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Summary. The structure of the mitochondria and endoplasmic reticulum in the coleoptile of plants (Triticum 
aestivum var. Lutescens 329, Agropyron glaucum, Triticum • Agropyron 56-chromosome hybrids, incomplete amphidip- 
loids, TAH, containing 42 wheat chromosomes and 14 chromosomes of genomes D or X of Agropyron), which differ 
in winterhardiness, was studied after exposure to 0 ~ and --4 ~ for periods varying from t0 min to 4 days. The 
functional activity of mitochondria isolated from 3 day old seedlings was also investigated in these cereals. The cells 
of Triticum and Agropyron seedlings grown at 23 ~ were shown to differ in mitochondrial structure. In the cells 
of TAH both kinds of mitochondria were found. 

On day 4 of exposure to --4 ~ the mitochondria of Agropyron cells were not changed; the endoplasmic reticulum 
formed complex closed cavities. Under similar conditions most wheat mitochondria were destroyed and in the rest 
no cristae were observed. 

Morphometric analysis indicated that the volume of such mitochondria increases by two times, while the surface 
area of the internal membranes and cristae decreases by 1.54 times. In such cells, the endoplasmic reticulum is repre- 
sented only by membranes of the smooth type.  The structure of the mitochondria and endoplasmic reticulum in the 
seedling cells of TAH 829, which is more like Agropyron in winterhardiness, is similar to that of Agropyron cells; 
in hybrid 822 (more like wheat containing the D genome), changes arise resembling those observed in wheat. The 
existence of different types of mitochondria in seedling cells of TAH is especially distinct at low temperatures. 

The mitochondria of the cereals studied differ in biochemical activity after low temperature treatment (0 ~ and 
--4 ~ Phosphorylative and oxidative activity of mitochondria of the winterhardy forms (Agropyron glaucum, 
TAH 829) decreases just after the beginning of low temperature treatment. At the same time, the morphology of the 
mitochondria undergoes reversible changes. The mitochondria of cold-susceptible forms of wintering plants (Triticum 
aestivum, TAH 822) do not conform to this pattern. Under long-term low temperature treatment they display irre- 
versibly damaged mitochondria. It  is suggested that the winterhardy forms have high adaptability connected with 
a rapid protective response of the cell mitochondria and endoplasmic reticulum. This adaptability is regulated by 
nuclear genes: TAH have different mitochondria in the coleoptile cells; if genome X of Agropyron is present, which 
TAH derives from the male parent, the related mitochondria become more resistant to low temperature treatment. 

Much work has been centreed on mitochondria 
and the endoplasmic reticulum of plants in normal 
and modified environmental conditions (Semikhatova 
and Buschuyeva, t963; Maschansky, Semikhatova 
and Buschuyeva, t965; Dexheimer, 1966; Andreeva 
and Grineva, 1970; Udovenko, Maschansky and 
Sinitzkaya, 1970; Krasavtzev and Tutkevich, 1970 
197t; Kwiatkowska, 1970a, b; Petrovskaya-Bara- 
nova, t971). 

I t  is the general consensus that  changes in the 
structure of mitochondria and reticulum are not 
specific responses to different treatments, but  rather 
are reflections of the functional state of the orga- 
nelles (Roodyn and Wilkie, 1968). On the other hand, 
the impression is gained that  mitochondrial cristae 
of differentiated cells differ in their structure (Cari- 
thers and Green, 1972) and that  cells at different 
stages of development vary in mitochondrial inclu- 
sions (Cland, t967; Newcomb, Steer, Hepler and 
Wergin, t968 ; Jonson, t97t). However, these points 
of view are not contradictory inasmuch as the 

function of the mitochondria is conditioned by the 
functional state of the cell, which may be influenced 
by the degree of differentiation and developmental 
stage of the organism. The functional state of the 
cell is determined ultimately by the activity of 
nuclear genes. I t  may  be suggested that  in organisms 
with different genotypes in conditions when oxidative 
phosphorylation, one of the main mitochondrial 
functions, is inactivated, these organelles exhibit a 
wide pattern of changes. 

Studies on the physiological and biochemical causes 
of winterhardiness in cereals have shown that  under 
Novosibirsk conditions, with temperature fluctua- 
tions in the tillering nodes from 0 - - t 0  ~ the winter- 
hardiness of rye and Agropyron is maintained by the 
high level of oxidative phosphorylation in the mito- 
chondria of tillering node cells. 

Experiments in vitro and in vivo have indicated 
that  the functional activity of the mitochondria of 
cells in the tillering nodes of cereals differing in 
winterhardiness (Triticum aestivum, Agropyron glau- 
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cum) and  of the i r  hyb r id s  - -  i ncomple te  amph id ip lo -  
ids w i th  d i f ferent  genome compos i t ion  - -  var ies  and  
is cond i t ioned  b y  the  p l a n t ' s  g e n o t y p e  (Borzkov-  
skaya ,  Usova  and  Safonova ,  t 97 t ) .  

This  p a p e r  p resen t s  an a t t e m p t  to  e luc ida te  t he  
s t ruc tu r e  of t he  m i t o c h o n d r i a  and  of the  endop las -  
mic r e t i cu lum of c o l e o p t i l e  cells in these  cereals .  
This  s t u d y  also deals  w i th  the  func t iona l  a c t i v i t y  
of m i t o c h o n d r i a  u n d e r  t he  ac t ion  of low t e m p e r a t u r e  
on these  cereals,  which  differ  in a n u m b e r  of cha-  
rac ters ,  inc lud ing  win te rha rd iness .  

Material and Methods  
Cell ul t rastructure was studied in the coleoptile 

cells of wheat  (Tr. aestivum, var. Lutescens 329), Agro- 
pyron glaucum and 56-chromosome wheat-Agropyron 
hybrids. The functional ac t iv i ty  of their  mitochondria  
was invest igated during t imes of exposure from 10 rain 
to 4 days in a refrigerator a t  temperatures  from 0 - -4  ~ 

The 56-chromosome Triticum-Agropyron hybrids  (TAH) 
are incomplete amphidiploids containing 42 wheat  and 
14 Agropyron chromosomes. The 42-chromosome wheat  
Triticum aestivum (var. Lutescens 329), the  maternal  
form of the TAH, has the following genome composition 
--AtAtBtBtDtDt; the paternal  form of this  hybr id  is 
Agropyron glaucum, which has the genome composition 
BABADADAXAXA (Vakar, 1935). The 56-chromosome 
wheat-Agropyron hybrids  used in this  s tudy differed in 
genome composit ion: TAH 822 is a hybr id  of wheat- 
intermediate  type, containing the entire common wheat  
karyotype  to which is added a D genome of Agropyron 
par t ia l ly  homologous with the D genome of wheat  (AtA~- 
BtBtDtDtDADA); TAH 829 is an intermediate  hybr id  
with a specific Agropyron X genome added (AtA,BtB~- 
DtDtXAXA) (Yatchevskaya and Laptchenko,  1966). 
These TAH forms differ in phenotype (TAH 822 is closer 
to wheat, TAH 829 is more like Agropyron) as well as in 
winterhardiness (TAH 822 is a moderately winterhardy 
form, TAH 829 is a highly winterhardy form). 

In  control experiments the seeds were grown at  + 23 ~ 
The tops of three days old coleoptiles were cut off, the 
walls of the coleoptiles were fixed in 6% glutaraldehyde 
and t rea ted  subsequently with 2% OsO4; in both cases 
phosphate buffer was used at  p i t  6.8. Dehydrat ion and 
embedding in araldi te  were carried out  according to the 
s tandard  method. Ul t ra th in  sections were obtained with 
the ul t ra tome Reichert  and studied using the electron 
microscope JEM-7. Quant i ta t ive  da ta  on the volume and 
surface area of the mitochondrial  internal  membranes and 
cristae, and the surface area of the membranes of the 
granular  and smooth endoplasmic ret iculum were ob- 
tained by means of morphometr ic  analysis (Weibel, t 969). 

The isolation of the mitochondria  from the seedlings 
was performed by the method of Heber  et al. (1964) with 
the modifications we have introduced (/3orzkovskaya, 
Usova and Safonova, t97t) .  Mitochondrial  respirat ion 
was determined manometr ical ly  in the Warburg  appa-  
ratus for 15 min at  + 2 0  ~ The inorganic phosphorus 
content  was measured according to F isce- -Subbarow.  
The protein content  of the mitochondria  was est imated 
by  the method of Lowry. 

Results  
I n  s imi lar  g r o w t h  condi t ions  a t  + 2 3  ~ the  s t ruc-  

t u r a l  differences be tween  the  m i t o c h o n d r i a  in w h e a t  
and  Agropyron coleopt i le  cells are c lear-cut .  W h e a t  
m i t o c h o n d r i a  have  long na r row cr i s tae  (fig. t a), 
Agropyron m i t o c h o n d r i a l  c r i s tae  are  cha rac t e r i zed  b y  

Fig. 1. Mitochondria of coleoptile cells at +23 ~ 
a) wheat with long narrow cristae, • 30,000; 
b) A. glaucum with widened mace-like cristae, • 30,000; 
c) TAIl  822, mitochondria similar to wheat, • 30,000; 
d) TAH 829, mitoehondria similar to Agropyron, • 30,000 

mace- l ike  s t ruc tu re s  (fig. t b). I n  h y b r i d  coleopt i le  
cells, b o t h  t y p e s  of m i t o c h o n d r i a  are observed.  How- 
ever,  in h y b r i d  822, m i t o c h o n d r i a  s t r u c t u r a l l y  s imi lar  
to  the  whea t  t y p e  (fig. t c) are  more  common,  
whereas  cells of h y b r i d  829 con ta in  more  mi to-  
chondr i a  s imi lar  to  those  of Agropyron (fig. t d). 
The  endop lasmic  r e t i cu lum is r ep re sen t ed  b y  mem-  
b ranes  of the  g ranu la r  and  smoo th  t y p e s  in the  
coleopt i le  cells of all  the  p l an t s  ana lysed .  The  
c y t o p l a s m  of all  the  cells inc ludes  a large n u m b e r  of 
free r ibosomes  a r r anged  in po lysomes  (fig. I a b c d ) .  
I n  t he  coleopt i le  cells of whea t ,  the  m i t o c h o n d r i a  
s t a r t  to  swell 6 hr  a f te r  t r e a t m e n t  a t  0 ~ P ro longed  
exposure  s ign i f i can t ly  affects  the  s t ruc tu re  of these  
organel les :  on the  fou r th  d a y  of exposure  to  - - 4  ~ 
some m i t o c h o n d r i a  are  d i s in t eg ra t ed ,  o thers  lose 
the i r  c i rcular  shape  and  c r i s tae ;  the  endop lasmic  
r e t i cu lum is r ep re sen t ed  m a i n l y  b y  d i l a t ed  cav i t ies  
l imi t ed  b y  m e m b r a n e s  l ack ing  r ibosomes  (fig. 2a).  

Dur ing  low t e m p e r a t u r e  t r e a t m e n t ,  changes  in 
m i t o c h o n d r i a l  s t ruc tu re  in the  cells of Agropyron 
seedl ings arise ear l ier  t h a n  in w h e a t  cells unde r  
s imi lar  condi t ions .  Af te r  20 min  at  0 ~ Agropyron 
m i t o c h o n d r i a  are  swollen,  b u t  soon rega in  t he i r  
n o r m a l  appea rance .  Af t e r  4 days  a t  - - 4  ~ the  
m i t o c h o n d r i a  r e t a in  the i r  t y p i c a l  s t ruc tu re ,  differ ing,  
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In  h y b r i d  829, the  coleopt i le  of which  is ve ry  
s imi lar  to  t h a t  of Agropyron in win te rha rd iness ,  t he  
m i t o c h o n d r i a  r ema in  u n c h a n g e d  a f te r  4 days  of ex- 
posure  to  - - 4  ~ (fig. 4a ) ;  the  m e m b r a n e s  of i ts  
g r anu la r  endop lasmic  r e t i cu lum,  as in Agropyron 
cells, are a r r anged  in convo lu t ed  s t ruc tu re s  fo rming  
concent r ic  p a t t e r n s  (fig. 4b) .  In  t he  seedl ing cells of 
the  o the r  h y b r i d  (822), the  m i t o c h o n d r i a  have  a l ight  
m a t r i x  and  con ta in  ve ry  few cr i s tae  in these  condi-  
t ions  (fig. 4c).  As well  as t he  d i l a t ed  cav i t ies  of the  
endop lasmic  r e t i cu lum,  convo lu t ed  concent r ic  pa t -  
te rns  of the  g r a n u l a r  r e t i cu lum m a y  be  obse rved  
(fig. 4d) .  The  he te rogeneous  s t ruc tu r e  of c r i s tae  in 
the  m i t o c h o n d r i a l  popu la t i ons  of the  coleopt i le  ceils 
of hyb r id s ,  which  we have  obse rved  a t  room t em-  
pe ra tu re ,  was also n o t e d  a f t e r  exposure  to  t e m p e r a -  
tures  f rom 0 ~ to  - - 4  ~ for d i f fe ren t  pe r iods  of 
t ime.  Thus,  a f te r  four  days  of low t e m p e r a t u r e  
( - - 4  ~ t r e a t m e n t ,  m i t o c h o n d r i a  wi th  n o r m a l  and  
mod i f i ed  s t ruc tu re s  m a y  be d i s t ingu i shed  (fig. 4e). 

Fig. 2. Mitochondria of coleoptile cells after 4 days of exposure 
to --4 ~ 

a) wheat, no cristae in the mitochondria, • 30,000; 
b) A. glaucum, slightly swollen cristae, • 30,000; 
c) granular endoplasmic reticulum forms complex closed wide- 

ned cavities, • 50,000 

in some cases, in hav ing  somewha t  la rger  spacings  
be tween  the  c r i s tae  (fig. 2b) .  The  g r a n u l a r  endo-  
p lasmic  r e t i cu lum undergoes  p ro found  changes  and  
forms closed d i l a t e d  cav i t ies  f i l led wi th  b r a n c h i n g  
m e m b r a n e s  w i th  r ibosomes  a t t a c h e d  to  t h e m  (fig 2c). 

The  mean  m i t o c h o n d r i a l  vo lume does no t  change  
in t he  coleopt i le  cells of Agropyron af te r  4 days  of 
exposure  to  - - 4  ~ while  in w h e a t  i t  increases  b y  
more  t h a n  twice.  The  mos t  re l iab le  p a r a m e t e r  of the  
func t iona l  a c t i v i t y  of m i t o c h o n d r i a  is the  surface 
a rea  of t he  i n t e rna l  m e m b r a n e s  and  c r i s tae ;  th is  
index  does no t  change  g r e a t l y  in the  cells of Agro- 
pyron seedlings,  whereas  in w h e a t  seedl ings i t  de-  
creases b y  t .54  t imes  (fig. 3). 
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Fig. 3. Mean volume of 

8 mi tochondr ia-  V (mc 3) 
- - a n d  surface area of 

6 its internal membranes 
and cristae -- S (mJ) at 

4 +23 C and 4 days after 
exposure to -- 4 ~ Cole- 

optile ceils : 
a) wheat ( ); 
b) Agropyron (-- ----) 

Fig. 4. Coleoptile cells of wheat -- Agropyron hybrids after 
4 days of exposure to --4 ~ TAIl  829 a) intact mitochon- 
dria, • 30,000; b) complex widened cavities of the granular 
endoplasmic reticulum, • 30,000; TAIl  822 c) mitochondria 
with light matrix and numerous cristae, • 30,000; d) widened 
cavity of smooth endoplasmie reticulum and concentrical 
membranes of the granular endoplasmic reticulum, • 30,000; 
e) different degree of mitochondrial integrity in a cell of 

TAIl  829, • 30,000 
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Fig. 6. Phosphorylative (I) and oxidative (II) mitochondrial 
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Fig. 7. Phosphorylative (I) and oxidative (II) mitochondrial 
activity in seedlings at --4 ~ (me AP and me AO per mg 

mitochondrial protein per hr). 
- -  Tr. aestivum; -- o--  o TAIl 822; . . . .  TAH 829; 
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The surface areas of granular and smooth endo- 
plasmic reticulum were analysed morphometr ical ly 
in TAH after different periods of exposure to 0 ~ to 
- -4  ~ I t  was found tha t  in both  hybrids the granu- 
lar endoplasnfic reticulum decreases and the smooth 
one increases. These changes differ in the two hy- 
brids. In the coleoptile cells of hybrid 829 (similar to 
Agropyron) ,  the surface area of membranes  of both  
types of reticulum is the same on the fourth day  of 
exposure to - -4  ~ In the cells of hybrid 822, which 
is similar to wheat,  the smooth endoplasmic reti- 
culum increases by  6.4 times and the granular 
decreases by  4.5 times (fig. 5). 

The results of studies of respiration and phosphory- 
lation rates of mitochondria under low tempera ture  
(0 ~  ~ in the seedlings are schematically present- 
ed in figs. 6 and 7. 

The da ta  on the oxidative and phosphorylat ing 
activities of mitochondria isolated from seedlings 
after exposure to 0 ~ for 7 days (fig. 6) show tha t  
the mitochondria of the seedlings of wheat 'Lut-  
escens 329' and A g r o p y r o n  g laucum react differently 
to low temperature .  In wheat mitochondria respira- 
tion and phosphorylat ion rates increase with de- 
creasing tempera ture  and the peak is reached on the 
third day  of exposure (the level of biochemical 
act ivi ty  of the mitochondria increases by  about 25% 
compared with the control). Fur ther  exposure of 
the seedlings to 0 ~ causes a gradual  decrease in 
the oxidative and phosphorylat ing activities of the 
mitochondria,  though their  level was not lower than  
in the control even after 5 days of low tempera ture  
t rea tment .  A slight decrease is observed only on the 
seventh day. 

In the contrary,  in the mitochondria of A g r o p y r o n  
g laucum there is a rapid decrease in both  phosphory- 
lation and respiration rates at 0 ~ In 6 hr, low 
tempera ture  exposure decreases the phosphorylat ion 
rate  by  12% compared with the control, in 12 hr it 
decreases it by  26o/0 . Respiration rate  decreases more 
slowly,  by  t t 0/0 in 12 hr. Low tempera ture  t rea tment  
of seedlings for 2 days induces further decreases in 
the rates of mitochondrial  respiration (34%) and 
phosphorylat ion (37%) compared with the control. 
Prolonged exposure to 0 ~ for 7 days has no further  
effect on mitochondrial  act iv i ty  which remains at 
the same level to the end of the experiment.  

The reaction pa t te rn  displayed by  the mitochon- 
dria isolated from TAH seedlings after exposure to 
0 ~ C, is of interest here. Fig. 6 shows tha t  the curves 
of changes in respiration and phosphorylat ion rates 
of these hybrids are midway between the curves of 
wheat  and Agropyron .  I t  is also notewor thy tha t  the 
mitochondria of the more winterhardy hybrids 829 
react to low tempera ture  like those of Agropyron ,  
while the reaction" of the mitochondria of the less 
winterhardy T A H  822 is similar to those of wheat. 
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The analysis of the data obtained indicates that 
changes in the biochemical activity of mitochondria 
at 0 ~ include only shifts in the oxidation rate of 
succinate, without significant alterations in the 
coupling of oxidation and phosphorylation, since 
increased or decreased respiration rates (fluctuations 
being negligible) are paralleled by corresponding 
changes in the rate of phosphorylation. The changes 
in mitochondrial reaction to decreased temperature 
are more distinct at --4 ~ Fig. 7 depicts the chan- 
ges in the oxidation and phosphorylation of mito- 
chondria during exposure to --4 ~ 

The first point to be noted is that the curves in 
fig. 6 and 7 are similar. As at 0 ~ during the first hours 
of exposure to --4 ~ (up to 6 hr) both respiration and 
phosphorylation rates in the mitochondria of wheat 
seedlings increase. With .further exposure (up to 
12 hr) there is a sharp decrease in mitochondrial 
activity, particularly in the phosphorylating rate (by 
approximately 32%) ; 24 hr of treatment lowers it by 
60% compared with the control. 

Unlike wheat mitochondria, exposure to --4 ~ 
produced a drastic fall during the first hours in oxi- 
dative and phosphorylating activities of Agropyron 
mitochondria. During the first hours of --4 ~ expo- 
sure, respiration and phosphorylation are strongly 
depressed (50% by 6 hr compared with the control). 
Subsequent exposure of A gropyron seedlings to --4 ~ 
produced no changes in the biochemical activity of 
the mitochondria. 

The curves reflecting the oxidative and phosphory- 
lating rates in TAH hybrids, like those produced by 
exposure to 0 ~ occupy an intermediate position 
between Triticum and Agropyron, with the reaction 
pattern of the mitochondria to --4 C in TAH 829 being 
similar to that of Agropyron and in TAH 822 resem- 
bling that of wheat. 

It may be concluded that the initial response of 
seedling mitochondria to low temperature (0 ~ to 
--4 ~ is the change in their functional activity. In 
Agropyron glaucum and TAH 829 (with X genome of 
Agropyron), this change consists of a decrease in the 
rates of oxidation and phosphorylation, while in 
wheat 'Lutescens 329' and TAH 822 (with D genome 
of Agropyron), enhanced biochemical activity is 
observed first. The mitochondria of the more winter- 
hardy forms have a rather high P/0 coefficient which 
does not change after prolonged exposure to low, 
though not damaging, temperatures. This is, per- 
haps, because mitochondria belong to structures 
whose cells bear high functional loads. To withstand 
these loads, the mitochondria probably have con- 
siderable functional reserves at their disposal to 
enable them to maintain, or promptly restore, their 
normal state (Udovenko, Maschansky and Sinitz- 
kaya, t970). 

Discussion 

Studies of the cell structure in the coleoptile of 
3 day-old seedlings differing in winterhardiness have 
shown that the structure of their mitochondrial 
cristae is different. It seems that mitochondrial 
structure is species specific. This feature is, probably, 
not markedly expressed at +23 ~ because it is not 
the optimal temperature for the seedlings of these 
plants. At low temperatures these differences become 
particularly marked. This is confirmed by morpho- 
metric data: in Agropyron mitochondria the surface 
area of the internal membranes and cristae of the 
mitochondria remains unchanged after 4 days of 
exposure to --4 ~ while in wheat mitochondria it 
decreases by 1.54 times. 

It has been demonstrated that mitochondrial chan- 
ges in different organisms are similar and represent 
transient structural changes accompanying increased 
functional activity in extreme conditions (Maschans- 
ky, t961 ; Maschansky et al., 1965 ; t97t). The range 
of these changes depends upon the physiological and 
biochemical processes taking place in the organism. 
The data we have obtained on mitochondrial struc- 
ture under conditions of low temperature suggest 
that the genetical system of the mitochondria is not 
quite autonomous, in spite of the presence of DNA, 
and depends upon the genome of the nucleus. The 
mitochondria of wheat, Agropyron and their hybrids 
are functionally inactive after 4 days of exposure to 
--4 ~ The more intact structure of the organelles 
in coleoptile cells of Agropyron and wheat-Agropyron 
hybrids (particularly of hybrid 829), where their 
energy supplying functions are inactivated, prompts 
the idea that the seedlings of these plants possess 
genetically determined mechanisms which block the 
processes of oxidative phosphorylation at low tem- 
peratures. In consequence, mitochondrial ultra- 
structure is left intact and these structures are able 
to resume their functions as soon as circumstances 
become favourable. In contrast, at low tempera- 
tures the functional activity of wheat mitochondria 
increases at first (Borzkovskaya, Usova, and Safo- 
nova, t971), which leads subsequently to the partial 
or total impairment of their structure. 

The protective mechanisms providing the inte- 
grity of mitochondria in the cells of Agropyron 
seedlings certainly depend upon plant genotype. 
This is substantiated by the wide variety of changes 
in the mitochondria of coleoptile cells in TAH, in 
which such mechanisms presumably do not operate 
with higtl precision. 

The existence of different mitochondria in coleop- 
tile cells of hybrids indicates that mitochondrial 
structure and its integrity are controlled directly by 
the nuclear genome, whose protective mechanism 
acts only upon "related" mitochondria, i.e. on mito- 
~hondria of similar origin. 
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Notewor thy is the close relationship between mito- 
chondrial structure and the state of the endoplasmic 
reticulum. The formation of dense accumulations of 
granular endoplasmic reticulum representing coiled 
dilated cavities, enclosing membranes  of granular 
reticulum, is interpreted as an adaptive mechanism 
protecting the protein-synthesizing apparatus  from 
unfavourable conditions. The integri ty of the granu- 
lar endoplasmic reticulum and of the fine structure 
of the mitochondria in Agropyron and TAH 829 
(with the X genome of Agropyron) at  decreased 
rates of oxidative phosphorylation is evidence for 
the existence of protective mechanisms maintaining 
cell homeostasis at low temperatures.  The formation 
of coiled bodies in the endoplasmic reticulum has 
been established by  a number  of workers (Dexhei- 
mer, t966; Andreeva and Grineva, t970; Wrischer, 
1965; Petrowskaya-Baranova,  1972). Two alterna- 
t ive explanations have been proposed: One (Dex- 
heimer, 1966) is tha t  this type  of s tructure is indica- 
t ive of decreased protein synthesis; the other implies 
tha t  this s tructure is associated with enhanced pro- 
tein synthesis in the cell (Bj6rkman, t968; Lowry and 
Sussman, t968; Pet rovskaya-Baranova,  1972). 

The data  obtained in this s tudy are consistent with 
the former explanation. Since the dense coiled bodies 
in the endoplasmic reticulum were observed in the 
cells of seedlings with inactivated, though struc- 
tural ly quite intact,  mitochondrial  structure, it is 
difficult to imagine tha t  an increase in protein syn- 
thesis occurs when oxidative phosphorylat ion is 
abolished. Moreover, morphometr ic  analysis indica- 
tes tha t  the membrane  of the granular endoplasmic 
reticulum has a smaller surface area in hybrids at 
low temperature .  Dense coiled bodies consisting of 
granular endoplasmic reticulum appear  in the cells of 
the seedlings concomitant ly with the decrease in sur- 
face area of the granular endoplasmic reticulum. 
This observation is in line with the concept tha t  the 
act ivi ty  of the protein-synthesizing apparatus  of the 
cell is reduced. I t  is hardly conceivable tha t  cell 
protein synthesis is increased, while the contrary 
appears plausible. We consider the formation of 
dense coiled bodies as an adaptive mechanism pre- 
serving cell structure. 

Another  suggestion is possible. In extreme condi- 
tions cell compartmental izat ion is part icularly evi- 
dent:  when total  protein synthesis is decreased, 
separate regions of cell cytoplasm are capable of 
synthesizing more protein. In  these regions complex 
dense bodies arise consisting of granular endoplasmic 
reticulum. 
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