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U. Kvist , L . Bj orndahl, ands. Kjellberg 

B. Afzelius: You show here that some cases of 
male infertility (or decreased fertility) is 
correlated with a lowered uptake of zinc by the 
spermatozoa which presumably is the reason of the 
low fertility. Will this finding lead to some 
treatment of the patients, such as zinc injec
tions in the blood, increased amounts of zinc in 
the food, or some such treatment? 
Authors: A normal secretory function of the 
prostate, measured as concentration of zinc in 
seminal plasma, does not guarantee an appropriate 
uptake of zinc into the sperm chromatin . It seems 
that the sequence of ejaculation is of importance 
since an early admixture of seminal vesicular 
fluid severely limits the fraction of zinc avai
lable for uptake ( Bjorndahl 1986). However, in 
cases with low secretion of zinc from the pro
state, efforts to increase the accumulation of 
zinc in the prostate may be beneficial. Accumula
tion of zinc in the prostate seems to be depen
dent on androgens and it has been suggested that 
citrate production induced with androgens would 
be a mechanism responsible for accumulation of 
zinc (Arver 1982). We have recently initiated a 
study with the aim to find out whether treatment 
with androgens during a short period of time 
could increase the amount of zinc that is secre
ted from the prostate and available for uptake 
into the sperm chromatin. 

G.M. Roomans: Colonna and Oliphant (1986) recent 
ly showed, using X-ray microanalysis, substanti
ally lower Zn levels associated with the princi
pal piece of both capacitated and acrosome-reac
ted sperm than with ejaculated cells ( i n the 
rabbit) . Could you comment on these findings in 
the light of your own theory? 
Authors: Co l onna and Ol i phant compared ej acu l at ed 
spermatozoa and spermatozoa exposed t o their 
capacitation medium, which has high ion i c 
strength. This treatment induced several changes 
in elemental composition. Spermatozoa with re
acted acrosome and which had been 'capacitated', 
had higher content of zinc in the principal 
piece, but lower levels in the acrosome and 
mid-piece . The significance of this 'redis t r i 
bution' is not known. In contrast, they found no 
change in the levels of zinc in the nuclei of 
ejaculated, 'capaci tated' spermatozoa, and sper
matozoa with reacted acrosome. However, if we 
consider that a premature release of zinc may 
occur before fertilization, this would result in 
two possible outcomes, dependent on the redox
state: (1) in a reductive environment: a partial, 
premature decondensation, which makes the genome 
available for enzymatic degradation; ( 2) in an 
oxidative environment: oxidation of unprotected 
thiols into stabilizing disulf ide-crosslinks, 
which may retard or abolish the eventual decon
densation in the ooplasm. 

G. M. Roomans: Your findings shown in Table 1 of 
lower Zn levels and lower stability in spermato
zoa of infertile men are very intriguing. How
ever, even the infertile group has 84% stable 
spermatozoa and both the range of stability and 
the range of Zn content overlaps that of healthy 
men. Therefore, I wonder whether in an individual 
case, the infertility can be explained by a 
decreased zinc content. 
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Authors: Infertile couples should make a hetero
geneous group with respect to the causes of 
infertility. The present results open the possi
bility that a low content of zinc in the sperm 
chromatin could be one factor causing inferti
lity . However, men in couples with other causes 
of infertility must be expected to have contents 
of zinc in sperm nuclei that overlap the values 
from fertile donors. 

L. Ploen: You have shown 
for chromatin stability. 
other factors that might 
decondensation? 

that zinc is important 
Could you speculate on 

be involved in chromatin 

Do you know if there are any differences in 
the mechanism of decondensation in vitro and in 
vivo (fertil i zation)? 
Authors: The mechanism by which decondensation of 
ejaculated spermatozoa proceeds in vivo is not 
known, but this decondensation bears morphologi
cal similarities to decondensation induced by SDS 
with EDTA. 

The DNA-protamine complex that is to be 
decondensated could be regarded as a temporary, 
physiological aggregate of macromolecules sur
rounded by a nuclear envelope and the plasma 
membrane. A prerequisite for decondensation is 
the disappearance of these membranes. In our in 
vitro system, this is performed with SDS. In 
vivo, the plasma membrane fuses with the vitel
line membrane during penetration, and there is a 
rapid break down of the nuclear envelope, most 
probably caused by factors in the ooplasma. 

At least two types of bindings are then to 
be disrupted in the nuclear aggregate. Weaker 
forces, possibly hydrogen bonds, can be broken by 
inc l usion of repulsive forces with e.g. , deter
gent s like SDS i n v i tro. In vivo, pho sphory l ation 
of protamines and rehydration could be two mecha
nisms t hat cause the repulsion of the fiber s . 

The stronger forces could be salt-bridges, 
with divalent cations, or they could be covalent 
bridges. Since a combination of zinc-chelating 
compounds and SDS can bring about a complete 
decondensation of mammalian spermatozoa in vitro, 
i t is possible that salt-bridges are present. The 
evolution of cysteines i n the protamines, makes 
the formation of disulfide-bridges possible. Such 
bridges may stabi l ize the secondary structure of 
the protamine itself, i.e., intra-molecular 
disulfide-bridges. The thiol groups could also 
contribute to the stability of the quaternary 
structure, either in intermolecular disulfide
bridges or through formation of intermolecular 
salt - bridges with zinc. The latter type of com
plex would have a strength which is comparable 
with that of covalent disulfide -b ridges. 

If salt-bridges with zinc constitute the 
strong intermolecular forces, then decondensation 
in vivo could be achieved by removal of zinc 
concomitant with a repulsion of chromatin fibers. 

If also intermolecular disulfide-bridges 
contribute to the physiological stabilizing 
forces, these have to be broken. One way is 
through reductive cleavage by free thiol groups, 
which can be added in vitro (e.g., DTT or mer
captoethanol), or supplied in vivo: by the oo 
plasm (reduced glutathione, redoxine) or pro
vided, as free thiol groups, by the protamines 
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themselves. If thiol-groups in the protamines 
participate in cleavage of intermolecular di
sulfide-bridges, then the net effect of deconden
sation would be an oxidative process (i.e., 
exchange of intermolecular disulfide-bridges into 
intramolecular disulfide-bridges), which, from a 
thermodynamic point of view would be favoured. A 
main role for free thiols in the ooplasm could 
then be to initiate this process. 

Epidydimal spermatozoa failed to deconjense 
in ova exposed to tr eatments that block thiol
groups , oxidizes GSH, or blocks the production of 
GSH (Calvin et al. 1986, Perreault et al. 1984). 
It is, however, not known to what extent the 
' unphysiological' usage of epididymal spermatozoa 
creates a need for thiols in the ooplasma , s" .nce 
epidydimal spermatozoa are susceptible to disul
fide oxidation when handled in vitro. If thiols 
to higher extent were protected from oxidation by 
zinc, as is the case with ejaculated human sper
matozoa, then the need for thiols in the ooplasm 
to support decondensation of spermatozoa would be 
lower. 
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