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Abstract 
The thiol components of the nonhistone proteins prepared from isolated 
nuclei from rat liver, regenerating liver and hepatoma 223 cells have been 
investigated after reaction with radio labelled N-ethylmaleimide and 
5-5’-dithiobis-(2-nitrobenzoic acid) (DTNB). The labelled adducts formed 
were examined by isoelectric focusing analysis in polyacrylamide gel and the 
distribution of the radiolabels within sliced portions of the gels determined. 
In the case of the 14C labelled NEM adduct the label was found to be spread 
amongst numerous protein components within the gel however, in the case of 
the 35S labelled DTNB adducts, only a small proportion of the label was found 
in the protein material which was retained in the acidic isoelectric point (pI) 
region of the gel. The bulk of the 35S labelled adduct (56% - 60%) was found 
to have migrated into the anode solution (10 mM phosphoric acid). This 
could be adsorbed onto a hydrophobic resin (XAD2) resin and eluted with 
methanol. Gel filtration chromatographic analysis of this adduct material on 
BioGel P2, (exclusion limit 1500 daltons) showed low molecular weight 
components to be present. Slightly different patterns were obtained for these 
nuclei, each containing several 35S components with molecular weights 
greater than the Ellman reagent itself. These 35S labelled thiol components did 
not contain any protein, peptide or amino acid components indicating 
strongly that a novel species of thiols could be present in these nuclei bound 
within the non-histone protein matrices. 
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1. Introduction 

Thiol compounds play vital roles in general cell metabolism and in the main-
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tenance of thiol-redox homeostasis, controlling cellular redox levels and com-
bating oxidative stress. However, it has been known for nearly a century that 
they also have an important role in the control of cell division as demonstrated 
by the inhibition of division after the blocking of the cellular thiol groups with 
reagents such as mercuric chloride in synchronized dividing echinoderm eggs 
(sea urchin) [1], in amphibian eggs [2] and other species [3]. This blocking 
could have been, in part, due to the inhibition of respiration but could also be 
due to interference in the formation of the mitotic spindle via the thiol groups 
present in nuclear protein/chromatin mass. 

Since then much published work has appeared on the role of thiols in cancer 
cell metabolism. This has clearly established that cellular thiols also play vital 
roles in radio sensitization and chemotherapeutic resistance of cancer cells. 
During the author’s early cancer research work it was noted that, in cancer cells 
being studied, unidentified thiols were present, knowledge of which might be of 
use to improve the treatment of cancer. In view of the earlier thiol work it 
seemed logical to assume that those thiols intimately involved with the genetic 
material would be important, particularly with regard to radiation therapy. In 
seeking to find and identify these important cellular constituents, studies were 
carried out on the thiols present in the nuclei of normal and cancer cells. 

During the initial work it was found that the bulk of the thiol containing 
components present in isolated nuclei could be extracted from the chromatin 
mass (DNA and histone) using the chaotropic agent, buffered 8 M urea [4]. In 
order to obtain satisfactory analyses of these proteins, it was necessary to block 
the thiol groups with a suitable reagent, such as N-ethylmaleimide (NEM), to 
prevent the possibility of the formation if disulphide artefacts. The analysis pat-
terns of 14C labelled NEM adducts on isoelectric focusing gels revealed that the 
label was widely spread out amongst the stained protein bands [5].  

In further studies another thiol blocking agent 35S-DTNB (Ellman reagent [6]) 
was employed which it was hoped would improve the separation by lowering the 
pI’s of the thiol containing proteins. However, analysis of these 35S labelled thiol 
adducts by isoelectric focusing in polyacrylamide gels gave some unexpected re-
sults which are reported here. 

2. Materials and Methods 

Only materials and chemicals of the highest AR quality were used. 
[2,3-14C]-NEM and 35S-labelled sodium sulphide were obtained from Amer-

sham (now GE Healthcare) SJ21. 
1) Preparation and extraction of nuclei 
Male Wistar SPF (Specific Pathogen Free) rats (250 - 350 grm) were used for 

the preparation of liver nuclei using a slightly modified method of Chaveau et al. 
[7] in which 10 mM Mg2+ was incorporated into the sucrose solutions. 

Nuclei were prepared from the livers of partially hepatectomized rats 24 hours 
after removal of two-thirds of the liver.  
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Rat Hepatoma 223 (a 4-dimethylaminobenzene-derived tumour) was main-
tained in an ascitic form in the intraperitoneal cavity of the rats, usually har-
vested about 7 days after the original transplant. Nuclei were prepared from cells 
by osmotic shock in hypotonic solution (5 mM Ca2+) followed by homogeniza-
tion in a tight gap all-glass homogenizer. Clean nuclei were obtained after cen-
trifugation at 40,000 g in 2.4 M sucrose [4]. 

The nuclei were extracted with 8 M urea 50 mM phosphate pH 7.6 at 10˚C 
containing a twofold excess of the thiol blocking reagent and after 15 mins the 
mixture was centrifuged at 3000 rpm to sediment the DNA-histone complex. 
The supernatant obtained was dialysed 2 - 3 times against 100 volumes on deio-
nized 8 M urea to remove excess of reagent, until no further change in the spe-
cific activity of the was observed (i.e. to constant specific activity). 

Procedure removes 70% of the total nuclear protein and 80% of the thiol 
present in isolated nuclei. 

2) Isoelectric focusing (IEF) in polyacrylamide gels 
This was carried out as previously described [5] in 5% polyacrylamide gels, 2% 

ampholine carrier ampholytes pH 3.5 - 10 (LKB Produkter AB Stockholm, Swe-
den) in the presence of 8 M urea (deionized), the sample being incorporated di-
rectly into the gel mixture prior to polymerization. 10 mM H3PO4 was used for 
the anode solution and 20 mM NaOH at the cathode. In these runs focusing was 
continued longer than the usual 5 hours, for 24 hours (at 15˚C). 

3) Chromatography of X-S-35S-TNB released into anode solution 
The anode solution (10 mM H3PO4) after isoelectric focusing of the nuclear 8 

M urea extracts of the nuclei were stirred for 1 hour at room temperature with 
Amberlite XAD2 resin. Three extractions each of 0.1 g XAD2/ml were sufficient 
to remove all the 35S material from solution. The beads were filtered off, washed 
with water and the labelled mixed disulphides removed with methanol. This was 
then evaporated to dryness in a rotary evaporator and the solid obtained dis-
solved in a 1:1 mixture of methanol and 10 mM phosphate pH 7.6. The 
pale-yellow solution obtained was chromatographed on a 30 × 2.5 cms column 
of Bio-Gel P2 (BioRad) at room temperature and eluted with 50 mM sodium 
phosphate pH 7.6; 5 ml fractions were collected. 

4) Radio-isotope measurements 
Polyacrylamide slices were solubilized in hydrogen peroxide and counted in a 

Multimat 8 scintillation counter (Intertechnique Ltd., Portslade, Sussex, UK) af-
ter dissolving in either Bray’s [8] or Triton X-100 scintillator cocktails; the dpm 
being computed from the data obtained from a set of quenched standards in 
these scintillation mixtures. 

5) Protein and amino acid analysis 
Protein contents were measured by the standard Folin Lowry method using 

bovine serum albumin as a standard.  
Full cysteine and other amino acid assays were carried on an ion exchange 

auto analyser by the Protein & Nucleic Acid chemistry facility of the Department 
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of Biochemistry at the University of Cambridge. 

3. Results and Discussion 

From the specific activities of the 35S and 14C labelled non-histone nuclear pro-
teins it was calculated that that the liver NHP proteins contained 68 - 75 nano-
moles of thiol per mg of protein and the Hepatoma NHP 70 - 80 nanomoles of 
thiol per mg of protein. Only about half of this thiol material can be detected in 
normal buffer extractions, the other half can only be measured in the presence of 
high concentrations of chaotropic agents such as urea and guanidinium hy-
drochloride [4] [9]. 

Isoelectric focusing on all the three types of nuclei gave essentially the same 
result examples of which are shown in Figure 1. 

In the case of the 14C-NEM labeled proteins all of the radiolabel remained 
within the gel after IEF. No radio label was found in either electrode solution. 
Over 85% of the applied 14C label was recovered in the gel slices. 

However, in the case of the 35S labelled protein adducts only a small amount of 
the 35S incorporated into the gel mixture prior to IEF was found to be retained in 
the acidic portion of the gel. It was found that, after isoelectric focusing of these 
M = 8M urea extracts, 56% - 65% of the 35S migrated to the anode solution (10 
mM phosphoric acid). 10% - 12% was retained in the gel slices and 0.3% - 0.5% 
was found the cathode solution (20 mM NaOH). 75% recovery of applied 35S 
dpm was achieved. 
 

 
Figure 1. Isoelectric focusing in 5% polyacrylamide gel of non-histone proteins extracted 
from rat liver nuclei with 8 M urea 50 mM phosphate. 
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[Later investigations (unpublished) revealed that some of the low molecular 
weight 14C-NEM adducts could be released from the protein in the 8 M urea ex-
tract by dialysis against a combination of EDTA and high salt concentrations.] 

The 35S adduct material found in the anode after IEF was found to be dialysa-
ble but it could be adsorbed onto XAD2 resin. 100% of the 35S adsorbed could be 
recovered from the resin by methanol extraction. Gel filtration chromatography 
on BioGel P2 revealed the presence of adducts of molecular weight of less than 
1500 (exclusion limit of this gel is 1500 daltons). Patterns obtained are shown in 
Figure 2.  

Comparison of the elution times of the TNB adducts of glutathione (GSH), 
reduced α-lipoic acid and DTNB itself indicated the unknowns to have molecu-
lar weights of 600 or more but less than 1500, as shown by the Blue Dextran or 
insulin markers which are excluded from the P2 gel. No GSH adducts were 
found in the anode solution. 

The P2 patterns from the different nuclei look similar but the component 
peaks are definitely different; as would be expected from the diffent nuclei stu-
died. Further analytical work is needed to establish the nature and importance of 
these low molecular weight thiols in the metabolism of cell nuclei. 
 

 
Figure 2. Gel filtration of 35S TNB adducts from anode solution on a 30 × 2 cms column 
of Bio-Gel P2 eluted with 50 mM phosphate buffer pH 7.6. 
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4. Conclusions 

Of the thiols present in three types of nuclei studied, normal and regenerating 
liver and hepatoma tumour cells, only a small percentage are associated with the 
cysteine residues of the non-histone proteins. It has been shown that the bulk of 
the 35S labelled thiol adducts present in the NHP are unknown as non-protein 
low molecular species. Although normally buried or strongly attached to these 
proteins they can be detached during IEF in polyacrylamide gel. They could have 
important roles in the control of cell division control and/or gene transcriptional 
activity. 

Knowledge of their composition and structure could aid the design of new, 
more effective, chemotherapeutic and radio sensitizing drugs for cancer treat-
ment. 
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Abbreviations 

NEM: N-ethylmaleimide 
DTNB: 5-5’-dithiobis-(2-nitrobenzoic acid) 
GSH: Glutathione 
TNB: 5-thio-2-nitro benzoic acid 
IEF: Isoelectric Focusing 
NHP: Non-Histone Protein 
pI: Isoelectric Point  

Supplementary Information 

Synthesis of 35S-labelled Ellman’s Reagent 
This was prepared by Ellman’s original method [5] using 35S-labelled sodium 

sulphide (Amersham (now GE Healthcare) SJ21) as shown below: - 
 

 
 

The labelled DTNB was recrystallized once from glacial acetic acid and shown 
to give essentially one spot/component on thin layer chromatography. 

For labelling of nuclear thiol proteins material of specific activity of 17.5 
mCi/mM was usually employed.  
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