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1. Introduction

According to many histological studies, transplan-
tation of the testis from scrotal sac to the abdominal
cavity (artificial cryptorchidism) is known to result in
disappearance of the differentiating germinal epithelial
cells from the seminiferous tubules [1-3], whereas
spermatogonia, Sertoli cells and Leydig cells seem to
be relatively unaffected [4,5]. The more mature
germinal cclls of the testis appear to be the most
susceptible to temperature elevation [4].

Incorporation of labeled amino acid into protein
of slices of cryptorchid rat testis was greater at 37°C
than at 34°C in contrast to declined protein labeling
in scrotal testis at 37°C [6]. However, the mechanism
by which a small elevation of temperature causes the
decline of protein synthesis by scrotal testis and the
elevation of protein synthesis by cryptorchid testis,
is poorly understood, although many studies have
been done to examine the mechanism by which body
temperature affects protein synthesis in the rat testis
{3,7,10]. Pactamycin is known to inhibit an initiation
phase of protein synthesis [8]. Here we report by use
of pactamycin, the influence of temperature elevation
on protein synthesis in a cell free system from rat
tegtis

2. Materials and methods

2.1. Animals

Sprague-Dawley rats were used for the experiments.
Thirty days before sacrifice, rats were made cryptor-
chid on one side by the method in [8]. After sacrific-
ing animals, testes were removed quickly, placed on
ice, decapsulated and weighed. Portions of testis
were gently teased off with fine forceps and the rest
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of the testis was lysed as in {9]. Lysate was centri-
fuged at 30 000 X g for 20 min at 1°C. The resultant

supernatant was loaded on Sephadex G-25 column

{1.6 X 22 c¢m) equilibrated with a buffer as given in
[9]. The first 2.5 ml effluent from void volume was
collected and used for experiments.

2.2. [3H] Amino acid incorpotation into protein

Lysate was incubated for various times at 34°C
and 37°C with [*H]phenylalanine or [*H}leucine
and other necessary components [10]. Small portions
of testis were also incubated for 60 min at 34°C and
37°Cin 3 ml of phosphate-buffered saline containing
10 mM glucose (pH 7 .4) with shaking at 80 osc./min,
Incorporation of [*H]amino acid into protein was
terminated by addition of 3 ml of 10% trichloroacetic
acid (TCA), then tissue homogenized with a glass—
glass homogenizer. Hot TCA-insoluble materials were
filtrated onto Millipore filter membrane and [3H]-
amino acid into protein was measured by the method
in [10}. Protein was determined by the method in
[11] with bovine serum albumin as standard.
2.3. Preparation of round spermatids

Round spermatids (stage 1-—-8) were isolated by
the method in {10]. Lysate of spermatids was prepared
and incubated with [*H]phenylalanine and other
necessary components with or without pactamycin
asin [7,10].

2.4. Preparation of ‘ribosomes’ and high speed super-
natant
Lysate from whole tissue was further fractionated

by centrifugation at 180 000 X g for 3 hat 1°C. The
resultant precipitation and the supernatant are
designated as the ribosome fraction and the high
speed supernatant, respectively. Then ribosomes were
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resuspended as in [12]. The 2 components, ribosomes
and high-speed supernatant were incubated at 34°C
and 37°C for 5 min separately [12] and the 2 were
mixed prior to measurement of protein at 34°C for
60 min. Incorporation of [*H]phenylalanine into pro-
tein was measured as mentioned above,

Pactamycin was a kind gift of Upjohn Co.
(Kalamazoo, MI) and other sources of various chemi-
cals have been reported in [10].

2.5. Preparation for microscopy

Intact scrotal and cryptorchid testes were fixed
and prepared for both light and electron microscopy
asin [14].

3. Results

Cryptorchid rat testis was examined under electron
microscopy and revealed to consist of spermatogonia,
Sertoli cells and Leydig cells as in [13]. For 30 days
following fixation of the abdominal transplantation
of the adult testis on the right, the weight of testis
decreased remarkably (0.300+ 0.016 g; mean + SE
from 5 animals), compared to that of the scrotal
testis (1.407 + 0.068 g). Table 1 indicates the incorpo-
ration of [*H]phenylalanine into protein of whole
tissue or lysate from cryptorchid and scrotal testis
invitro at 34°Cand 37°C. Incorporation of [*H]amino
acid into protein of cryptorchid testis was greater at
37°C than at 34°C in both whole tissue and lysate,
whereas scrotal testis incorporated less [°H]phenyl-
alanine into protein at 37°C than at 34°C. The results
from whole tissue are in agreement with [6,15].In a
cell free system, incorporation of [*H]amino acid
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into protein of cryptorchid testis was also greater at
37°C than at 34°C. On the contrary, lysate of scrotal
testis incorporated less [*H]amino acid into protein
at 34°C. Fig.1 shows the time course for incorporation

b
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Fig.1. [ *H]Leucine incorporation into protein by a lysate
from scrotal and cryptorchid rat testis. Lysates were incubated
at 34°C and 37°C for various times shown with 5 pCi
[*H]leucine (0.09 nmol/flask). Incubation was terminated by
addition of equal volume of 10% TCA and [*H]leucine
incorporation was measured by TCA precipitation [10].

(A) Scrotal testis. Cryptorchid testis. Open symbols, 34°C;
closed symbols, 37°C; circles, no addition; squares, pacta-
mycin (5§ X 107° M); triangles, pactamycin (5 X 107° M) +
cycloheximide (3 mM).

Table 1
[*H]phenylalanine incorporation into protein of rat testis

Testis [*H]phenylalanine incorporated
{dpm X 107%/mg protein)
34°C 37°C
Whole tissue Scrotal 399:0.21(3) 3.30 £ 0.21
Cryptorchid 7.16 £ 0.49(3) 8.80 + 0.26
Lysate Scrotal 3.64 3.22
Cryptorchid 2.37 2.97

Whole tissue and lysate were incubated with [ *H]phenylalanine (5 uCi; 0.1 nmol/
flask). Number of experiments is shown in parenthesis. Values in whole tissue are

the means = SE
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of [*H]leucine into protein in a lysate from cryptor-
chid and scrotal testis in the presence or absence of
pactamycin (5 X 107® M) with or without cyclohex-
imide (3 mM). As shown in fig.1A, more [*H]leucine
was incorporated into protein of lysate from scrotal
testis at 34°C than at 37°C at all the times examined.
It was also true that lysate from cryptorchid testis
was labeled more with [*H}amino acid at 37°C than
at 34°C (fig.1B). In the presence of pactamycin, pro-
tein synthesis was greater at 37°C in cryptorchid
testis than at 34°C, whereas it was less at 37°C in
scrotal testis than at 34°C.

As shown in fig.2, it was found that in a lysate of
spermatids labeling of protein with [*H]phenylalanine
was greater at 34°C than at 37°C as in [7] and that in
the presence of pactamycin [*H]amino acid incorpo-
ration was greater at 34°C than at 37°C. Cycloheximide

(3 mM) completely inhibited protein synthesis (fig.1,2).

When lysate from whole tissue was further frac-
tionated, and the resultant precipitation, designated
asribosomes and high speed supernatant preincubated
for 5 min at 34°C and at 37°C separately, and the
reconstituted system incubated for 60 min at 34°C,
the activity of ribosomes and high speed supernatant
was examined. It is shown in table 2 that the activity
of ribosomes from scrotal testis decreased by a short
time exposure to 37°C without any detectable change
in the activity of the high speed supernatant. On the
other hand, the activity of ribosomes and high speed
supernatant from cryptorchid testis remained
unchanged under the same condition.

Table 2
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Fig.2. [ ’H]phenylalanine incorporation into protein by a
lysate from round spermatids. Lysate was incubated with

5 uCi [ °H]phenylalanine (0.1 nmol/flask) as in section 2.

(A) 34°C. (B) 37°C. Circles, no addition; squares, pactamycin
(5 X 10-° M); triangles, pactamycin (5 X 107¢ M) + cyclo-
heximide (3 mM).

Effect of temperature on ribosomes and high speed supernatant in a cell free
protein synthesis of scrotal and cryptorchid testis

Prewarming (°C)

{*H]phenylalanine incorporated
(dpm X 10~*/mg protein)

Supernatant Ribosomes
Scrotal
testis 34 34 1.73 £ 0.07
34 37 1.33 £ 0.07
37 34 1.71 + 0.04
37 37 1.27 £+ 0.02
Cryptorchid
testis 34 34 1.84 + 0.07
34 37 1.89 +0.11
37 34 1.85+0.20
37 37 1.84 + 0.11

Incubation was performed as in section 2. Values are the means + SE
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4, Discussion

This study has clearly demonstrated that the
inhibition of body temperature on protein synthesis
of scrotal testis and the increase on that of cryptot-
chid testis can be seen in a cell free system as well as
in whole tissue. It is possible therefore that influence
of temperature on protein synthesisis partly explained
by an inhibition or a stimulation for some steps in
incorporation of amino acids into protein, or by
change for some steps in initiation, elongation and
termination of peptide chains, apart from an effect
of body temperature on transport of substrates like
amino acids into cells. Since pactamycin (5 X 107 M)
and cycloheximide (3 mM) are reported to block
chain initiation and chain elongation, respectively [8],
the difference between values at plateau with pacta-
mycin and with pactamycin and cycloheximide
(fig.1,2), is equivalent to the radioactivity associated
with one round of translation. It is thus reasonable to
presume that in scrotal and cryptorchid testis the
change in protein synthesis by temperature elevation
is at least due to the change in one round translation
of protein synthesis (fig.1,2). As shown in fig.2A,B,
the decreased amount of one round translation in
round spermatids at 37°C may in part contribute to
the decline in protein synthesis of scrotal testis, since
it is reported that in scrotal testis, spermatids are in
the high population [16] and seem to be one of the
most sensitive cells to temperature elevation among
various types of testicular cells [3]. This is supported
by the fact that a cell free protein synthesis of
spermatids was observed much more sensitive to
temperature elevation than that of spermatocytes
(data not shown),

It has been also reported that the elevation of pro-
tein synthesis of cryptorchid testis at body tempera-
ture is brought by the increase in protein synthesis of
Sertoli cells [13]. The elevation of protein synthesis
in a lysate from cryptorchid testis shown in fig.1B
might therefore result from Sertoli cells, or from an

increase of one round translation of protein synthesis.

However, it is not possible to exclude the possibility
that spermatogonia and/or Leydig cells might cause
the elevation of protein synthesis in a lysate of
cryptorchid testis as seen in fig.1B.

The results in table 2 also suggest that one round
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translation of protein synthesis decreased by temper-
ature elevation in scrotal testis, might be partly due
to the loss of activity of ribosomes. On the other
hand, ribosomes from cryptorchid testis were relatively
resistant to body temperature (table 2). This resis-
tance of ribosomes in cryptorchid testis might be one
of the reasons why Sertoli cells, Leydig cells and sper-
matogonia are relatively more resistant to heat than
the differentiating germinal cells. However, it still
remains unclear how body temperature changes one
round translation of peptide chains and impairs the
ribosomes. Further studies will answer this question,
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