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1. Intro duc tion

Apop to sis is a reg u lated cell death pro gram nec es sary for the 

homeo sta sis of mul ti cel lu lar organ isms and nor mal embry onic 

devel op ment [1]. It also plays a role in dis eases such as can cer, 

where the pro cess is shut down, and neu ro de gen er a tive dis or ders, 

where excess cell death occurs [2].

There are sev eral path ways that trig ger apop to sis in cells. The 

extrin sic path way involves extra cel lu lar sig nals that acti vate recep-

tors from the tumor necro sis fac tor (TNF) super fam ily cell sur face 

recep tors, such as Fas [3]. These “death recep tors” con tain an intra-

cel lu lar death domain (DD), which upon ligand bind ing form an 

intra cel lu lar com plex called the death induc ing sig nal ing com plex. 

For ma tion of this com plex leads to acti va tion of caspase-8, which 

in turn prop a gates the acti va tion of down stream effec tor casp as es, 

and final exe cu tion of cell death. Caspase-8 also cleaves the BH3-

only pro tein Bid and trun cated Bid (t-Bid) trans lo cates to the mito-

chon dria to acti vate the intrin sic apop to tic path way [4].

There are many sig nals that lead to cell death through the mito-

chon drial path way includ ing DNA dam age and oxi da tive stress. 

Often thought of as “the point of no return”, mito chon drial mem-

brane per me abi li za tion (MMP) plays a cru cial role in the intrin sic 

path way of apop to sis. MMP has sev eral com plex mech a nisms that 

involve both the mito chon drial inner mem brane (IM) and mito-

chon drial outer mem brane (OM). The IM imper me abil ity is nec-

es sary for main tain ing the pro ton gra di ent that is required for oxi-

da tive phos phor y la tion [5]. How ever, IM per me abi li za tion to small 

ions and water causes the mito chon drial trans mem brane potential 

(DWm) to dis si pate and pro motes osmotic matrix swell ing and con-

se quent OM rup ture [6]. The mito chon drial per me abil ity tran si tion 

pore com plex (mPT PC) medi ates OM rup ture. While the com po si-

tion of this multi-com po nent com plex is not entirely defined yet, it 

includes the aden o sine nucle o tide trans lo ca tion (ANT), cy clo phi lin 

D (CypD), and volt age-depen dent anion chan nel (VDAC) [7].

There are meth ods that uti lize fluo res cent probes to detect per-

me abi li za tion of the IM. Cell per me ant dyes such as Rho da mine 

123 and Te tram eth yl rhod amine ethyl ester (TMRE) mea sure DWm, 

but are not con sid ered reli able indi ca tors of IM per me abi li za tion 

[8,9]. Another method of study ing mPT PC open ing is the cal ce in 

quench ing method, which involves mon i tor ing the changes in 

fluo res cence pro duced by the fluo ro chrome cal ce in in the mito-

chon dria and cyto sol result ing from redis tri bu tion of fluo res cence 

quench ing ions [10]. While infor ma tive, nei ther fluo res cent probes 

to mea sure DWm, nor the cal ce in quench ing method address the 

ini tial mech a nism of cell death.

OM per me abi li za tion has been pro posed to occur inde pen dently 

of IM per me abi li za tion. One pos si ble mech a nism is the acti va tion of 

pro-apop to tic Bcl-2 fam ily pro teins (e.g., Bax, Bid), which trans lo cate 

from the cyto sol to the OM favor ing the for ma tion of pores or large 

mul ti meric chan nels and allow the release of apop to gen ic inner 

mem brane space (IMS) pro teins into the cyto sol [11–15]. Acti va tion 

of the mPT PC might also lead to the phys i cal rup ture of the OM and 

release of IMS pro teins, pre vent ing inhi bi tion of the per me abil ity 

tran si tion (PT). [16]. Recent research sug gests that mito chon drial fis-

sion, another early event in apop to sis, also reg u lates MOMP. Chem-

i cal inhi bi tion of DRP1, a major mol e cule of the fis sion machin ery, 

affects Bax-depen dent cyto chrome c release [17].
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In this arti cle, we describe stan dard meth ods for assay ing 

MOMP dur ing apop to sis. First, we illus trate sub cel lu lar frac tion-

ation to detect the release of IMS pro teins, cyto chrome c [18] and 

Omi/HtrA2 [19]. We also pres ent a cell-free sys tem used to assay 

cyto chrome c release from iso lated liver mito chon dria. Finally, we 

describe immu no cy to chem is try and fluo res cence micros copy to 

assess the sub cel lu lar local i za tion of cyto chrome c in situ. Immu-

no blot ting or cell stain ing meth ods can be time-con sum ing espe-

cially in regards to drug char ac ter iza tion. For screen ing meth ods, a 

com mer cial ELISA kit from R&D Sys tems, Inc. can be used.

2. Descrip tion of meth ods

2.1. MOMP detec tion by sub cel lu lar frac tion ation and 

immu no blot ting

2.1.1. Equip ment and reagents

  Glass Do un ce homog e nizer (2 ml) and tight B-type pes tle (Kon-

tes)

  Mini-elec tro pho re sis and trans fer unit (Invit ro gen)

  1£ Phos phate Buf fered Saline (PBS) (EMD)

  Mito chon drial iso la tion buffer (250 mM sucrose, 20 mM HEPES-

KOH, pH 7.4, 10 mM KCl, 1.5 mM EGTA, 1.5 mM EDTA, 1 mM 

MgCl2, 1 mM DTT)

  Com pleteTM Pro te ase inhib i tor cock tail (Roche)

  Mito chon drial lysis buffer (50 mM HEPES, pH 7.4, 1% NP-40, 10% 

glyc erol, 1 mM EDTA, 2 mM DTT, pro te ase inhib i tor cock tail)

  Quick start Brad ford assay reagent (Bio-Rad)

  Trans blot Trans fer medium , pure nitro cel lu lose, 0.2 lM, (Bio-Rad)

  Pon ceau S solu tion (Bio-Rad)

  12% Nu PAGE mini-gels plus run ning sys tem (Invit ro gen)

  Mouse anti-cyto chrome c, clone 7H8.2C12 (BD Bio sci ences)

  Rab bit anti-OMI/HtrA2 (R&D Sys tems)

  West Pico Enhanced Chemi lu mi nes cent Sub strate (Pierce)

  Rab bit anti-COX IV (Cell Sig nal ing)

  Mouse anti-b-Actin (Sigma)

  RestoreTM Western Blot Strip ping Buffer (Pierce)

  Stauro sporine, 2 mM stock in DMSO (Cal bio chem)

2.1.2. Pro ce dure

2.1.2.1. Sub cel lu lar frac tion ation. Treat two 100 mm cul ture dishes 

of con flu ent HEK293T cells with the pro-apop to tic drug stauro-

sporine (STS) (1 lM) or car rier DMSO for 4 h. For apop to sis stud ies 

it is impor tant to har vest the non-adher ent float ing cells. There-

fore, place the cells directly on ice after STS treat ment with out 

remov ing the medium, and remove the cells from the cul ture dish 

using a dis pos able cell scraper. Trans fer the cell sus pen sions into 

a 15 ml tube on ice. Col lect the cells by cen tri fu ga tion at 200g for 

5 min using a table top cen tri fuge at 4 °C. Next, wash the cell pel-

lets twice with 10 ml of ice-cold PBS (pH 7.4). You must remove all 

PBS from the cell pellet before add ing the mito chon drial iso la tion 

buffer. Resus pend the pellet with 300 ll of ice-cold mito chon drial 

iso la tion buffer and incu bate on ice for 20–30 min. Trans fer the cell 

sus pen sion to a glass do un ce with a tight pes tle (B-type). Apply 

50–60 strokes by mov ing the pes tle gently up and down. Trans fer 

the cell homog e nates with a Pas teur pipette to an ep pen dorf tube 

and spin the sam ple at 800g for 10 min at 4 °C to remove nuclei and 

unbro ken cells. Care fully remove the super na tant, which con tains 

mito chon dria, and trans fer to a new ep pen dorf tube and spin at 

22,000g for 15 min at 4 °C. The pel lets con tain mito chon dria, and 

are resus pended with 100 ll of mito chon drial lysis buffer. Save the 

super na tant as the cyto solic frac tion. You can save both mito chon-

drial and cyto solic frac tions by freez ing at ¡70 °C. Mea sure the pro-

tein con cen tra tion of the cyto plas mic and mito chon drial frac tion 

by using the Quick start Brad ford assay reagent and by com par ing 

to a stan dard of BSA 0.05–0.5 mg/ml diluted in the mito chon drial 

iso la tion buffer.

2.1.2.2. Immu no blot ting with apop to gen ic fac tor anti bod ies. Sep-

a rate cyto solic and mito chon dria-enriched frac tions (20 lg) by 

SDS–PAGE and trans fer to nitro cel lu lose mem branes. After trans-

fer, stain the nitro cel lu lose fil ters with Pon ceau S solu tion to con-

firm equal pro tein trans fer. Incu bate mem branes for 2 h at room 

tem per a ture with PBS, 5% non fat milk, 0.1% Tween 20 to block for 

non spe cific pro tein bind ing. Dilute the primary mouse anti-cyto-

chrome c (1:1000) or anti-OMI/HtrA2 (1:1000) anti bod ies in PBS, 

0.1% Tween 20, 5% BSA and rock the blots over night at 4 °C on a 

shaker. The primary anti body solu tion can be stored at 4 °C by add-

ing 0.02% NaN3 and used repeat edly up to five times. The fol low ing 

day, wash mem branes three times with PBS, 0.1% Tween 20, for 

5 min, and incu bate with sec ond ary horse rad ish per ox i dase-linked 

goat anti-mouse or anti-rab bit sec ond ary anti bod ies (1:2000) for 

2 h at room tem per a ture. To con firm equal pro tein load ing, place 

mem branes in strip ping buffer and rock for 5 min on a shaker. 

After strip ping, re-block with PBS, 5% non fat milk, 0.1% Tween 20 

for 2 h. To con firm equal load ing of cyto solic and mito chon drial 

frac tions, use mouse anti-b-Actin (1:10,000) and rab bit anti-COX 

IV (1:1000), respec tively. Visu al ize pro tein-anti body com plexes, 

using West Pico Enhanced Chemi lu mi nes cence reagent.

2.1.3. Data anal y sis

We used this method in Fig. 1 to dem on strate the release of 

cyto chrome c and Omi/HtrA2 from mito chon dria in HEK293T cells 

induced to undergo apop to sis by STS treat ment. After a 4 h treat-

ment with STS, we found cyto chrome c and Omi/HtrA2 in the cyto-

solic frac tion (Fig. 1, upper panel). It is obvi ous that these pro teins 

moved from the mito chon dria to the cyto sol because DMSO-con-

trol treated cells show reten tion of these pro teins in the mito chon-

drial frac tion (Fig. 1, lower panel). We ran sam ples in dupli cates.

2.1.3.1. Trou ble shoot ing. To study MOMP as evi denced by cyto-

chrome c release, you must have ade quate amounts of healthy cells 

to start out. More over, proper iso la tion of mito chon dria using the 
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Fig. 1. Anal y sis of the release of cyto chrome c and Omi/HtrA2 dur ing apop to sis 

by sub cel lu lar frac tion ation. HEK293T cells were treated for 4 h with 1 lM stauro-

sporine (STS). The cyto solic and mito chon drial frac tions were prepared and ana-

lyzed by immu no blot ting using anti-cyto chrome c (1:1000) or anti-Omi/HtrA2 

(1:1000) anti bod ies. To ensure proper load ing, blots were reprobed with anti-b-

actin anti bod ies for the cyto solic frac tion and the mito chon drial pro tein Cox IV for 

the mito chon drial frac tion. Results are pre sented in dupli cates (labeled 1 and 2). 
*Con tam i nant band seen in cyto chrome c blot. **Likely con tam i nant band seen in 

the Omi/HtrA2 blot.



Download English Version:

https://daneshyari.com/en/article/1994279

Download Persian Version:

https://daneshyari.com/article/1994279

Daneshyari.com

https://daneshyari.com/en/article/1994279
https://daneshyari.com/article/1994279
https://daneshyari.com

