
�������� ��	
���
��

Relationship between intracellular pH, metabolic co-factors and caspase-3
activation in cancer cells during apoptosis

Tatiana F. Sergeeva, Marina V. Shirmanova, Olga A. Zlobovskaya, Alena I.
Gavrina, Varvara V. Dudenkova, Maria M. Lukina, Konstantin A. Lukyanov,
Elena V. Zagaynova

PII: S0167-4889(16)30357-3
DOI: doi:10.1016/j.bbamcr.2016.12.022
Reference: BBAMCR 18023

To appear in: BBA - Molecular Cell Research

Received date: 19 September 2016
Revised date: 23 December 2016
Accepted date: 30 December 2016

Please cite this article as: Tatiana F. Sergeeva, Marina V. Shirmanova, Olga A.
Zlobovskaya, Alena I. Gavrina, Varvara V. Dudenkova, Maria M. Lukina, Konstantin
A. Lukyanov, Elena V. Zagaynova, Relationship between intracellular pH, metabolic co-
factors and caspase-3 activation in cancer cells during apoptosis, BBA - Molecular Cell
Research (2017), doi:10.1016/j.bbamcr.2016.12.022

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.bbamcr.2016.12.022
http://dx.doi.org/10.1016/j.bbamcr.2016.12.022


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

1 
 

Relationship between intracellular pH, metabolic co-factors and caspase-3 activation in 

cancer cells during apoptosis 

 

Tatiana F. Sergeeva
a
 tatiana.f.sergeeva@gmail.com 

Marina V. Shirmanova
a
 shirmanovam@mail.ru  

Olga A. Zlobovskaya
b 

 olgazlob@yandex.ru 

Alena I. Gavrina
a,c

 gavrina.alena@mail.ru 

Varvara V. Dudenkova
a,c 

orannge@mail.ru  

Maria M. Lukina
a,c 

kuznetsova.m.m@yandex.ru 

Konstantin A. Lukyanov
a,b

 kluk@ibch.ru 

Elena V. Zagaynova
a
 ezagaynova@gmail.com 

  

a
Nizhny Novgorod State Medical Academy, 10/1 Minin and Pozharsky Sq., 603005 Nizhny 

Novgorod, Russia  

b
Shemyakin–Ovchinnikov Institute of Bioorganic Chemistry RAS, 16/10 Miklukho-Maklaya St., 

117997 Moscow, Russia 

c
Nizhny Novgorod State University, Gagarin Ave., 23, 603950 Nizhny Novgorod, Russia  

 

Corresponding author: Tatiana F. Sergeeva; e-mail: tatiana.f.sergeeva@gmail.com; Address: 

10/1 Minin and Pozharsky Sq., 603005 Nizhny Novgorod, Russia; Phone: +7 831 465 56 72.  

 

Abbreviations: FRET, Forster Resonance Energy Transfer; NAD(P)H, reduced nicotinamide 

adenine dinucleotide (phosphate); FAD, flavin adenine dinucleotide; OXPHOS, oxidative 

phosphorylation; pHi, intracellular pH; FLIM, fluorescence lifetime imaging microscopy; STS, 

staurosporine; ROS, reactive oxygen species; NHE1, Na
+
/H

+
 exchanger. 

 

Abstract 

A complex cascade of molecular events occurs in apoptotic cells but cell-to-cell 

variability significantly complicates determination of the order and interconnections between 

different processes. For better understanding of the mechanisms of programmed cell death, 

dynamic simultaneous registration of several parameters is required. In this paper we used 

multiparameter fluorescence microscopy to analyze energy metabolism, intracellular pH and 

caspase-3 activation in living cancer cells in vitro during staurosporine-induced apoptosis. We 

performed metabolic imaging of two co-factors, NAD(P)H and FAD, and used the genetically 

encoded pH-indicator SypHer1 and the FRET-based sensor for caspase-3 activity, mKate2-
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