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Protein-SH-Groups, Tumors, Doubling Time

The number of SH-groups of the soluble proteins (Prot-SH) of 12 different types of animal 
tumors and of cultivated chicken fibroblasts increases with decreasing doubling time (id) ■ Between 
Prot-SH and id an inverse association was found with a significance level of 99.5%.

After 30 min incubation in vitro, 4-hydroxypentenal (HPE) reacts with different amounts of the 
Prot-SH of the investigated cells and tissues. It was found that the absolute, as well as the per­
cental amounts of HPE-reactive Prot-SH increase with decreasing fd > each of the respective inverse 
associations was found to be highly significant. The tumors were collected in three groups, each 
with a corresponding range of td and a mean value for Prot-SH. Taking the Prot-SH of the slowest 
growing tissue (DENA-hepatoma) as the reference value, the increments of Prot-SH were cal­
culated for each of the three groups and were found to be strikingly similar to the number of 
HPE-reactive Prot-SH. The single Prot-SH increments of the diverse cell and tissue types compared 
with DENA-hepatoma were found to be highly significantly and inversely associated with the 
respective Prot-SH decreases caused by HPE.

Hence it may be concluded that HPE reacts preferably with those of the Prot-SH which are of 
some functional importance for tumor growth and, moreover that the attack on those thiols is the 
more effective the faster the tumor is growing.

Introduction

Previous papers [1 ,2 ] dealt with the SH-content 
of soluble cell- and tissue proteins. Furthermore the 
question was investigated how many of these pro- 
tein-SH-groups of intact cells and of native tissue 
slices are reacting with 4-hydroxypentenal (HPE) 
in vitro. HPE is an a,/3-unsaturated-j'-hydroxy-alde- 
hyde. Reactive Prot-SH are easily and selectively 
added to the C2 =  C3 double bond of HPE under the 
conditions used (30 min incubation in 10~ 5 to 
10 - 3  m HPE solution at 37 °C) [3].

Furthermore it could be shown that under the 
conditions named above HPE does not react with 
all SH-groups of a given protein but attacks selec­
tively those of high reactivity including thiols of 
functional importance. For example, from a total 
of 9 SH-groups of glyceraldehydephosphatedehydro- 
genase only 3 — 4, from 15 thiols of aldolase only
1 react with HPE whereby complete loss of enzy­
matic activity was observed [3a].

Single cells in suspension and native tissue slices 
of various animal tumors were studied, as well as 
normal chicken-fibroblasts from a cell culture. The 
result was: with decreasing doubling time of the 
cells and tissues, the SH-content of the soluble pro­
teins and the number of HPE-reactive Prot-SH show 
an increase, respectively [4 —6 a]. The purpose of

the present paper was an extensive statistical analy­
sis of this result.

Material and Methods

Statistical analysis, description of the sample

The SH-content of soluble cell proteins, in terms 
of //m  SH/mg soluble protein (Prot-SH), has been 
obtained from cells of mice of the NMRI-strain and 
of rats of the W AG-Rij, Buffalo- and Sprague-Daw- 
ley-strains. Since the tumors used in the experiment 
can only be found in these strains, all the conclu­
sions drawn are valid only for these particular 
strains. The selection of the animals has been made 
independently of the characteristics of the variables 
under consideration. The sample is representative of 
the population mentioned above and can be con­
sidered as a random sample. The population 
sampled and the target population are therefore 
equivalent.

Data

The data for all the twelve different tumors (plus 
chicken-fibroblasts) at hand consist of the doubling 
time, the PSH-values after incubation in isotone 
NaCl solution at 37 °C for 30 min and the Prot-SH 
loss after incubation in isotone NaCl solution for
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30 min which contained 5 X 1 0 - 3  M HPE (see 
Table I, columns 9, 2 and 5 resp .).

The incubated cells and tissue slices resp. were 
homogenized under nitrogen, insoluble components 
were removed by centrifugation and the supernatant 
was separated on Sephadex G 25 into a high and a 
low molecular fraction. In the high molecular frac­
tion the protein concentration was determined by 
the biuret method and the thiol concentration with 
5,5,-dithio-bis-(2-nitro-benzoic acid) (DTNB). For 
further details see Rindler et al. [1 ], Schauenstein 
et al. [2 ], Schindler [4]. The results were well re­
producible under the conditions used. The doubling 
times were obtained partly from Schindler [4 ], 
partly from Morris *, Goerttler *, and Dostal *. The 
doubling times are given as pragmatical values 
without deviations. The Prot-SH-values represent the 
mean values of three to eleven measurements, ob­
tained from diverse animals.

Statistical method

Since all the data are mean values, and the kind 
of distribution of the individual measurements is 
not known exactly, and also the standard deviations 
of the doubling time are known only in part, we 
have to use a nonparametric method. In order to 
establish an association between the doubling time 
and the SH-content of soluble proteins, we decided 
to use Kendall’s r-statistic [7, 8 ].

Results

Implementation of the tests

1. The hypothesis was tested:
H0: No association exists between the doubling 

time (days) and the Prot-SH-values; 
versus the alternative 

H1: an inverse association exists.

The doubling times and the SH-contents respectively 
were ranked as follows: Low SH-content and small 
doubling time correspond to low ranks, respectively. 
In Table I the ranks are listed in the usual manner 
for calculating Kendall’s r.

Therefrom T was calculated to —0.766 with a 
number of investigated samples n =  13. Assuming 
the validity of H0 , with n =  13 a probability P 
< 0 .0 0 5  was obtained for the test parameter T — 
— 0.766. Thus hypothesis H0 is to be rejected. That

* Personal communications.
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Fig. 1. Association between Prot-SH (PSH =  ttmol SH/mg Protein) and doubling time.
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means the inverse association between doubling time 
and Prot-SH is significant at least at a 99.5% level 
(Fig. 1).

2. The same procedure was applied to study the 
question as to whether there exists an association 
between Prot-SH after incubation with 0.9% NaCl 
(Table I, column 2) and the absolute loss of Prot- 
SH after incubation with HPE ( — JProt-SH , see 
Table I, column 5). The test parameter T =  0.538 
has a probability 0 .0 0 5 < P < 0.010. That means 
that a direct association exists between the SH- 
content and the number of HPE-reactive thiols of 
the soluble cell proteins. This result is significant at 
a level of at least 99%.

3. The results as mentioned above indicate: 
Faster dividing cells and growing tissues show 
greater Prot-SH-values than slower dividing cells 
and growing tissues. Taking the Prot-SH-value of 
the slowest DENA-hepatoma as reference, positive 
differences were found for all other cells and tis­
sues investigated here (Table I, column 4 ). Further­
more the faster dividing cells and growing tissues 
lose more Prot-SH after HPE-incubation than slower 
dividing cells and growing tissues. For the absolute 
and percental decreases of Prot-SH see Table I, 
column 5 and 7 resp.

An inverse association was found between the 
absolute number as well as the percental amount
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Fig. 2. Association between the percental loss of protein 
thiols after incubation with H PE and the doubling time.

Fig. 3. Classification of various types of cells and tissues 
according to their doubling time (<d) • The following ranges 
for the doubling time were chosen (in brackets the cor­
responding num bers of cell types and tissues) : 1.0 —3.5 days 
(4 ); 3.5 —5.5 days (4 ); 5.5 —7.5 days (4). For each group 
the mean Prot-SH values are shown together with the mean 
Prot-SH increments ( +  JP S H ) — taking the Prot-SH value 
of the slowest growing tissue (DENA-hepatoma) as the 
reference value — and the mean Prot-SH decreases 
( —/dPSH) caused by HPE

of HPE-reactive Prot-SH and the doubling time. 
The significance levels were found to be 99.5% for 
both cases (see Fig. 2 ).

4. As mentioned above, Prot-SH increments were 
found for all of the investigated cells and tissues 
when compared with the DENA-hepatoma. The 
question was now whether there exists an associa­

tion between these Prot-SH increments and the 
Prot-SH decrease, caused by the interaction with 
HPE. A direct association resulted at a level of at 
least 99.5%.

The single types of cells and tissues were clas­
sified into three groups according to their doubling 
time; for each group the mean values were cal­
culated for:

a) the Prot-SH-value,
b) the difference between the Prot-SH-value of the 

respective cells and the Prot-SH-value of the 
slowest growing tissue (DENA-hepatoma),

c) the absolute loss of Prot-SH induced by HPE.

Fig. 3 demonstrates that the data mentioned under
b) and c) are strikingly similar for each group.

5. It was shown above (2.) that the number of 
HPE-reactive Prot-SH increases with growing Prot- 
SH-value. If HPE could attack the same percentage 
of Prot-SH, this would be obvious. Therefore we 
want to test whether there is an association be­
tween loss of PSH in percent, caused by HPE, and 
Prot-SH-value. The result was a significant direct 
association of at least 95%.

Discussion

In the pertinent literature [9, 9a] we often find 
theories and hypotheses that certain SH-groups of 
specific cell proteins are involved with cell division. 
As far as we know, this paper proves for the first 
time that the inverse association between the SH- 
content of the soluble proteins and the doubling 
time of several rapidly growing tumors (id < 8  days) 
is highly significant. One possible interpretation of 
this result may be given by the findings of Apffel et 
al. [10], according to which the activity of a 
NADPH-dependent protein-disulfide reductase is 
consistently much higher in tumors than in normal 
tissues.

Further results concern the action mechanism of 
HPE. The biochemical and biological effects of HPE 
are caused solely by a reaction with various SH- 
groups [6, 11, 12]. By the action of HPE the total 
soluble proteins lose increasing numbers of SH- 
groups with increasing SH-content. Also the per­
centage of HPE-sensitive SH-groups increases with 
increasing total Prot-SH-value of the cell proteins.

Since the total SH-content of soluble cell pro­
teins increases with the growth rate, it was to be
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expected that faster dividing cells contain absolutely 
and relatively higher portions of HPE-reactive SH- 
groups in the soluble proteins. The corresponding 
associations were found to be significant at a 99.5% 
level for both cases.

After it has been proven that -the total Prot-SH 
value is associated with the doubling time, this 
must hold also for the Prot-SH-increase, taking the 
Prot-SH-value of the slowest growing tissue (DENA- 
hepatoma) as the reference value (see Fig. 3 ).

Hence it may be concluded that these additional 
Prot-SH are of some functional importance for the 
growth rate.

With significance of 99.5%, the /<mol of HPE- 
sensitive Prot-SH are inversely associated with the 
doubling time and, moreover, are strikingly re­
sembling the /imol of additional Prot-SH mentioned 
above. This suggests that HPE preferably attacks 
those protein thiols being of functional importance 
for the cell division and that the attack is the more 
effective the higher the division rate is.

Most probably the findings discussed in this 
paper are not only restricted to tumor cells but may 
be of general validity as indicated by the results 
with cultivated normal chicken fibroblasts.

Possibly it may be argued that the associations 
found in this paper might be the so-called “non- 
sense-associations” . Therefore it seems to be neces­
sary to point out:
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