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Abstract 
This project aims to study acetylation as a regulator of CypA function and localisation in the cell. 
 Cyclophilin A (CypA), a member of the Cyclophilins, a family of proteins with a peptidyl-prolyl isomerase activity is found to be 
over expressed in a range of cancer cells. Although the exact role that it plays in cancer isn’t fully understood studies show that 
CypA is involved in the division of leukaemia and lymphoma cells having been reported to undergo a cell-cycle dependent 
relocation from the centrosomes to the midbody, where it plays an important role in cytokinesis completion. The molecular 
mechanism governing this alteration in localization of CypA remains unclear although it had been suggested to result from a post-
translational modification. 
To test this hypothesis a first approach was taken by which conditions for detection of a modified form of CypA were optimized, 
using samples of cells in different stages of the cell cycle. Results show that CypA presents a cell cycle dependent PTM with a 
maximum of the modified form identified when cells are synchronized in mitosis.  In order to detect acetylation as the eventual 
PTM observed different techniques were used including mass spectrometry, co-immunoprecipitation of endogenous and 
exogenous protein conjugated with Western blotting. CypA was found to co-immunoprecipitate in the total acetylated lysine 
pulldown from proteins extracts of cancer cells, suggesting that it is indeed acetylated. 
Keywords: Cyclophilin A, peptidyl-prolyl isomerase, Post-translational modifications, acetylation, leukaemia, cancer cells 
Abbreviations: CypA, cyclophilin A; PPI, peptidyl-prolyl isomerase; PTM, post-translational modifications; CypB, cyclophilin B; MS, 
mass spectrometry; HDAC, histone deacetylases; KAT, lysine acetyltransferases; PBS, Phosphate-buffered Saline; APS, Ammonium 
persulfate; TEMED, Tetramethylethylenediamine; PVDF, Polyvinylidene difluoride; TBS, Tris-buffered saline; TBST, Tris-buffered 
saline Tween; RT, room temperature; TCA, Trichloroacetic Acid; DTT, Dithiothreitol; ABC, Ammonium bicarbonate; TFA, 
Trifluoroacetic acid; LFQ, Label Free Quantifcation; TSA, trichostatin A; GFP, Green Fluorescent Protein;

Introduction 

Lysine acetylation is a post-translation modification that 
comprises the transfer of an acetyl group to the ε-amino 
group of a lysine residue. The process of lysine acetylation is 
reversible and is dependent of two sets of enzymes, lysine 
acetyltransferases (KATs) and lysine deacetylases (KDACs). 
KATs can be divided into three major groups; GNAP, MYSt 
and p300/CBP. KDACs are divided into two groups 
depending on the catalytic mechanism used: histone 
deacetylases (HDACs) and sirtuins depending if they are Zn2+ 
or NAD+ dependent respectively (reviewed in [1]). 
Cyclophilin A is a ubiquitously expressed protein belonging 
to the cyclophilin family [2]–[4] a group of proteins with 
peptidyl-prolyl isomerase activity, in other words proteins 
able to catalyse cis-trans isomerizations in peptide bonds 
involving Proline [5], [6]. This protein has reportedly undergo 
different PTM, namely CypA has been found to be 
phosphorylated in multiple myeloma cells [7] and in human 
embryonic kidney (HEK293) cells [6]. Additionally, this 
protein was found to be acetylated in T cell leukaemia 
(Jurkat) cells and cervical carcinoma (HeLa) cells with a 
proportion of 50% and 38% of the endogenous protein being 
acetylated. In this study it was also found that acetylation of 
the K125 residue inhibits its isomerase activity by 35 folds 
and its binding to known interactors such as CsA and HIV-1 
infection capsid protein CA [8]. Another study shown that 
acetylation is fundamental to CypA secretion in rat vascular 
smooth muscle cells and extracellular form of this protein 

had also been found in conditioned medium of irradiated 
breast cancer cells where it presented an alternating 
removal of N-terminal methionine associated with a 
combination of acetylations and methylations [9].  
CypA was found to be overexpressed in a range of cancer 
such as liver [10], pancreatic [11], lung [12], skin [13], gastric 
[14], esophageal [15] and endometrial cancers [16]. The 
exact role that this protein plays in cancer isn’t fully 
understood, however there are several studies associating it 
with tumour growth, metastasis [17]–[20] and 
chemoresistance [21]. 
A more recent work as associated CypA with division of 
leukaemia and lymphoma cells where it plays a role in the 
completion of cytokinesis. Moreover CypA has been 
reported to undergo a cell-cycle dependent relocation from 
the centrosomes to the midbody during cytokinesis [4]. 
Unpublished data from our lab revealed that CypA 
undergoes a post translational modification during the cell 
cycle as a mobility shift in the CypA protein was identified 
when examined by SDS-PAGE. Further investigation revealed 
that the mobility shift is not due to phosphorylation. This 

project aimed to investigate -lysine acetylation of CypA as a 
cell cycle dependent PTM that may regulate its localisation 
and function. 

Materials and Methods 

Unless stated otherwise, reagents were purchase from 
Sigma-Aldrich®. 
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Cell Culture  
In this project it was used human cell lines K562 chronic 
myelogenous leukaemia cells and Jurkat T lymphoma cells. 
Cells were maintained in complete RPMI medium (Fetal 
Bovine Serum 10 % (v/v); Penicillin-Streptomycin 1 % (v/v); 
RPMI-1640 medium - containing glutaMAX (Gibco)) at 37 °C, 
95 % O2 and 5 % CO2. Cells were passaged three times a 
week, in a T-175 flask, until approximately passage 30. When 
reached, cells stock was discarded and a new stock was 
removed from liquid nitrogen and grown.  

Transient Transfection of K562 cells  
K562 cells were passaged the day before transfection. 
10x106 of cells were centrifuged at 430xg for 3min in a 

Centrifuge 5417R (Eppendorf) and re-suspended in 100 L of 

Phosphate-buffered Saline (PBS) in an Eppendorf, 5 g of 
plasmid DNA were added. Mixture was placed in a 
Nucleofector cuvette and transfection was performed using 
an Amaxa Biosystems NucleofectorTM II. The cuvette 
mixture was then re-suspended in 13 mL of complete RPMI 
medium in a T-75 flask and incubated for 48h at 37 °C, 95 % 
O2 and 5 % CO2. 

Cell cycle synchronisation 
K562 cells were synchronized in G1 phase using G1 sync 
medium (Penicillin-Streptomycin 1 % (v/v); RPMI-1640 
medium). Cells in a concentration of 1 million cells/ml were 
washed 3 times with 10 mL of  PBS following centrifugations 
at 430xg  for 3 min in AllegraTM X-22R Centrifuge (Beckman 
CoulterTM). Following the washes cells were incubated in G1 
sync medium overnight at 37 °C, 95 % O2 and 5 % CO2.  
Cells were synchronized in pro-metaphase stage of mitosis 
by exposure to 1,6 µM of Nocodazole for 16h at 37 °C, 95 % 
O2 and 5 % CO2. Cells were then harvested by centrifugation 
at 400xg for 3 min at 4 °C in a Centrifuge 5417R. To harvest 
cells during cytokinesis, following centrifugation cells were 
washed 3 times with PBS to remove the Nocodazole and 
incubated in complete RPMI medium for 1 h. Cells were 
harvested by centrifugation as described above. 

Cell lysis 
Cells collected were centrifuged at 400xg for 3 min at 4°C in 
a Centrifuge 5417R (Eppendorf), supernatant was removed 
followed by 3 washes with cold PBS and centrifuged again as 
outlined above. After washes the pellet was re-suspended in 
appropriate lysis buffer and placed on ice for 10 min. The 
mixture was then centrifuged at 20817xg for 30 min. 
Supernatant was transferred to a new Eppendorf tube and 
stored at -20°C.  

Bradford assay 
Bradford assay [22] was performed in a 96 well plate where 

2L of each protein sample was added to 100 L of Bradford 

reagent. The blank was prepared adding 2 L of buffer used 

for cell lysis to 100L of Bradford reagent. Samples were 
incubated 5 min before measurement. Absorbance was 
measure at 595 nm and 450 nm using a SpectraMax 190 
microplate reader (Molecular Devices). 
The Standard curve was calculated based on a gradient of 

BSA solutions of 0.3125, 0.625, 1.25, 2.5 and 5 g/L and 2 

L of each of the solutions were added to 100 L of Bradford 
reagent in a 96 well plate and absorbance was measure at 

595 nm and 450 nm in SpectraMax 190 microplate reader 
(Molecular Devices). 
When applied to a mass spectrometry experiment, the 
protocol had some changes namely with standard curve 
being prepared as shown in Table 1, samples being diluted in 
water (5µL of sample and 155µL of H2O) and 40 µL of 
Bradford reagent instead of 100 µL, were added to the 
samples and standard curve solutions. 
Table 1: Solutions used for standard curve in mass spectrometry 
Bradford assay. 

BSA 0.2 
mg/mL (µL) 

Urea buffer for mass 
spectrometry (µL)  

(described in MS section) 
H2O (µL) 

0 5 155 

5 5 150 

10 5 145 

15 5 140 

20 5 135 

25 5 130 

Flow cytometry 
Cells were centrifuged at 400xg for 3 min at 4 °C in a 
Centrifuge 5417R (Eppendorf). Supernatant was removed 
and cells were washed three times with ice-cold PBS and 
centrifuged as before. After the last wash cells were re-

suspended in 100 L of cold PBS and 1 mL of ice-cold 70% 
ethanol solution was added to the suspension and the 
sample was stored overnight at 4°C. Mixture was centrifuged 
at 1700xg for 5 min in a Centrifuge 5417R (Eppendorf), 
ethanol was removed and the pellet was re-suspended in 

200 L of PBS with 7,5 L of ribonuclease A solution (10 

mg/mL ribonuclease, H2O)  and 15 L of propidium iodite 
solution (1 mg/mL, PBS) were added. Samples were then 
incubated at 37°C for 30 min and the analysis of the cell cycle 
profile was performed using a B.D. AccuriTM C6 Flow 
Cytometer (BD biosciences). 

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 
An equal amount of protein, determined by the Bradford 
assay, was added to 4xLaemmli (Sodium dodecyl sulfate 
(SDS)  8% (w/v); Tris/Cl pH 6.8 250mM; Glycerol 40% (v/v); 
Bromophenol blue 0,5% (w/v); Β-mercaptoethanol 4% (v/v); 
H2O) sample buffer and boiled at 95°C for 5 min, followed by 
centrifugation at 400xg for 1min in a Centrifuge 5417R and 
loaded on the SDS gel. 
The resolving gels were poured into a 1,5 mm rig  of a Dual 
Mini Slab System (Atto). The resolving gels (Acrylamide 
(National Diagnostics) 20 %,15 % or 12 % (w/v); Tris-HCL 
solution –Tris 1,5 M HCl to pH 8,8-  25 % (v/v); SDS 0.01 % 
(w/v); Ammonium persulfate (APS) 0.01 % (w/v); 
Tetramethylethylenediamine (TEMED) (National 
Diagnostics) 0.04 % (v/v); H2O) were overlain with a 70 % 
ethanol layer until the gels set, to prevent air bubbles and to 
allow polymerization. Once the resolving gel was set the 
ethanol was removed and the stalking gel (Acrylamide 5 % 
(w/v); Tris-HCL solution –Tris 1 M HCl to pH 6,8-  13 % (v/v); 
SDS 0,10 % (w/v); APS 0,01 % (w/v); TEMED 0,04% (v/v); H2O) 
was added and either a 10 or 15 well 1,5 mm comb was 
placed in the gel prior its polymerisation. Once the stalking 
gel set, gels were placed in the tank, running buffer (Tris 
25mM; Glycine 192mM; SDS 0.1% (w/v); H2O) was added to 
the system and combs were removed. Proteins were loaded 
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in the gel and 5 L of Dual Colour pre-stained Protein 
Standards was used as a weight marker (Bio-Rad 
Laboratories).  
Electrophoresis was performed in running buffer at a 
constant voltage 90V until the dye front passed the stacking 
gel; constant 150V until the dye front passed the running gel 
and 200V after until the 15kDa band reached the bottom 

Immunoblotting 
Polyvinylidene difluoride membranes (PVDF membranes) 
were activated with methanol (100% v/v) for 1 min and then 
equilibrated in the transfer buffer (10xTris-Glycine 10% (v/v); 
Methanol 20% (v/v); H2O) for 5 min. Once the gel was 
resolved it was separated from the plates and placed in 
transfer buffer. The transfer cassette was arranged in 
transfer buffer as follows: sponge, 2x filter paper (9x7cm), 
gel, PVDF membrane, 2x filter paper, sponge. The cassette 
was placed in the Bio-Rad Mini-Protein II transfer apparatus 
and filled with cold transfer buffer (10xTris-Glycine 10 % 
(v/v), Methanol 20 % (v/v), H2O) and an ice block. The protein 
was transferred from the gel to the membrane at a constant 
voltage of 110 V for 70 min. The membranes were then 
placed in Tris-buffered saline (TBS) (NaCl 0,05 % (v/v), Tris 
100 mM, HCl to pH 7,4, H2O) and stained with ponceau 
(Ponceau S 0,1 % (w/v), acetic acid 5% (v/v),  staining 
solution to confirm successful protein transfer, H2O) and the 
membranes were washed with Tris-buffered saline Tween 
(TBST) (Tween 20 0,05 % (v/v), TBS) to remove the stain. 
Membranes were blocked by incubation with blocking 
solution for 1 hour at room temperature (RT). Following 
blocking membranes were incubated with primary antibody 
overnight at 4°C. Blots were washed 3 times with 10 mL TBST 
for 5 min. and incubated with HRP-conjugated secondary 
antibody 1h at RT. Washing of the secondary antibody was 
done with intercalated washes with TBS and TBST (3 times 
each) of 10 mL for 5 min. Following the washes ECL reagent 
(Thermo-Fisher or Merk) was added to the membrane for 1 
min and the blots were transfer to an autoradiography 
cassette and exposed to Fuji Medical X-Ray film for various 
lengths of time which were then developed. Immunoblot 
images were analysed using Image J software. 
To re-probe the membrane, immunoreactive complexes 
were removed by six washes with 10 mL of TBST for 5 
minutes each followed by immersion in stripping buffer for 
20 minutes at 55°C and then 25 minutes at room 
temperature while shaking. After treatment with stripping 
buffer the membranes were one more time washed with 10 
mL of TBST for 5 minutes. 

Immunoprecipitation of endogenous CypA protein 
20x106 K562 cells were lysed with 1 mL lysis buffer and the 
whole cell lysate was prepared as outlined before and the 
tube was placed on ice for 10 min. The cell lysate was 
centrifuged at 20817xg for 30 minutes. The supernatant was 
transferred to a separate Eppendorf tube and pellet was 
discarded.  A Bradford assay was performed to determine 
protein concentration as outlined above and protein was 

diluted in TBS to a final concentration of 1 g/L. 
Protein A/G agarose beads (Santa Cruz Biotechnologies) 
were vortexed in a Vortex-2 Genie (Scientific Industries) and 

50 L of the beads slurry were removed from the stock and 

washed with 300 L of TBS. The mixture was then 

centrifuged at 1000xg for 5 min at 4°C, the supernatant was 
removed and the wash was repeated twice. 1,1 mL of sample 

was added to the 50 L of the beads slurry and incubated in 
end-over-end rotation using a rotator SB2 (Stuart®) for 30 
minutes at 4°C to pre-clear the sample of unspecific binding 

to the beads. After pre-clearing, a 100 L sample, which 
represents the lysate before binding had occurred, was 
stored for analysis by SDS-PAGE. Five micrograms of anti-
CypA antibody ab41684 from Abcam was added to the 1 mL 
of pre-cleared protein lysate and incubated overnight at 4°C 
in end-over-end rotation to form immunocomplexes.  

Immunocomplexs were precipitated by adding 50 L protein 
A/G agarose beads and incubating in end-over-end rotation 
for 2 hours at 4°C. The mixture was centrifuged at 1000xg for 
5 minutes at 4°C. The supernatant, which represents the 
post bind sample was removed and stored for analysis by 
SDS-PAGE. The beads were washed for four times with 1 mL 
TBS and centrifugated by 1000xg at 4°C for 5 minutes. After 

the final wash the beads were resuspended in 50 L of 
sample buffer, vortexed and centrifuged for 1 minute using 
the same centrifugation settings. The mixture was boiled at 
95°C for 10 minutes and then centrifuged using the same 
settings. The immunoprecipated protein sample, excluding 
the beads, was loaded into a SDS-PAGE gel.  

Immunoprecipitation of GFP-CypA fusion protein 
using GFP-Trap®_A 
10x106 K562 were transfected with 5 g of plasmid DNA 
pEGFP-CypAWT or pEGFP-C1 and incubated for 48h. The cells 

were re-suspended in 200 L of Lysis buffer used in GFP 
immunoprecipitation assays (Tris/Cl pH 7.5 10mM; NaCL 
150mM; EDTA 0,5mM; NP-40 0.5% (v/v); H2O) and the tube 
was placed on ice for 10 min. The cell lysate was centrifuged 
at 20817xg for 30 minutes. The supernatant was transferred 
to a separate Eppendorf tube and pellet was discarded. 
Bradford assay was performed and protein sample was 
diluted with ice-cold Dilution/Wash buffer specific for GFP 
immunoprecipitation assays (Tris/Cl pH 7.5 10mM; NaCL 
150mM; EDTA 0,5mM; H2O) to 1 mL at concentration of 1 

g/L. After dilution, 100 L were stored for analysis by SDS-
PAGE as sample of lysate prior to binding. 
The GFP-Trap®_A beads were prepared by vortexed and 25 

L of the beads slurry was removed from the stock and 

placed into 500 L ice-cold Dilution/Wash buffer and the 
mixture was centrifuged at 2500xg for 2 minutes at 4 °C, the 
supernatant was removed and the wash was repeated twice. 

900 L of protein lysate at a concentration of 1 g/L was 
added to the beads and the tube was incubated for 2 hours 
at 4 °C with constant mixing. The tube containing the beads 
and the lysates was then centrifuged at 2500xg for 2 min at 
4 °C, the supernatant, which represents the post bind sample 
was removed and stored for analysis by SDS-PAGE and the 

GFP-Trap®_A were re-suspended in 500 L of ice-cold 
Dilution/Wash buffer. The mixture was then centrifuged at 
2500xg for 2 min at 4 °C, supernatant removed and wash 
repeated twice. After a last wash the beads were re-

suspended in 100 L of 2x Laemmli sample buffer and the 
mixture was boiled for 10 min at 95 °C to dissociate 
immunocomplexs from the GFP-Trap®_A beads. The beads 
were collected by centrifugation at 2500xg for 2 min and the 
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SDS-PAGE was performed with the supernatant containing 
the immunoprecipitated protein.  

Immunoprecipitation of FLAG-CypA fusion protein 
using ANTI-FLAG® M2 Affinity Gel 
10x106 K562 were transfected with 5 g of plasmid DNA 
p3xFLAG-CypAWT or p3XFLAG-CMV-10 and incubated for 

48h. The cells were re-suspended in 200 L of Lysis buffer 
specific for FLAG immunoprecipitation assays (Tris/Cl pH 7,5 
50 mM, NaCl 150 mM, EDTA 1 mM, TITON X-100 1 % (v/v), 
H2O) and the tube was placed on ice for 10 min. The cell 
lysate was centrifuged at 20817xg for 30 minutes. The 
supernatant was transferred to a separate Eppendorf tube 
and pellet was discarded. Bradford assay was performed and 
protein sample was diluted with ice-cold Dilution/Wash 
buffer specific for FLAG Immunoprecipitation assays (Tris/Cl 
pH 7,5 50 mM, NaCL 150 mM, H2O) to a volume of 1 mL at a 

concentration of 0,6 g/L. After dilution, 100 L, which 
represents the lysate sample, were stored for analysis by 
SDS-PAGE 

ANTI-FLAG® M2 Affinity Gel was vortexed and 5 L were 

washed 4 times with 500 L ice-cold Dilution/Wash buffer 
being centrifuged at 8200xg for 30 seconds at 4 °C and let for 

settle for 2 minutes after. 900 L of protein lysate at a 

concentration of 0,6 g/L were added to the pre-washed 
ANTI-FLAG® M2 Affinity Gel and the tube was left tumble 
end-over-end overnight at 4°C. The resins with the samples 
were centrifuged the day after at 8200xg for 30 seconds at 4 
°C and the supernatant, which represents the post bind 
sample was removed and stored for analysis by SDS-PAGE. 

The resins were then washed 4 times with 500 L ice-cold 
Dilution/Wash buffer being centrifuged at 8200xg for 30 
seconds at 4°C and let to settle for 2 minutes after. In the last 
wash, almost all the supernatant was removed (due to the 
small amount of resin, it was not possible to assure that no 
resin was being removed if all the supernatant were to be 
removed, so a small amount of supernatant corresponding 
to a volume of approximately 5µL was left in the tubes) and 
40µL of 4x sample buffer lacking the reducing agent (β-
mercaptoethanol) (SDS 8% (w/v); Tris/Cl pH 6.8 250mM; 
Glycerol 40% (v/v); Bromophenol blue 0,5% (w/v); H2O)  
were added to the tubes and the mixture was boiled for 3 
min at 95°C to dissociate immunocomplexes from the ANTI-
FLAG® M2 Affinity Gel . In the case of a Western Blot analysis, 
the resin was separated from the proteins by centrifugation 
at 8200xg for 30 seconds and the SDS-PAGE was performed 
with the supernatant. For a mass spectrometry analysis 

samples were eluted with 100 g of Glycine solution for 
elution (Glycine 0,1 M, HCl to pH 3,5, H2O), incubated with 
gentle shaking for 5 min at room temperature using a rotator 
SB2, centrifuged at 8200xg for 30 seconds and the 

supernatant was transferred to fresh tubes containing 10 g 
of buffer for eluted immunoprecipitated samples (Tris 0,5 M, 
HCl to pH 7,4, NaCl 1,5 M, H2O).  

Immunoprecipitation of acetylated proteins  
2x106 K562 cells were lysed with 100 L RIPA buffer with 
proteases ((NaCl 150 mM, Tris (Fisher BioreagentsTM) pH 7.4 
50 mM, Sodium deoxycholate 0.25 % (w/v), IGEPAL-630 
1%(v/v), Aprotin 1 µg/ml, Leupeptin 1 µg/ml, Peptostatin A  
1 µg/ml, NaF 1 mM, Na3VO4 1 mM, PMSF 100 mM, H2O)) and 

the whole cell lysate was prepared as outlined before in Cell 
lysis section. A Bradford assay was performed to determine 
protein concentration and protein was diluted in TBS to a 

final volume of 1,1mL at a concentration of 1 g/L. 
The Protein A/G agarose beads (Santa Cruz Biotechnologies) 

were vortexed in a Vortex-2 Genie and 50 L of the beads 

slurry were removed from the stock and washed with 300 L 
of TBS. The mixture was then centrifuged at 1000xg for 5 min 
at 4°C, the supernatant was removed and the wash was 

repeated twice. 1,1 mL of sample was added to the 50 L of 
the pre-washed beads slurry and incubated in end-over-end 
rotation using a rotator SB2 for 30 minutes at 4°C to pre-
clear the sample of unspecific binding to the beads. After 

pre-clearing, a 50 L sample, which represents the lysate 
before binding had occurred, was stored for analysis by SDS-
PAGE. Anti-acetyl-lysine antibody 9441 from Cell Signaling 
Technology was added to the pre-cleared lysate in a 

concentration of 1 L/100 g of protein and incubated 
overnight at 4°C in end-over-end rotation to form 
immunocomplexes that were later precipitated by adding 50 

L of protein A/G agarose beads for 3 hours at 4°C in end-
over-end rotation. The mixture was centrifuged at 1000xg 
for 5 minutes at 4°C. The supernatant, which represents the 
post bind sample was removed and stored for analysis by 
SDS-PAGE. The beads were washed for four times with 1 mL 
RIPA buffer using the centrifugation settings described 
above. After the final wash the beads were resuspended in 

50 L of sample buffer, vortexed and centrifuged for 1 
minute. The mixture was boiled at 95°C for 10 minutes and 
then centrifuged at 1000xg for 5 minutes at 4°C. All of the 
volume, except from the beads, was loaded into a SDS-PAGE 
gel. 

Mass spectrometry (MS) 
10x106 K562 were transfected with 5 g of plasmid DNA 
p3xFLAG-CypAWT or p3XFLAG-CMV-10 and incubated for 
48h. After immunoprecipitation, MS samples were eluted 
with Glycine solution (Glycine 0,1 M, HCl to pH 3,5, H2O) for 

elution and transfer for a new tube containing 10 g of 
buffer for eluted immunoprecipitated samples. 
Trichloroacetic Acid (TCA) Precipitation of proteins  
Proteins on the immunoprecipated samples were 
precipitated with TCA. 1 volume of TCA was added to 4 
volumes of protein sample and the samples were incubated 
for 10 minutes at 4°C and then centrifuged at 15600xg for 5 
minutes in a Centrifuge 5417R. Supernatant was removed 
and pellet was washed two times with 200µL of cold acetone 
with same centrifuged settings as before. The pellet was 
then dried at 95°C for 10 minutes. When dried the pellet was 
carefully resuspended in 50µL of Urea buffer for MS (Urea 
6M; Ammonium bicarbonate (ABC) 50mM; H2O). 
Trypsin digestion 
After performing a Bradford assay the volume equivalent to 
50µg of protein was taken and Dithiothreitol (DTT) solution 
(100mM DTT; H2O) was added to a final concentration of 
5mM. The mixture was vortexed and incubated at 60°C for 
30 minutes and then briefly centrifuged at 400xg for 1 
minute at 4 °C. Iodoacetemide solution (200mM 
iodacetemide; H2O) was added in a 1/20 proportion to 
mixture volume, the final solution was vortexed and 
incubate in the dark room at room temperature for 30 
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minutes. A solution of 50mM of Ammonium bicarbonate 
(ABC) (50mM ABC; H2O) was added until the final 
concentration of urea was 2M. Trypsin is added in a 
concentration 1:50 (weight/weight of protein), final mix was 
vortexed and incubated at 37 °C overnight on a thermomixer 
at 350 rpm. The trypsin digestion was stopped by adding 1 % 
(v/v) acetic acid. Samples were dehydrated in vacuum at 45 
°C in an Eppendorf Concentrator 5301 speed vacuum 
(Eppendorf).   
ZIPTIP Protocol 
Sample preparation: Samples were resuspended in 20µL of 
sample preparation buffer (Trifluoroacetic acid (TFA) 0.5% 
(v/v); H2O) and then centrifuged at 10000rpm for 5 min. 
Equilibration: To equilibrate the Micro-C18 ZIPTIPs 10µL of 
wetting solution (Acetonitrile 50% (v/v); H2O) were aspirated 
into the tip and this procedure was repeated twice, then 
10µL of equilibration solution (TFA 0,1 %; H2O)  were aspirate 
to the tip and the procedure was again repeated twice.  
Bind proteins and wash: The samples were aspirate and 
dispense of the tip with 7 cycles of repetition followed by the 
aspiration and dispense to waste of the washing solution 

(TFA 0.1%; H2O) with this last procedure being repeated 

twice. 
Elution: For the elution of the protein 2µL of elution solution 
(Acetonitrile 50%(v/v); H2O) were placed in a clean vial and 
the solution was aspirate and dispense through the zip tip 3 
times without introducing air. 
Steps 2,3 and 4 were repeated 3 times for each sample using 
the same zip tip. Samples were stored at 20°C in a MS vial. 
Apart from the Urea buffer, the trypsin and the acetic acid 
all the reagents for mass spectroscopy were kindly provide 
by Professor Kieran Wynne and Professor Ken Dawson group 
from UCD Conway Institute of biomolecular and biomedical 
research. 

MS was carried out by Dr David Gómez Matallhas (System 
Biology Ireland, Conway Institute, University College Dublin, 
Belfield, Dublin 4, Ireland). Samples were analysed by 
Thermo Scientific Q-Exactive mass spectrometer connected 
to an Ultimate Ultra3000 chromatography system 
incorporating an auto-sampler. The mass spectrometer was 
operated in positive ion mode with a capillary temperature 
of 220°C, with a potential of 2000 V applied to the column. 
The data was acquired with the mass spectrometer 
operating in automatic data dependent switching mode that 
selected the 12 most intense ions prior to MS/MS analysis. 
Results were analysed in MaxQuant using the Label Free 
Quantifcation (LFQ) method and the program was directed 
to specifically identify lysine acetylated residues, oxidated 
residues and N-terminal acetylate residues. Quantification 
was repeated twice. 

Results  

Cyclophilin A presents a modified form in optimized 
conditions 
In this study, CypA mobility was investigated by SDS-PAGE 
during the cell cycle and in response to oxidative stress. To 
investigate the possibility of CypA undergoes PTM at a 
particular stage of the cell cycle, K562 cells were 
synchronised at G0/G1 boundary using a serum starvation 
approach for 24h and 48h (samples 2 and 3 respectively) or 
G2/M (Sample 4) using Nocodazole. Nocodazole was washed 
and cells were allowed to proceed through mitosis and 
harvested hourly (Samples 5 to 7). Cells were also expose to 

oxidative stress condition by treatment with 100 and 200 M 

of H2O2. An asynchronous sample was included as a control. 

 

Figure 1:  : A-Detection of a modified form of CypA, but not CypB, in K562 cell lysates. K562 cells (~2x106) were asynchronous (1) or enriched at 

different stages of the cell cycle by culturing in serum free media for 24h (2), treatment with 0,16M concentration Nocodazole for 16 hrs (4), washed and allowed 
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to proceed through the cell cycle for 0, 1 or 2 hours (5, 6 and 7 respectively) or treated with H202 at 100 and 200 M for 16 hours (8 and 9 respectively).  Cells were 
lysed with RIPA buffer complete and 50µg of protein loaded in each well and resolved on a 20 % gel on a Dual Mini Slab gel system. Conditions were constant 90 
V until the dye front passed the stacking gel; constant 150 V until the dye front passed the running gel and 200 V after until the 15 kDa band reached the bottom. 
Gel was transferred to PVDF membrane at 110 V for 70 min. The membrane was blocked in 5 % (w/v) BSA blocking solution and probed with anti-GAPDH mouse 
monoclonal antibody at a 1:3000 dilution, anti-CypA rabbit monoclonal antibody at a 1:500. The membrane was then probed with species specific HRP-linked 
secondary antibody at a 1:2000 dilution. ECL luminescence was used to image membrane in the dark. Results are representative of more than three independent 
experiments. B- Flow cytometry results. K562 cells (~2x106) were asynchronous (1) or enriched at different stages of the cell cycle by culturing in serum free media 

for 24h (2) and 48h (3), treatment with 0,16M concentration Nocodazole for 16 hrs (4), washed and allowed to proceed through the cell cycle for 0, 1 or 2 hours 

(5, 6 and 7 respectively) or treated with H202 at 100 and 200 M for 16 hours (8 and 9 respectively). Lysates were placed in 1 mL of 70 % ethanol at 4°C. Cells were 
centrifuged the next day at 1500xg for 5 min and re-suspended in 200 μL of PBS and 7,5μL of ribonuclease A (10 mg/mL in H2O) and 15μL of propidium iodide (1 
mg/ mL in PBS) were added). Samples were then incubated at 37 °C for 30 min previously the flow cytometry was preformed using a B.D. AccuriTM C6 Flow 
cytometer. Results presented are the average of 2 independent experiments. C- Ratio of Intensity high mobility band/slow mobility band. Intensities were 
measured with ImageJ software. Error bars represent the standard error of the mean of two independent experiment.

Results, represented in Figure 1-B, demonstrate enrichment 
of cells at the various cell cycle stages, relative to the 
asynchronous cell population used as control (sample 1) 
which, consists of cells dispersed throughout the cell cycle, 
but with the majority of cells in S phase. An increase in cells 
in the G1 phase (samples 2 and 3) was detected relative to 
the control following serum withdrawal. Specifically, the 
unsynchronised control has 23,34 % of the cells in G1 phase 
whereas samples 2 and 3 present 29,34 and 30,82 % of their 
cells in G1 phase respectively. A notable difference was not 
detected between samples 2 and 3 which represent serum 
starvation for 24 or 48 h respectively, therefore the 24 h 
amino acid starvation was the chosen procedure for future 
experiments. Treatment of cells with Nocodazole induced a 
significant enrichment of cells in G2/M, which increased from 
23,26 % to 67,78 %. Cells were washed to remove 
Nocodazole and allowed to proceed through mitosis and 
eventually exit mitosis into G1 (samples 5, 6, 7). Consistent 
with this, cell cycle analysis demonstrates a reduction of cells 
in G2/M with a concomitant increase in G1. Induction of 
oxidative stress in cells by treatment with H2O2 led to 
accumulation of cells in S phase as expected (Samples 8 and 
9). Overall, this data demonstrates the enrichment of cells at 
various stages of the cell cycle. 
Protein mobility was investigated under various running 
conditions including 15 % and 20 % SDS-PAGE gels and 
running conditions that varied from 80 V to 200 V to 
determine the optimal conditions for the detection of 
modified CypA. It was found that the use of a 20 % 
acrylamide gel in a Dual Mini Slab gel system running at 
constant 90 V until dye front reached the running gel, 
constant 150 V until the dye reached the end of the running 
gel and constant 200 V until the 15 kDa band reached the 
bottom, following by Western blot to detect CypA, made it 
possible to distinguish two bands of CypA, as represented in 
Figure 1-A, corresponding to different forms of the protein, 
one modified and one not. In contrast, when blots were 
probed with Cyclophilin B antibody only a single band was 
visible at the predicted size of 21 kDa. Finally, GAPDH was 
examined to confirm equal protein loading.  
All conditions analysed present a CypA doublet and the 
relative intensity of this doublet was analysed by Image J 
densitometry software and results in Figure 1-C reveal the 
ratio of the intensity of high mobility band and slow mobility 
band. This densitometry analysis reveals that greatest ratio 
was detected in cells enriched for G2/M and following 1 hour 
release from Nocodazole. 

 
 

CypA analysis by mass spectrometry  
To investigate the possibility that the high mobility shift 
detected on CypA by SDS-PAGE is due to acetylation a 
combined biochemical and proteomic approach was 
adopted whereby tagged CypA was overexpressed and 
immunoprecipitated from K562 cells, subjected to trypsin 
digestion and the peptides produced were analysed MS 
following by bioinformatics analysis.  

K562 cells were transfected with 5 g of p3xFLAG-CypA, or 
p3XFLAG-CMV-10 as a control, and transfected cells were 
incubated for 48h at 37 oC in growth media. Furthermore, to 
assure optimal conditions for acetylation, transfected cells 

were treated with 0,16 M Nocodazole for 16h and exposed 
to trichostatin A (TSA), an HDAC inhibitor produced by 

Steptomyces [23], at a concentration of 0,5 M for 12 hours 
to prevent deacetylation of acetylated residues.  Thus, CypA 
overexpressing G2/M cells exposed to TSA were lysed, and 
CypA was immunoprecipitated with ANTI-FLAG® M2 Affinity 
Gel. 
MS analysis was carried out on three independent biological 
replicates, and each sample was analysed three times as a 
technical replicate. Results from MS were analysed in 
MaxQuant, to reveal acetylated proteins, however, CypA 
was not identified in an acetylated form. To investigate this 
further, the identified sequence of CypA was analysed and it 
was found that the peptides identified by MS represent only 
18,3 % of the full length protein sequence.  Furthermore, 
potential sites for CypA acetylation were identified using 
software Phosida (http://phosida.com), a PTMs database, 
and Uniprot (http://uniprot.org). Five of the fourteen lysines 
within CypA were identified as possible sites for acetylation; 
K28, K44, K82, K125 and K131, as they have been found to 
be acetylated previously in large scale high-resolution mass 
spectrometric data. Importantly, two of the 5 putative 
acetylation site , K82 and K125, have been confirmed by 
others as acetylation sites in experiments specifically 
targeting CypA [24]. As evident in Figure 2-A, only lysine K44 
was included in the peptides detected by MS, thus the other 
four residues were excluded from the analysis in this 
experiment, two of which are strongly predicted to be 
acetylated. It was important to confirm if trypsin cleavage of 
CypA produces fragments suitable for MS detection using 
PeptideCutter (http://web.expasy.org/peptide_cutter/), an 
online tool. Interestingly positions 144 and 148 within CypA 
are cutting sites for this enzyme, however the existence of a 
peptide detected by mass spectrometry between the 
positions 133 and 151, suggests incomplete protein 
digestion.  
 

http://web.expasy.org/peptide_cutter/
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Figure 2: Mass Spectrometry results. A- CypA sequence [25]. Peptides of CypA identified by mass spectroscopy are highlighted in blue including K44, which 
was not acetylated. Lysine residues predicted to be acetylated by combination of data from PHOSIDA (http://phosida.com) and Uniprot (http://uniprot.org) are 
highlighted in green and the predicted residues that are confirmed to be acetylated in specific experiments targeting CypA [24] are highlighted in red.  B- Molecular 
functions of CypA interactors. PANTHER Classification (http://panterdb.org/) was the tool to analyse the data. A total of 23 proteins were analysed. 

The second aim of the MS analysis is to identify putative 
CypA interacting proteins and/or substrates that may 
provide insight into its function during cytokinesis. In this 
study, the analysis was based on the ratio of the label-free 
quantification intensity between FLAG-CypA and FLAG-E 
(empty vector), and a student t-test was carried out to 
determine statistical significance between samples.  
Proteins were considered to be a specific CypA-interacting 
protein when they displayed a ratio of 2 or greater and a p-
value equal to or less than 0,05. 
A total of 23 proteins were found to be CypA-interacting 
proteins: ACTG2, AHNAK, BOLA2, BTF3, COL1A1, DDX39B; 
DDX39A, HIST1H4A, HMGA1, HNRNPC, HNRNPF, HNRNPH1, 
HNRNPM, HNRNPU, LMNA, MATR3, PARP1, RALY, RAP1B; 
RAP1A, RPL18A, RUVBL1, TPM2; TPM3, TUBA1C; TUBA1B, 
XPO1. These proteins were compared to known interactors 
using STRING database for proteins interactions 
(https://string-db.org/). None of the proteins were found in 
the list of direct interactors on this database, which 
comprises 10 proteins. Furthermore, the 23 proteins were 
analysed using Protein Analysis through Evolutionary 
Relationships, PANTHER, Classification System 
(http://pantherdb.org/). PANTHER classification results are 
showed in Figure 2-B and it is possible to see that the 
molecular functions of the interactive proteins are divided 
between catalytic activity, binding, transporter activity and 
structural molecule activity.  

Detection of acetylation of CypA by 
immunoprecipitation techniques  
Since CypA acetylation couldn´t be proven by a proteomics 
approach, alternatives approaches of co-
immunoprecipitation and Western blotting were taken. 
Firstly, an approach based on the expression of exogenous 
protein with a tag was followed. Two tags were chosen, 
Green Fluorescent Protein (GFP), and a 3xFLAG tag. In this 
part of the study, K562 cells were transfected, as described 
in the Materials and Methods section, with pEGFP-CypAWT, 
p3xFLAG-CypAWT or pEGFP-C1 and p3XFLAG-CMV-10 as 
respectively controls and incubated for 48h at 37 oC in 
growth media. After transfection, cells were expose to 
160nM of Nocodazole for 16h, to allow cells to accumulate 

in mitosis, and to 1M of TSA to increase the amount of 
proteins acetylated. Immunoprecipitation of GFP and FLAG 

proteins was performed with GFP-Trap®_A beads and ANTI-
FLAG® M2 Affinity Gel respectively. Immunoprecipitations 
were successful and a depletion of GFP-CypA and FLAG-CypA 
proteins from the media occurred (data not showed), 
however when probed with anti-acetyl-lysine antibody it 
wasn’t possible to identify any band in any of the 
experiments.   
To overcome this problem another approach was taken in 
which all lysine acetylated proteins were 
immunoprecipitated. K562 cells were treated with 160nM of 

Nocodazole for 16 h and 1 M of TSA for 12 h as outlined in 
previously. A lysate and post bind samples were taken and 
the immunoprecipitated sample was divided in two and each 
was resolved by SDS-PAGE. In Figure 3-A acetylated proteins 
were detected in the cell lysate that was prepared (lane 1), 
as well as in post bind (lane 2) and in the IP sample (lane 3) 
this latest in lower intensity. Importantly, a single band of 18 
kDa was detected when blot was probed with anti-CypA, as 
shown in Figure 3-B. 

 

Figure 3: CypA is present in immunoprecipitated extracts of 
acetylated proteins. A- K562 Cells were expose to 1,6M of Nocodazole 

for 16h and to 0,5L/mL of TCA for 12h. All cell extracts were lysed with 
RIPA buffer complete. Protein was diluted with TBS buffer to a 

concentration of 1g/L. Samples were pre-cleared with A/G agarose beads 

and 50L were saved for lysate sample. Anti-acetyl-lysine antibody was 

added in a concentration of 1L/100g of sample and left overnight, 40L 
of A/G agarose beads were added and incubated for 3h. Once 
immunoprecipitation was complete, supernatant was saved as a Post-Bind 
sample A/G agarose beads were resuspended in SDS sample buffer. Equal 

amounts of lysate and post bind were loaded in the gel (50g). Proteins 
were resolved on a 15% gel on a Dual Mini Slab gel system. Conditions were 
constant 90V until the dye front passed the stacking gel; constant 150V until 
the dye front passed the running gel and 200V after until the 15kDa band 

http://panterdb.org/
https://string-db.org/
http://pantherdb.org/
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reached the bottom. Gel was transferred to PVDF membrane at 110V for 70 
min. The membrane was divided (A and B) and both parts were blocked in 
5% (w/v) BSA blocking solution. A- Acetylated proteins were 
immunoprecipitated from the sample. Lysate, Post Bind and part of the 
immunoprecipitated extract are present in this part of the membrane. The 
membrane was probed with anti-acetyl-lysine rabbit monoclonal antibody 
at a 1:500 dilution. B-CypA was present in the Immunopreciptated sample. 
This part of the membrane, which presents the immunoprecipitated 
extract, was probed with anti-CypA rabbit monoclonal antibody at a 1:500 
dilution. Both parts of the membrane were probed with species specific 
Trueblot® HRP-linked secondary antibody at a 1:1000 dilution. ECL 
luminescence was used to image both membranes in the dark. Results are 
representative of two independent experiments. 

Discussion  

The first approach taken in this project was to optimize the 
conditions for identification of PTMs within CypA during the 
cell cycle, and following oxidative stress which has been 
previously shown to increase CypA acetylation [24]. Results, 
represented in Figure 1-A, showed two bands of CypA which 
correspond to different forms of the protein in the gel. The 
high mobility form is thought to correspond to the 
acetylated protein due to previous studies that revealed that 
acetylation increase the mobility [26]. Results reveal the 
existence of the modified CypA during all stages of the cell 
cycle examined and following oxidative stress whereas, in 
contrast, the mobility of the related family member 
Cyclophilin B (CypB) remained unchanged during the cell 
cycle, suggesting that it does not undergo detectable PTMs 
using this method. The finding of a CypA doublet in all stages 
of the cell cycle examined is not surprising because while the 
serum starvation and Nocodazole treatment increased the 
proportion of cells in G1 and G2/M respectively, it did not 
synchronise the full population to these cell cycle stages, as 
showed in Figure 1-B. Further analysis of the results was 
performed with Image J software and results reveal the ratio 
of the intensity of high mobility band and slow mobility 
band. Oxidative stress induced by H2O2 increased in intensity 
of higher mobility band compared to control, which is 
consistent with previous data demonstrating CypA 
acetylation following oxidative stress [24]. Densitometry 
analysis also reveals that greatest ratio of modification was 
detected in cells enriched for G2/M and following 1 hour 
release from Nocodazole when the majority of cells are in 
cytokinesis (as shown in [4] and by Mc Gee lab unpublished 
data). Thus, based on this collective data, it can be 
postulated that CypA localisation to distinct structures 
during mitosis and cytokinesis may be regulated by PTMs, 
and these PTMs are lost when cells exit cytokinesis. 
A combined biochemical and proteomic approach was 
adopted to prove that CypA was acetylated. Tagged CypA 
was overexpressed and immunoprecipitated from K562 
cells, subjected to trypsin digestion and the peptides 
produced were analysed by MS following by bioinformatics 
analysis. The analysis is based on mass-to-charge ratio (m/z) 
of peptides derived from proteins, therefore represents a 
general method to identified modification that changes the 
molecular weight of these peptides, while also providing 
information regarding the site of the protein were the PTM 
occurs [27]. In this study CypA was not detected among 
acetylated proteins detected by MS and this may be 
explained by a number of reasons. The inability to detect low 

abundance PTMs by MS is not uncommon due to the fact 
that the exact modified peptide must be detected and this 
can be difficult since all the peptides are not equally 
detected and depend on factors such as the peptide 
abundance and its proton affinity which is a function of its 
sequence and modifications [28]. To investigate if any of 
these factors contributed to the MS data obtained, the 
identified sequence of CypA was obtain from MaxQuant and 
compared with the output results from Uniprot. Collective 
data analysis from Phosida and Uniprot, reveal that five 
lysine residues were identified as putative sites for 
acetylation. As evident in Figure 2-A, only lysine K44 was 
included in the peptides detected by MS, thus the remaining 
four residues were excluded from the analysis in this 
experiment, two of which are strongly predicted to be 
acetylated having been confirmed in more specific 
experiments that targeted CypA [24].  The low coverage of 
the protein sequence could be a result of several factors, by 
analyse of the trypsin predicted fragments in PeptideCutter 
tool it was showed that an incomplete digestion occurred by 
the existence of a peptide detected by MS between the 
positions 133 and 151 when positions 144 and 148 within 
CypA are cutting sites for this enzyme. Protein cleavage 
could be improved with the use of a second protease [29] or 
adding Ca2+ to the sample to prevent the autolysis of trypsin 
[30]. Additionally, another suggestion to increase protein 
coverage would be increase the amount of peptides 
available for analysis by using a C18 StageTip instead of 
micro-C18 StageTip used in this project, since it has a higher 

binding capacity in optimal conditions, 5 g instead of 2 g.  
In addition to possible identification of CypA PTMs, another 
advantage of this MS approach is the ability to identify 
putative CypA-interacting proteins and/or substrates that 
may provide insight into its function during cytokinesis. A 
total of 23 proteins were found to interact with CypA during 
mitosis. Notably, CypA was found to interact with 5 different 
heterogeneous nuclear ribonucleoproteins, namely 
hnRNPC, hnRNPU, hnRNPM, hnRNPF and hnRNPH1, 
although none if this had been previously described as a 
CypA interactor, previous reports have shown that CypA 
interacts with hnRNPA2 in a CXCR4 mediated nuclear export 
of hnRNPA2 target by CypA phosphorylation [8]. 
Furthermore, a study investigating  the localisation of 
heterogeneous nuclear ribonucleoproteins revealed that at 
mitosis they are localised to the chromosomes and spindle 
poles and they are also concentrated in the midbody at 
cytokinesis [31], thereby having a similar localisation pattern 
to that  described for CypA. Additionally, hnRNPU has also 
been reported to interact with Centromere protein W, a 
centrosome protein, and it is thought to contribute to 
kinetochore-microtubule attachment in mitotic cells [32]. 
Other proteins identified as CypA interactors have been 
found to localised to the centrosome and/or the midbody 
include DDX39 [33], Tropomyosin [34], PARP-1 [35] and 
Tubulin [36]. 
Furthermore, analysis of the 23 proteins using PANTHER 
revealed that putative interactive proteins have function in 
catalytic activity, binding and transporter activity, which is 
consistent with known  Cyclophilin family function in protein 
folding and trafficking (reviewed in [2]). Additionally 
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functions of structure molecule activity have been identified 
which is consistent with previous reports indicating that 
CypA may influence microtubule dynamics [37] 
Thus, this study has identified a number of potential CypA 
interacting proteins by MS however, a further study to 
validate these results will have to be performed, which is 
beyond the scope of this research project. This validation 
should be performed by co-immunoprecipitation following 
by SDS-PAGE and Western blotting using commercially 
available antibodies that will specifically detect the putative 
interactors. Overall this will provide new important insight 
into CypA function during the cell cycle.  
To overcome challenges in the detection of CypA acetylation 
by MS, an alternative approach of co-immunoprecipitation 
and Western blotting was used. GFP-tagged and FLAG-
tagged full length CypA constructs were expressed and 
immunoprecipitated from cells in mitosis and examined for 
acetyl lysine binding. However, CypA was not detected in the 
immunoprecipitation experiments using GFP or FLAG tagged 
CypA. Possible explanations include the presence of a tag on 
CypA may alter CypA structure and subcellular targeting, 
which in turn could influence binding to KATs and the overall 
extent of acetylation, as previously described for other 
proteins such as EB1 in which it has been showed that GFP 
tag interferes with this protein localisation and ability to bind 
to microtubules  [38], [39]. However, in order to draw 
conclusions, the experimental strategy would have 
benefited from a positive control for the acetyl lysine 
antibody, whereby they would be tested for their ability to 
detect acetyl lysine of a known acetylated protein such as 
histone [40]. Unfortunately a suitable antibody was not 
available in the lab. 
Alternatively, total lysine acetylated proteins were 
immunoprecipitated from cells and examined for CypA 
binding. CypA was found to co-immunoprecipitate in the 
total acetylated lysine pulldown, suggesting that it is indeed 
acetylated. The inclusion of a control experiment that 
includes a non-specific IgG will be important to validate 
these preliminary findings. 
Previous studies on CypA acetylation have described 
acetylation as an inhibitor of CypA function in in vitro studies 
[41] and as a stimulating of its secretion [24] in rat vascular 
muscle smooth cells, although the functional significance of 
acetylation is likely to differ depending on how it structurally 
alters the proteins, or triggers additional PTMs. Also, 
functional significance may be cell type specific as well as cell 
cycle dependent.   
Studies of acetylation cancer cells have increased 
significantly in recent years with the discovery that many 
non-histone proteins targeted by acetylation are products of 
oncogenes or tumour suppressor genes and are directly 
involved in tumorigenesis, tumour progression and 
metastasis [42]. In light of these new findings, new therapies 
based in HDAC or KAT inhibitors have been developed [43], 
[44]. Some in advance stages of clinical trials or already 
approved for treatment [45],[46].  
In conclusion, this study has revealed acetylation as a PTM 
within CypA during mitosis that may control its localisation 
and thus function during the cell cycle. Moreover, novel 
putative CypA-interacting proteins have been identified. 

Future work to decipher the precise location of CypA acetyl 
groups and determine a role for acetylation in the regulation 
of CypA localisation and function, together with validation of 
novel interacting proteins identified will greatly improve our 
understanding of CypA function in cancer cells and reveal 
novel therapeutic approaches.  
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