM&E H T ™

BEMAMR, WA, Ca g, ik
Tl

Z 54T
Z 54T
HERFMAMIE & 45 #4121

PRI & 5K 18 (A RIYEY) 5 5 (1) & BB 1(PTEN induced putative kinasel, PINK1) 25244 4 Mg




- 930 - CERTIEY  20224E4258:5 1 ZEIR

SR WIFERI, TER R % i BRE B K
YRR, ZRRLPR S PN R R Al T R O, 2R
LA T Py TR I 2 1 A8 A P S 35 1Y, MAM
heg I KA. a-Syn R4 1] S B AT &
AR 5 EMAMIP IR N %, Me-Synid £ R A2
WA & A% B S8 A1 10 32 B0 B 22 0L R, 0
EHRKGEAMRBTRE T, KRAEEESREEK
A gl LR RS N Rl T AR, MAM
THREFRARDY . Sigl RISAE HE BEMAMI) B B AR CTA
Ca’" Biufas kg, 5l S M WL2E 46 0 & B
the MAMABZE T 51 EE LR W5 ki 2 18] ) Ca 5
B, B LS B UL R AE TR AL f
Y, A, MAMIE S B kR BERE AL B IR
Ia OV AR M R AR R B DT (),
MAM&E ¥4 55 D g 0 10 2 8Ch 22 BB T A iG
TR AT

2 MAMAEM 7%

BEEMAMAE T A BIRN , MAMA I 7 2
B g . BIEER BT EMBEREE AR, K
MG AR . SPLICSE AR . Ca® il A . PLAH
AR EARPZEZECT D BRI G E A

AP EAR A B EAMIT . eIt IRAE
B AP, G ptie™) . Bk A A g )
SEAEN IR T IER) 2 R, NIRRT RMAM
Thie f 35 5 R AR R R R AL T 530G 1
FOR I (FR2).
2.1 EGTRTFREERER

T T RSB AT RIEASFE RS
ABRTEO T, BEEWEMAMIBEMLE Y, Bf
SRR EE SR A (E2) . RS S R
FRAGHE AR AT MAMIE 25 2 0 %% — e 1o 0 £ 28 i
A 5 P I T 11 4 G B8P S 2 T ) i P ok
RIEMAM A o, 31T S BIRM A M I g A2
o PR 22 )P BRI 2R DX 358 110 386 o 2 A S b 3 55
MAMJZfE. Area-GomezZ5 W& 1 HL4E T A i
W52k e B B, BIMAMK R, FH¥
RN pOR Bl (<50 nm). K FE il (50~200
nm). RKAEMH>200 nm), il gk H)
Wiy 28 F AR 5 P 5 T B2 Al L . 5 Area-Gomez
P TEF A L, LinsE R FH Bl K B
ok KIMAM ZhEE . AFEMZ, LinZE "%
N BAEKE (<200 nm). 25K EE(200~400 nm)
LKA FE(>400 nm) . FiladiZE"2 % H 7 4 —Fh

1/

— -
//\\»

B SHRE. 0

REEAX

Wi FIRZSEEE. 17 \\\ N,
STREAE. AL
EEES

RAE: FERAMMER
XK AR

4?7 DR SRIEER
5. AT K
BRI

Bt PERRRIARE
it B A R Tl

E1 MAMXZTESERELERRE



O, S LA G P 5 R R AR I 5 - 931 -

T2 MAMBARFEARREF S

{iFiWaReS B R
JBA BT RME WEIE. W EMXEJRR, REEWET i, AR R LA H vk Bonshds

A% R4
PERET IR SPLICS
JelE 2 AT RE S N DR

S TIEANEIEE, o 0 &% 18] AR AR AR, WIS M A A A B & A (RS e

PLA X LS BE S IRVRI AR 8 R A, SR B DA R (AR ER AT e K B DL AT S A
Ca? Kl AR DOERE Fethm . PR R KIS A E EA

A A ECR L . BURTES . il 4

FERARBAR SRR REUE S, TSI IR T N Ca iR L

A EENROBE RSB R, B A ANROTEF R M MEZ: M: 2tk ER: AR, g T8 OpRE My RMAM
E2 EZBICR/MEROIEMAMIESTH SRR IE

AL TR bR, B I R OR AR P T R 2 TR PR,
R IILMEF N 255 B BT 1) 22 A0 A4 R P J53 X 22 ) 7 B 85 A
FIN15 nm, IR IHE SN R & Bl MEN2@FR
Ja, BRIRS NN A EE S AN R, K
Z 2UCABCNIE R, SRR B h50~100
nm, WAPMEEEATRERZE /D100 nm, K% E AT
MAMZ [ Ca* #s i B A i 2 . IEaEok, S
T=4mF RSN BT EZEE =4 ERER
A DL MAMAE 5 5 20004k 2 8] B 7 A4 45
), AMAM) 2 AT R dt 7l aell.
2.2 TR
2.2.1 R AIRAA R H AR
FOCIRE R B AR R FHHE Rl e 5 H bR ¥ 73 1
Ry 5 45 6 B REE X 4 B AE S dE AT et XHEE S 1
B2 B B 0 2 B S AT A A ksl . ZH BEMAM
HARAHE EFACT, S H AL N =
kK FERMEAETMAMAPREAR . RN AFAET

MAM K H A I E E i . B2 TMAMH
(& E Y. WangZ%P?1 7> ] FiMito  TrackerfIER
TrackerPR & bric e BRI Y R MY, 45 & 06 3L R
R M EE AL, SRR, N
B A KR A N BT R KON R A S, R
TMAME . MAM EiEAF#EIP3R-Grp75-VDAC
HARSECa” TlIE, nJ A 5FCa’ M P I ] 28R ik
¥iz. f#Fluo-3 AM. Fluo-4 AM. Fura-2 AMP"
SECa® PRAET T LUK M 40 e P Ca® K, 2T 43 BT
MAM I Ca> #lGIBIE & (I Th A Atk - nse sl
T EMAM E 7 F1Ca™ Bh 2 W ™,
222 £IERAAEMBER

o % 9 A M R (immunofluorescence
technique) X PR MGHUAR A, ZH AR HPLR S5
ok B A e 4 A I JREE Sl A AR e A 1
TrE, AR R RS PR BB AT E . AL
AIE BRI . Lopez-Crisosto5 38 /1 H RS



- 932 - CHEATRIALEY  20224E42%: 51 £33

LRLAR N, P SEO6PUAA 2 AR IC A 5 R AN
LRARA G, JERAERMERNRIL, RN
B, SE/RILEN RBEIHA IO ER RS
Eb ) B2 1, 3k — 25 W %2 & Bl mitochondria-to-
ER & 18 /R 8006 98 /) 5 3 AF I )4 e m g,
1M ER-to-mitochondria ] & £ /R ¥ 598 /) % R AF
F TG AR A OC &, $ROR 9 ) B3 S I ZORL
A R FRTM A M fish 386 2 b T 2Rk iR 42
JoT 32 B o
23 ETFHRFERAE AR M S EREE

BT R RO0 B R b AL R4 R
(split-GFP-based contact site sensor, SPLICS)A]H
SR AR U 79 A 4 D 4 T B B A 67 0. SPLICSA% K
A BT D9 TR BN B o R T AR JBE R B R 40 i A
Fy MIE A spGFP1-10MspGFP 1145 (4142, HI
spGFP1-10457ic N i, FspGFP11ARic 28044,
YA, 2RI, XA RR
FR) 2 19 20 45 P 0 fik o, DA P R E B A R AT
AL A d N RE 1) e B0 A BT B 1 A e R A
XA R E A, B T AKEe ER KR
MR B, AT R RE T 4 40 i A EE T
SPLICS E# M T L il 28 i) ¢ &, gy Jog i A
JREE . BB RIS BEAARSE o 3X —H AR AT AR 1 R
7110~50 nmya B Py 109 P9 5 ) 5 2Rk R e . 2
A5 SPLICSHUARUE B 1 N 5T 9 A1 4 R A4 1)
MHAEH & — MBS gy, HEZKIEA K
YA T RECE ) . SPLICS A 76 4 FE sl #E 2 11
W 2RI iR S A 5 B A T AL, A B TR R R
93 A SR 25k 8] e e g 8 Y AR AR A P J5T X FR IR R
RS 40 M LI RE o
2.4 Ca” AR AR

Ca™ 2 LA 5% T00 IE 5 A= B 3G B AN ] 3Bk (1 55
1, fEEEM. IR, 5 5% % KHER
TR . PO 9 A P B R R A Ca AR,
J P fE R Ca® R E I MAM_E ) Ca® il 1 3E N 28
R o P9 IS - TP3R A4 8T T S Ca™ M PR J5i I
i FRORE TR H SR, [ I e o 2 A R L )
18 2 H VDACH U N SORL A B R] B, ) FH 3 20 i
Ca” TREF W] LB MR B IX I 5 . BFFCR I, 1
TN PR J5 I -2 R B e, AT DA Ca™ ) SR )

B, MAMPZ il B8 A Ca™ izt n, M
T 2R AR P Ca® R (K 55 Rl Th g, i s LA
WE. MEIeeeE. RN, MAMEE EA8E(>30
nm) ¥ FEARCa> Fiz %, FEE AT (Z015 nm)K i
HrCa® L, MAMPE 538 3T (<7 nm) £ M IP3R-
Grp75-VDACKH &K IEH 454, S8 Ca’ #iz
AU BT Cat RE R AN, g AR AT L —
UHERT K B4R Ca™ IR I, BBUBE i Lo e
NATH , {HASBEMER IS 5 2 1 5h ) 2 I )
5 AR B AR U 8 G HR R T 5 Ca® 45 ARG
UGS TR FIA F R M Ca” IR KRR,
N TS ARSI Ca™ W FE B AR I
2.5 PLLEZF AR

SRALEHEH AR (proximity ligation assay, PLA)
HIKIRIE 20024, B mERBUERRESY. PLA
TR FH AR S P 0 (O 2 B T 42 ) 1R 31 9 e J M 1) 2
E, S SRS & 2 R = EDNA S 1
PICHRENIHTPCRY 1Y, AT DU 5Ok A R
B st s, #HATWIEEEA S &AM EAER
JE AT (FE B5 <40 nm) KGN . PLA RS FH SR AG IIMAMAH
REAMAHEAE AN, R 1A BEMAMEL &
DL P9 J5 R R 2R A 2 T R BE B8« Thoudam 5]
FIPLAFFIC. P J5 P4 S [v1) 1 2 40 R 0 ] )RR TR, R
I AEK PR T 2 5t S il P g4 (pyruvate - dehydrogenase
kinases 4, PDK4)"]53IP3R-Grp75-VDACK &1k
Z A A B AE R 9>, IEWIPDK4 B #: 51P3R-
Grp75-VDACHE & &M EAEH LLA T RS S 10
MAME . Xue 5 IE i A S ol FR5 9% 17 A
W NG BRI, PLASE R EIR, VDACH
Grp758(VDACHIP3R I AH BAE F B35 b, iR
T YU e R . T BeaulantZECOHRIERR, LE I
i RIENE I LN 52 R R L 1 (fetal and  adult
testis-expressed 1, FATEI)W]‘F#VDACI1-IP3R1#%
fila /b, ANMES EAE K Ca¥ HiE 2, SMEHES
(107 JEL JRE /I S % 2% K0 A T 107 A8 2 25 D AH 5%
T 58 A4 2 R A4 A 5 I B A R B 1R A 5 S 1 A
RN

3 BESRE
115 o 24 D 25 16 22 L T O 5 R 2 45 4



O, S LA G P 5 R R AR I 5

- 933 -

MAM7EZH LA I Ca” A2 . BRI, 2R
7 20 U T A A T AR B A Ok
HERBEEN, Qg amR At 2 R
YU EE AT R AR L —. FEMAMAHRK & A
MITEH, BT EME RO BN EMAM
G5 K6 I AT S IEM A M ] (52 00 58 HTER - 27 4 5 gk 253
#i, =4 HEMAMA Y, HMAMZ [H]
AR RO 7R BN T RS
WOCRMBANGE &, W SLILEE 5 T RERI BT .
GPEENIE . T, Bk EERAHYET
%, DO MAM 7y 1 4 R EEAT € TR E By
Hr. BEIAMAMAHRIEIIERZ , (HERRM A
WEA M RRYE, Wz yot b E Nl e =
SIANDNR, MW S . 8 SEBRIE T EARSE W AT
HEE RS IE K — R s LR OIS &, R E
T B R ITVED I AR B & S N D R 1 e
FRIBR . Bl MAMAR S SR T7VE 1 B A 2
Bt , MAMBIWFFUZBETRAN , 28 o ) Hofit
2 P s ELAE B FLAE PR e A e F R T BE AT T R
BRI

2 % Xk

[1] Cho IT, Adelmant G, Lim Y, et al. Ascorbate peroxidase
proximity labeling coupled with biochemical fractionation
identifies promoters of endoplasmic reticulum—mitochon-
drial contacts. J Biol Chem, 2017, 292(39): 16382-16392

[2] Hayashi T, Rizzuto R, Hajnoczky G, et al. MAM: more
than just a housekeeper. Trends Cell Biol, 2009, 19(2):
81-88

[3] Tubbs E, Theurey P, Vial G, et al. Mitochondria-
associated endoplasmic reticulum membrane (MAM)
integrity is required for insulin signaling and is implicated
in hepatic insulin resistance. Diabetes, 2014, 63(10):
3279-3294

[4] Gao P, Yang W, Sun L. Mitochondria-associated en-
doplasmic reticulum membranes (MAMs) and their
prospective roles in kidney disease. Oxid Med Cell
Longev, 2020. doi: 10.1155/2020/3120539

[5] Gao P, Yan Z, Zhu Z. Mitochondria-associated endoplas-
mic reticulum membranes in cardiovascular diseases.
Front Cell Dev Biol, 2020, 8: 604240

[6] Yu H, Sun C, Gong Q, et al. Mitochondria-associated

endoplasmic reticulum membranes in breast cancer. Front

(8]

1]

[10]

[11]

[12]

[13]

[14]

[15]

[17]

(18]

Cell Dev Biol, 2021, 9: 629669

Pera M, Montesinos J, Larrea D, et al. MAM and C99, key
players in the pathogenesis of Alzheimer's disease. Int Rev
Neurobiol, 2020, 154: 235-278

Area-Gomez E, Schon EA. Mitochondria-associated ER
membranes and Alzheimer disease. Curr Opin Genet Deyv,
2016, 38: 90-96

Purtilo DT. Lymphotropic viruses, Epstein-Barr virus
(EBV) and human T-cell lymphotropic virus-I (HTLV-I)/
adult T-cell leukemia virus (ATLV), and HTLV-I1I/human
immune deficiency virus (HIV) as etiological agents of
malignant lymphoma and immune deficiency. AIDS Res,
1986, 2 Suppl 1: S1-6

Giacomello M, Pellegrini L. The coming of age of the
mitochondria—ER contact: a matter of thickness. Cell
Death Differ, 2016, 23(9): 1417-1427

e, B, PR, LRLARAR G N T I (MAM) B i
L5 AN SRR R, T E A0
2018, 40(4): 585-593

Filadi R, Greotti E, Turacchio G, et al. Mitofusin 2
ablation increases endoplasmic reticulum—mitochondria
coupling. Proc Natl Acad Sci USA, 2015, 112(17):
E2174-2181

Simmen T, Aslan JE, Blagoveshchenskaya AD, et al.
PACS-2 controls endoplasmic reticulum—mitochondria
communication and Bid-mediated apoptosis. EMBO J,
2005, 24(4): 717-729

McFie PJ, Ambilwade P, Vu H, et al. Endoplasmic
reticulum-mitochondrial interaction mediated by mitofu-
sin-1 or mitofusin-2 is not required for lipid droplet
formation or adipocyte differentiation. Biochem Biophysl
Res Commun, 2016, 478(1): 392-397

Liu Y, Ma X, Fujioka H, et al. DJ-1 regulates the integrity
and function of ER-mitochondria association through
interaction with IP3R3-Grp75-VDACI. Proc Natl Acad
Sci USA, 2019, 116(50): 25322-25328

Gomez-Suaga P, Paillusson S, Stoica R, et al. The ER-
mitochondria tethering complex VAPB-PTPIP51 regulates
autophagy. Curr Biol, 2017, 27(3): 371-385

Watanabe S, Ilieva H, Tamada H, et al. Mitochondria-
associated membrane collapse is a common pathomechan-
ism in SIGMAR I - and SOD 1 -linkedALS. EMBO Mol
Med, 2016, 8(12): 1421-1437

Iwasawa R, Mahul-Mellier AL, Datler C, et al. Fisl and
Bap31 bridge the mitochondria-ER interface to establish a
platform for apoptosis induction. EMBO J, 2011, 30(3):
556-568


https://doi.org/10.1074/jbc.M117.795286
https://doi.org/10.1016/j.tcb.2008.12.002
https://doi.org/10.2337/db13-1751
https://doi.org/10.1155/2020/3120539
https://doi.org/10.1155/2020/3120539
https://doi.org/10.3389/fcell.2020.604240
https://doi.org/10.3389/fcell.2021.629669
https://doi.org/10.3389/fcell.2021.629669
https://doi.org/10.1016/j.gde.2016.04.006
https://doi.org/10.1038/cdd.2016.52
https://doi.org/10.1038/cdd.2016.52
https://doi.org/10.1073/pnas.1504880112
https://doi.org/10.1038/sj.emboj.7600559
https://doi.org/10.1016/j.bbrc.2016.07.040
https://doi.org/10.1016/j.bbrc.2016.07.040
https://doi.org/10.1073/pnas.1906565116
https://doi.org/10.1073/pnas.1906565116
https://doi.org/10.1016/j.cub.2016.12.038
https://doi.org/10.15252/emmm.201606403
https://doi.org/10.15252/emmm.201606403
https://doi.org/10.1038/emboj.2010.346

- 934 -

CHEATRIALEY  20224E42%: 51

[19]

[21]

(23]

[24]

(25]

[30]

[31]

Fan P, Jordan VC. PERK, beyond an unfolded protein
response sensor in estrogen-induced apoptosis in endo-
crine-resistant breast cancer. Mol Cancer Res, 2022, 20(2):
193-201

Kumar V, Maity S. ER stress-sensor proteins and eR-
mitochondrial crosstalk-signaling beyond (ER) stress
response. Biomolecules, 2021, 11(2): 173
Guardia-Laguarta C, Area-Gomez E, Rub C, et al. alpha-
Synuclein is localized to mitochondria-associated ER
membranes. J Neurosci, 2014, 34(1): 249-259

Gelmetti V, De Rosa P, Torosantucci L, et al. PINK1 and
BECNI relocalize at mitochondria-associated membranes
during mitophagy and promote ER-mitochondria tethering
and autophagosome formation. Autophagy, 2017, 13(4):
654-669

Area-Gomez E, del Carmen Lara Castillo M, Tambini
MD, et al. Upregulated function of mitochondria-asso-
ciated ER membranes in Alzheimer disease. EMBO J,
2012, 31(21): 4106-4123

Eysert F, Kinoshita PF, Mary A, et al. Molecular dysfunc-
tions of mitochondria-associated membranes (MAMs) in
alzheimer’s disease. Int J Mol Sci, 2020, 21(24): 9521
Hattori N, Arano T, Hatano T, et al. Mitochondrial-
associated membranes in Parkinson’s disease. Adv Exp
Med Biol, 2017, 997: 157-169

Bernard-Marissal N, Médard JJ, Azzedine H, et al.
Dysfunction in endoplasmic reticulum-mitochondria
crosstalk underlies SIGMARI loss of function mediated
motor neuron degeneration. Brain, 2015, 138(4): 875-890
Paillard M, Tubbs E, Thiebaut PA, et al. Depressing
mitochondria-reticulum interactions protects cardiomyo-
cytes from lethal hypoxia-reoxygenation injury.
Circulation, 2013, 128(14): 1555-1565

Bertero E, Maack C. Metabolic remodelling in heart
failure. Nat Rev Cardiol, 2018, 15(8): 457-470

Moulis M, Grousset E, Faccini J, et al. The multi-
functional sorting protein PACS-2 controls mitophago-
some formation in human vascular smooth muscle cells
through mitochondria-ER contact sites. Cells, 2019, 8(6):
638

Giorgi C, Ito K, Lin HK, et al. PML regulates apoptosis at
endoplasmic reticulum by modulating calcium release.
Science, 2010, 330(6008): 1247-1251

Khodzhaeva V, Schreiber Y, Geisslinger G, et al.
Mitofusin 2 deficiency causes pro-inflammatory effects
in human primary macrophages. Front Immunol, 2021,
12: 723683

(32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Alford SC, Abdelfattah AS, Ding Y, et al. A fluorogenic
red fluorescent protein heterodimer. Chem Biol, 2012, 19(3):
353-360

Tchekanda E, Sivanesan D, Michnick SW. An infrared
reporter to detect spatiotemporal dynamics of protein-
protein interactions. Nat Methods, 2014, 11(6): 641-644
Naon D, Zaninello M, Giacomello M, et al. Critical
reappraisal confirms that Mitofusin 2 is an endoplasmic
reticulum—mitochondria tether. Proc Natl Acad Sci USA,
2016, 113(40): 11249-11254

Zhang A, Williamson CD, Wong DS, et al. Quantitative
proteomic analyses of human cytomegalovirus-induced
restructuring of endoplasmic reticulum-mitochondrial
contacts at late times of infection. Mol Cell Proteomics,
2011, 10(10): M111.009936

Thai TQ, Nguyen HB, Sui Y, et al. Interactions between
mitochondria and endoplasmic reticulum in demyelinated
axons. Med Mol Morphol, 2019, 52(3): 135-146

Ma JH, Shen S, Wang JJ, et al. Comparative proteomic
analysis of the mitochondria-associated ER membrane
(MAM) in a long-term type 2 diabetic rodent model. Sci
Rep, 2017, 7(1): 2062

Janikiewicz J, Szymaski J, Malinska D, et al. Mitochon-
dria-associated membranes in aging and senescence:
structure, function, and dynamics. Cell Death Dis, 2018,
9(3): 332

Wang C, Dai X, Wu S, et al. FUNDCI-dependent
mitochondria-associated endoplasmic reticulum mem-
branes are involved in angiogenesis and neoangiogenesis.
Nat Commun, 2021, 12(1): 2616

Csordas G, Varnai P, Golenar T, et al. Imaging
interorganelle contacts and local calcium dynamics at
the ER-mitochondrial interface. Mol Cell, 2010, 39(1):
121-132

Lopez-Crisosto C, Diaz-Vegas A, Castro PF, et al.
Endoplasmic reticulummitochondria coupling increases
during doxycycline-induced mitochondrial stress in HeLa
cells. Cell Death Dis, 2021, 12(7): 657

Yang Z, Zhao X, Xu J, et al. A novel fluorescent reporter
detects plastic remodeling of mitochondria-ER contact
sites. J Cell Sci, 2018, 131(1): jcs208686

Cali T, Brini M. Quantification of organelle contact sites
by split-GFP-based contact site sensors (SPLICS) in living
cells. Nat Protoc, 2021, 16(11): 5287-5308

Cieri D, Vicario M, Giacomello M, et al. SPLICS: a split
green fluorescent protein-based contact site sensor for

narrow and wide heterotypic organelle juxtaposition. Cell


https://doi.org/10.1158/1541-7786.MCR-21-0702
https://doi.org/10.3390/biom11020173
https://doi.org/10.1523/JNEUROSCI.2507-13.2014
https://doi.org/10.1080/15548627.2016.1277309
https://doi.org/10.1038/emboj.2012.202
https://doi.org/10.3390/ijms21249521
https://doi.org/10.1093/brain/awv008
https://doi.org/10.1161/CIRCULATIONAHA.113.001225
https://doi.org/10.1038/s41569-018-0044-6
https://doi.org/10.3390/cells8060638
https://doi.org/10.1126/science.1189157
https://doi.org/10.3389/fimmu.2021.723683
https://doi.org/10.1016/j.chembiol.2012.01.006
https://doi.org/10.1038/nmeth.2934
https://doi.org/10.1073/pnas.1606786113
https://doi.org/10.1074/mcp.m111.009936
https://doi.org/10.1007/s00795-018-0212-0
https://doi.org/10.1038/s41598-017-02213-1
https://doi.org/10.1038/s41598-017-02213-1
https://doi.org/10.1038/s41419-017-0105-5
https://doi.org/10.1038/s41467-021-22771-3
https://doi.org/10.1016/j.molcel.2010.06.029
https://doi.org/10.1038/s41419-021-03945-9
https://doi.org/10.1242/jcs.208686
https://doi.org/10.1038/s41596-021-00614-1
https://doi.org/10.1038/s41418-017-0033-z

TR, A LRI < P 5T IR B B AGLIN T i - 935 -

Death Differ, 2018, 25(6): 1131-1145

[45] June CH, Abe R, Rabinovitch PS. Measurement of
intracellular calcium ions by flow cytometry. Curr
Protocols Cytometry, 2001, doi: 10.1002/0471142956

[46] Yang W, Yuste R. In vivo imaging of neural activity. Nat
Methods, 2017, 14(4): 349-359

[47] Fredrikssion S, Gullberg M, Jarvius J, et al. Protein
detection using proximity-dependent DNA ligation assays.
Nat Biotechnol, 2002, 2020(2005): 2473-2477

[48] Thoudam T, Ha CM, Leem J, et al. PDK4 augments ER-

[50]

mitochondria contact to dampen skeletal muscle insulin
signaling during obesity. Diabetes, 2019, 68(3): 571-586
Xue M, Fang T, Sun H, et al. PACS-2 attenuates diabetic
kidney disease via the enhancement of mitochondria-
associated endoplasmic reticulum membrane formation.
Cell Death Dis, 2021, 12(12): 1107

Beaulant A, Dia M, Pillot B, et al. Endoplasmic reticulum-
mitochondria miscommunication is an early and causal
trigger of hepatic insulin resistance and steatosis. J
Hepatol, 2022. doi: 10.1016/j.jhep.2022.03.017


https://doi.org/10.1038/s41418-017-0033-z
https://doi.org/10.1002/0471142956.cy0908s02
https://doi.org/10.1002/0471142956.cy0908s02
https://doi.org/10.1038/nmeth.4230
https://doi.org/10.1038/nmeth.4230
https://doi.org/10.1038/nbt0502-473
https://doi.org/10.2337/db18-0363
https://doi.org/10.1038/s41419-021-04408-x
https://doi.org/10.1016/j.jhep.2022.03.017
https://doi.org/10.1016/j.jhep.2022.03.017

	线粒体相关内质网膜及检测方法
	1 MAM概述
	1.1 MAM相关蛋白 
	1.2 MAM与疾病发生发展

	2 MAM检测方法
	2.1 透射电子显微镜成像  
	2.2 荧光成像技术
	2.2.1 荧光探针检测技术
	2.2.2 免疫荧光检测技术

	2.3 基于分裂绿色荧光蛋白的接触位点传感器
	2.4 Ca2+检测技术
	2.5 邻位连接技术

	3 总结与展望


