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hear ts  o f  pat ients  w h o  suffer f r o m  c o r o n a r y  diseases 30, 
Vi tamin  D s t imulates  enzymes  like g lu tamate - t r ansami -  

nases tha t  are invo lved  in g lu tamate  m e t a b o l i s m  in the 
skin 31. Such a possible m e c h a n i s m  in the hear t  needs 

fur ther  invest igat ion.  Toge ther  ou r  da ta  f r o m  combined  

h i s tochemica l  and  phys io logica l  studies indicate  tha t  

1,25-D 3 has direct  genomic  act ions  on  ca rd iomyocy tes  
p r e d o m i n a n t l y  in the r ight  a t r i um that  result  in changes  

o f  m a n u f a c t u r e  and  secret ion o f  A N E  Othe r  s imulta-  

neous  effects on  g lu tamate  turnover ,  ionic  concen t ra -  
t ions,  and  conduc t iv i ty  are likely. S imul taneous  coopera -  

t ive o r  an tagonis t ic  genomic  act ions  o f  sex and  adrena l  
s teroids  4,17-19, 32, 33 on  A N F  tu rnove r  mus t  be consid-  

ered and  viewed interact ively  wi th  those  o f  v i t amin  D. As 

in o ther  tissues, the role  o f  v i t amin  D - sol tr iol  is l ikely 

to adjust  ca rd iovascu la r  and  o the r  vi tal  funct ions  to the 

seasonal  changes  to op t imize  survival  and  reproduc-  
t ion 4, 6. 
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Abs t rac t .  A reeva lua t ion  o f  the secondary  s t ructure  o f  Na ,  Ca  a n d  K channel  prote ins  led to the fo l lowing  results. 

Only  three segments  (S1, $5 and  $6) o f  each  repea t  are sufficiently h y d r o p h o b i c  to be predic ted  as t r a n s m e m b r a n e  

helices, i f  a w i n d o w  of  19 a m i n o  acids is used. Some  o f  the $2 and  $3 segments  show higher  h y d r o p h o b i c  values when  

ca lcula ted  wi th  the w i n d o w  o f  9 amino  acids and  can be pred ic ted  as shor t  helices. $4 segments  are s t rongly 

hydrophi l i c  and  canno t  be pred ic ted  as t r a n s m e m b r a n e  helices. Some  o f  the $2, $3 and  $4 segments  have  an 

amph ipa th i c  charac te r ;  however ,  these helices do no t  span a m e m b r a n e .  A mode l  is p r o p o s e d  where  12 h y d r o p h o b i c  
t r a n s m e m b r a n e  helices su r round  12 shor ter  helices, fo rming  a hydrophi l i c  pore.  In  addi t ion ,  a un ique  pa t t e rn  for  $4 

segments  o f  vo l t age -ga ted  channe l  pro te ins  is defined.  

K e y  words. Voltage-gated  ionic  channe ls ;  Na ,  Ca,  K channel  p ro te ins ;  h y d r o p a t h y  prof i les ;  secondary  s t ruc ture ;  

sequence pa t t e rn  o f  segment  $4. 
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The primary and secondary structures of voltage-gated 
ionic channel proteins have been the topic of numerous 
studies. The amino acid sequences of several proteins 
forming channels for Na, Ca and K ions are now avail- 
able (see SWISS-PROT Protein Sequence Database, Re- 
lease 14). The current model for the secondary structure 
of these channel proteins was predicted on the basis of 
hydropathy profiles as calculated by the method of Kyte 
and Doolittle 1. Six transmembrane helices (S1, $2, $3, 
$4, $5 and $6) are assumed to be present within each 
repeat, and altogether 24 transmembrane helices in four 
repeats are thought to form one ionic channel with a 
hydrophilic inner wall z. Alternative models of voltage- 
gated channels have also been proposed, where an even 
higher number of helices is predicted 3, 4 or, on the other 
hand, only a single channel-helix with full functionality is 
postulated s. 
The interpretation of hydropathy profiles, which led to 
the current model with six transmembrane helices in one 
repeat, appears not to be straightforward. Lately it has 
been shown that the very popular hydrophobicity scale 
according to Kyte and Doolittle does not give the best 
predictions for the structures of membrane proteins 6. 
Therefore, we favor another hydrophobicity scale pro- 
posed by Engelman et al. 7 (GES method); this scale is 
based on the free energies of transfer of amino acid side 
chains in ~-helical polypeptides from water to oil. We 
applied the GES method for the prediction of helices in 
the subunits of the photosynthetic reaction center from 
Rhodopseudomonas viridis, and the results obtained were 
even better than those reported by Fasman and Gilbert 6 
for other methods. 

Hydropathy analysis of segments of voltage-gated ionic channel proteins 
using GES and J~ihnig's methods 

Repeat of $1 $2 $3 $4 $5 $6 
channel protein 

Na (eel) 
I H A h A H H 
II h h/A h/A n H H 
III H A h n H H 
IV H h h A H H 

Na I (rat) 
I H n h n H H 
II H h/A h n H H 
III  H n n n H H 
IV H h/A H n H H 

Na II (rat) 
I H A h A H H 
II H h/A h n H H 
III H A A n H H 
IV H h/A H A H H 

Ca I H h h A H H 
II H A h A H H 
III H h h n H H 
IV h h/A h/A n H H 

K I H h h n H H 

H, highly hydrophobic segment within window of 19 amino acids, pre- 
dicted as t ransmembrane helix (GES method 7); h, highly hydrophobic 
segment within window of 9 amino acids, predicted as short helix (GES 
method 7); A, amphipathic helix predicted according to Jahnig 's  meth- 
odS'9; n, neither H, h nor A. 
The amino acid sequences are taken from the following sources: Na 
(eel) 14, Na (rat) I 2, Na (rat) 1I 2, Ca15, K16. 
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Model for one repeat of voltage-gated channel 

In addition, membrane-spanning helices could have an 
amphipathic character, and this feature should be taken 
into account in proposing models of voltage-gated chan- 
nel proteins. J/ihnig 8, 9 developed a special algorithm for 
the calculation of amphipathy profiles, which was suc- 
cessfully applied in studies on membrane proteins. These 
considerations prompted us to reevaluate the predictions 
of the secondary structures of several voltage-gated 
channel proteins using hydropathy and amphipathy 
analyses. 
The results presented in the table indicate that only three 
segments ($l, $5 and $6) of each repeat are sufficiently 
hydrophobic to be predicted as transmembrane helices, if 
the window of 19 amino acids is used. Some of the $2 and 
$3 segments show higher hydrophobicity values when 
calculated with the window of 9 amino acids instead of 19 
and, therefore, can be predicted as short helices. The 
possible occurrence of short helices in channel structures 
was discussed by Lodish l~ $4 segments are strongly 
hydrophilic in all cases studied here and cannot be pre- 
dicted as transmembrane helices according to hydropa- 
thy analysis. However, if the analysis were made using 
the hydrophobicity scale by Kyte and Doolittle, few $2 
and $3 segments could be predicted as transmembrane 
helices, but all $4 segments would remain hydrophilic in 
accordance with the results of  the GES method. The 
amphipathy analysis as proposed by Jfihnig reveals that 
some of the segments $2, $3 and $4 have an amphipathic 
character. However, the lengths of the amphipathic do- 
mains are insufficient to span a membrane. Our results 
lead to the model shown in the figure. 
Four repeats are thought to form one ionic channel with 
a hydrophilic inner wall. In our model, segment $4 is 
located near the pore region and, therefore, its structure 
and its function deserve special attention. 
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The primary structure of  segment $4 includes 4 to 8 
positively charged amino acids (arginine, lysine) which 
are regularly arranged in the sequence, each at every 
third position. This structure is highly conserved in 
voltage-gated channel proteins. However, searching for 
such a sequence pattern in the whole protein sequence 
database (SWISS-PROT) reveals that it is not  character- 
istic for channel proteins. The unique pattern for $4 
segments of  voltage-gated channel proteins, as found ac- 
cording to the rules outlined by Bairoch 11, is defined as 
follows: 

R-X-[FILV]-R-[LVAII-[LVAII-R-X-X-[RK]. 

This characteristic pattern o f  segment $4 consists o f  10 
amino acids. It contains 4 charged amino acids (arginine, 
lysine) and some strongly hydrophobic amino acids be- 
tween them. This pattern appears in all the 40 known $4 
segments; only one, the potassium channel protein, 
DRK1,  has a methionine in position 3 of  the pattern. 
There is one non-channel protein, cystatine, with such a 
pattern (data bank entry: CYTC$BOVIN).  
$4 segments from repeats I and II of  Na-II-channel 
proteins were the objects of  extensive studies involving 
the combined use of  site-directed mutagenesis and patch- 
clamp recordings 12. These investigations provided evi- 
dence that the positive charges in $4 segments are in- 
volved in the voltage-sensing mechanism for activating of  
the channel. We calculated hydrophobicity values, using 
the window of  13 amino acids, for the wild-type and for 
mutants of  segment $4. We have found that the substitu- 
tions of  amino acids did not lead to significant increases 
of  hydropathy values. It appears that rearrangement s of  
the secondary structure are not responsible for the elec- 
trophysiological effects observed in this case. Lately 
Auld et al. 13 observed a dramatic change in the gating 
properties o f  voltage-dependent Na-II-channel  protein, 

after replacement of  a neutral amino acid (phenylalanine 
in place of  leucine) in segment $4 of  repeat II. This find- 
ing can be explained as being due t o  conformational  
changes, but only a minor increase of  the hydrophobicity 
value was found in this case. Thus small conformational 
alterations cannot be excluded, and both the charge and 
the conformation of  $4 segments have to be considered 
in attempts to elucidate the voltage-dependent gating 
mechanism of  channel proteins. 
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Some extracellular matrix elements as markers of 'capillary tunnels' in hypertrophied rat heart 
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Abstract. We studied the distribution of  the extracellular matrix proteins fibronectin (FN) and laminin (LM) in the 
hypertrophied hearts o f  spontaneously hypertensive rats (SHR), using an immunofluorescence method with specific 
antibodies. The immunohistochemical reaction was positive in the cytoplasm of some hypertrophied cardiomyocytes. 
The results showed that F N  and LM can be used as markers for tunnels, i.e, intracardiocytic invaginations of  the 
sarcolemma. The tunnels observed contained capillaries. 
Key words. Heart  hypertrophy; spontaneously hypertensive rats; tunnel capillaries; fibronectin; laminin; immunohis- 
tochemical staining. 


