
Experientia 40 (1984), Birkh/iuser Verlag, CH 4010 Basel/Switzerland 

Monographs and Textbooks. Calcium and Cell Function, vol. 3, 
pp. 325-355. Ed. W.Y. Cheung, Academic Press, New York 1982. 

67 Pech&e, J.-F., Demaille, J., and Capony, J.-F., Muscular parvalbu- 
mins: preparative and analytical methods of general applicability. 
Biochim. biophys. Acta 236 (1971) 391-408. 

68 Pech&e, J.-F., and Focant, B., Carp myogens of white and red 
muscles. Gross isolation on Sephadex columns of the low-molec- 
ular-weight components and examination of their participation in 
anaerobic glycogenolysis. Biochem. J. 96 (I965) 113 118. 

69 Pech~re, J.-F., Demaille, J., Dutruge, E., Capony, J.-P., Baron, G., 
and Pina, C., Muscular parvalbumins. Some explorations into their 
possible biological significance in: Calcium Transport in Contrac- 
tion and Secretion, pp. 459-468. Eds E. Carafoli, F. Clementi, W, 
Drabikowski and A. Margreth. Elsevier/North-Holland, Amster- 
dam 1975. 

70 Pechere, J.-F., Derancourt, J., and Haiech, J., The participation of 
parvalbumins in the activation-relaxation cycle of vertebrate fast 
skeletal muscle. FEBS Lett. 75 (1977) 111 114. 

71 Permyakov, E.A., Kalinichenko, L.P., Yarmolenko, V.V., Burs- 
tein, E.A., and Gerday, C., Binding of nucleotides to parvalbu- 
mins. Biochem. biophys. Res. Commun. 1205 (1982) 1059 1065. 

72 Pfyffer, G.E., Bologa,L., Herschkowitz, N., and Heizmann, C.W., 
Pavalbumin, a neuronal protein in brain cell cultures. J. Neuro- 
chem. 43 (1984) 49 57. 

73 Poser, J.W., Esch, F.S., Ling, N.C., and Price, P.A., Isolation and 
sequence of the Vitamin K-dependent protein from human bone. 
Under carboxylation of the first glutamic acid residue. J. biol. 
Chem. 255 (1980) 8685-8691. 

74 Potter, J.D., Dedman, J.R., and Means, A.R., Ca>-dependent 
regulation of cyclic-AMP phosphodiesterase by parvalbumin. J. 
biol. Chem. 252 (1977) 5609-5611. 

921 

75 Rasmussen, H., Calcium and c-AMP in stimulus-response cou- 
pling. Ann. N.Y. Acad. Sci. 356 (1980) 346-352. 

76 Schachner, M., Cell type-specific surface antigens in the mamma- 
lian nervous system. J. Neurochem. 39 (1982) 1 8. 

77 Schenk, R.K., Hunziker, E., and Hermann, W., Structural proper- 
ties of cells related to tissue mineralization, in: Biological Mineral- 
ization and Demineralization, pp. 143 i60. Ed. G.H. Nancollas. 
Dahlem Konferenzen 1982. Springer Verlag, Berlin/Heidelberg/ 
New York 1982. 

78 Strehler, E.E., Eppenberger, H.M., and Heizmann, C.W., Isola- 
tion and characterization of parvalbumin from chicken leg-muscle. 
FEBS Lett. 78 (1977) 127--133. 

79 Termine, J. D., Kleinman, H.K., Whitson, S.W., Conn, K.M., Mc- 
Garvey, M. L., and Martin, G.R., Osteonectin, a bone-specific pro- 
tein linking mineral to collagen. Cell 26 (1981) 99-105. 

80 Wasserman, R.H., and Fuller, C.S., Vitamin D-induced calcium- 
binding protein, in: Molecular Biology. An International Series of 
Monographs and Textbooks. Calcium and Cell Function, vol.2, 
pp. 175 215. Ed. W.Y. Cheung. Academic Press, New York 1982. 

81 Winegrad, S., Intracellular calcium movements of frog skeletal 
muscle during recovery. J. gen. Physiol. 5l (1968) 65-83. 

82 Wnuk, W., Cox, J.A., and Stein, E.A., Parvalbumins and other 
soluble high-affinity calcium-binding proteins from muscle, in: 
Molecular Biology. An International Series of Monographs and 
Textbooks. Calcium and Cell Function, vol.2, pp.243-278. Ed. 
W.Y. Cheung. Academic Press, New York 1982. 

0014-4754/84/090910-1251.50 + 0.20/0 
~) Birkh/iuser Verlag Basel, 1984 

Full Papers 
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Summary. A new procedure  has been worked  out  to establish restr ic t ion maps.  The  m e t h o d  is fast, does no t  in 
general  require  labeled D N A  and has been appl ied to m a p  the l inear pa l ind romic  r D N A  of  Physarum with the 
restr ic t ion enzyme Bst Ell .  
Key words'. Physarum; r ibosomal  D N A ;  res t r ic t ion;  me thod ,  two-d imens iona l ;  gel e lectrophoresis .  

The  es tabl i shment  o f  a restr ict ion m a p  for a g iven piece 
o f  D N A  is a ra ther  tedious  procedure .  Wi th  unlabel led 
mater ia l ,  recourse  is of ten made  to several digests, 
whereby  e lut ion o f  f ragments  f rom gels is fo l lowed by a 
subsequent  cleavage.  I f  D N A  pieces are rad ioac t ive ly  
labelled at bo th  ends, cut  once and the 2 f ragments  
separated,  res t r ic t ion maps  can  be cons t ruc ted  f rom 
par t ia l  digests ~3. Here  we describe a new 2-d imens iona l  
procedure .  The  m e t h o d  entails separa t ing  par t ia l  digests 
on a gel, t ransfer r ing  them to a solid suppor t ,  e lut ing 
and digest ing them to comple t ion  with the same enzyme  
and separa t ing  the f ragments  in a second gel. The  trans-  
fer o f  D N A  fragments  f rom one  gel to ano the r  is s imple 
and quick,  and has recently been descr ibed in detail  in a 
very different  contex t  7. This  novel  p rocedure  has been 
successfully appl ied to establish a BstEll restr ict ion 
m a p  of  Physarum r ibosomal  D N A .  This  r D N A  is a 

l inear pa l i nd rome  of  60 kb size, no t  in tegra ted  in large 
c h r o m o s o m e s  ~l, t5 
Material and methods, r D N A  was purif ied f rom Physa- 
rum polycephalum p lasmod ia  (strain M3 CVII I )  as pre- 
viously descr ibed ~. Res t r ic t ion  enzymes  Bam HI, EeoRI 
and H i n d l I I  were ob ta ined  f r o m  Bethesda  Research  
Labs;  Bs tEI I  was ob ta ined  f rom Boehr inger  M a n n -  
helm. Diges t ion  condi t ions  were those used in the pro-  
cedures  descr ibed by the manufac ture rs .  E lec t rophores i s  
o f  D N A  restr ic t ion f ragments  was p e r f o r m e d  in agarose  
gels in the tris-acetate buffer  o f  H a y w a r d  and Smi th  ~~ 
Bora te  buffer  is no t  sui table 7. The  gels were s tained with  
e th id ium b romide  (0.5 ~tg/ml) for 30 min,  and pho to -  
g raphed  under  U V  i l lumina t ion  using a K o d a k  No ,  23A 
Wra t t en  filter. 
T w o - d i m e n s i o n a l  e lect rophores is  and recovery  o f  D N A  
f ragments  were pe r fo rmed  accord ing  to C h e n  and 
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Thomas ~, L Briefly, the agarose strips cut from the gel of 
the first electrophoresis and each containing one spe- 
cific partial digest, were dissolved with 7 M NaC104, 10 
mM tris-HC1 (pH 7.5) and 1 mM EDTA, while lying on 
a glass fiber filter in a set-up similar to the one used to 
transfer DNA from gels to nitrocellulose filters ~. The 
DNA, while adhering to the glass fibers, was washed 
free of agarose with perchlorate and then freed of the 
perchlorate with 95% ethanol 7. The glass fiber strips 
were eluted with 10-15 ~tl of 1 mM tris-HC1 (pH 7.5), 
0.1 mM EDTA and the partial DNA digest incnbated 
with the same restriction enzyme as used before. The 
products were analyzed in a second gel electrophoresis. 
Purified cDml03 DNA 9 containing Drosophila ribo- 
somal sequences was a gift from Dr T.E. Gih'oy, and 
was labelled with 3~p by nick translation ~. Transfer of 
DNA segments to nitrocellulose filters and the subse- 
quent hybridization was according to Southern ~4. 
Results and discussion. Digestion of Physarum polyce- 
phalum rDNA with restriction enzyme BstEII produced 
fragments of 8 size classes: 5.9, 5.7, 5.2, 4.8, 4.4, 3.2, 
2.45 and 0.72 kb, respectively (fig. 1). The amount of 5.7 
kb segments appeared to be only one half of the 5.9 kb 
fragment. Since the rDNA molecule is a giant palin- 
drome u,~ the 5.7 kb fragment is assigned to the center 
of the molecule. The 4.4 kb band is broad, indicating a 
distribution of lengths. Therefore, it is most likely that 
those fragments come from the ends of the molecule 
which are known to be of variable ( + 300 bp) lengths ~. 
To determine the location of the other 6 fragments, a 
2-dimensional analysis was performed (fig.2). rDNA 
was first partially digested with BstEII and fractionated 
on a gel. Each fraction was then re-digested to comple- 
tion with BstEII, and again separated in a gel slab. In 
this fashion, one can analyze the constituents of the 
partial fragments and deduce the linkage relation be- 
tween the restriction fragments. For example, the 11.6 
kb partial fragment was separated into the 5.9 kb and 

Figure I. Restriction fragments of  Physarum rDNA produced by Bst- 
Eli, rDNA (0.8 lag) was digested to completion with Bst EII and electro- 
phoresed in 1% agarose gel (lane h). ,~ DNA digested with Ram HI and 
EcoRI (lane a) was ~sed as molecular weight standard. 
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the 5.7 kb fragments, therefore the 5.9 and the 5.7 kb 
fragments must be linked. Furthermore, the 9.1 kb frag- 
ment is made of the 5.9 and the 3.2 kb fragments, and 
the 8.0 kb fragment is made of the 3.2 kb and the 4.8 kb 
fragments. This allows one to construct a sequential ar- 
rangement: 5.7-5.9-3.2-4.8 kb. 
The 4.4 kb end fragment and the 5.2 kb fragment make 
up the 9.6 kb partial fragment. The 5.2 kb fragment was 
part of the 7.7 kb partial fragment. Although we could 
not detect the 2.45 kb fragment (near the limit of detec- 
tion), we assigned it to be the other part of the 7.7 kb 
partial fragment. Therefore we can construct another 
sequence of 2.45-5.2-4.4 kb. The only other terminally- 
digested fragment not yet placed in the 2 sequences is 
the 0.72 kb. (It was beyond the detection limit). It can 
only be between these 2 sequences. Thus, the complete 
sequence, from the end to the center, is assigned thus: 
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Figure 2, Two-dimensional separation of BstEII fragments of rDNA. 
rDNA (1 ~tg) was partially digested with BstEII (1 unit in 20 ~tl for 7 
min at 37~ and electrophoresed in a 0.8% agarose gel. Fragments 
larger than and including the 5.9 kb fragment were blotted on a What- 
man GF/A filter and divided into 32 fractions 7. DNA recovered in each 
fraction was redigested to completion with BstEII and electrophoresed 
in a 1.2% gel slab. Schematic presentation shows the gel strip contain- 
ing the partial digest (top) and the 2-dimensional display of the final 
termination digest (bottom). The molecular weights of the fragments 
indicated (in kb) were calibrated against 2 DNA digested with Eco RI 
and BamHI. The broad arch-shape distribution is due to the presence 
of non-ribosomal DNA in the rDNA preparation. 
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Figure 3, Restriction sites of BstEII (middle line) on rDNA in relation 
to those of BarnHI and HindIIt 5'H'~s. The thick bars show the se- 
quences coding for rRNA 8. 
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Figure 4. Sequential doublc digestion of rDNA. rDNA 
(4 ~g) was digested with BamHI or HindllI and separated 
in a 1.2% gel (top). individual fragments were recovered 
from the gel 6, redigested with BstEII and separated in a 
1.2% gel as indicated in the figure. Lanes T in both panels 
contain double digest (BamHI and BstEII, or HindIIl and 
BstEll) of total rDNA. Lane M contains BamHl and 
EcoRI double digest of 2 DNA as markers. The DNA frag- 
ments were transferred to nitrocellulose filters 14 and hybri- 
dized with 32P-labelled cDml03 DNA. The resulting auto- 
radiographs are shown next to the gels. 

4 .4 -5 .2 -2 .45  0 . 7 - 4 . 8 - 3 . 3 - 5 . 9  5.7 kb  (fig. 3). T h e  size o f  
the  c o m p l e t e  r D N A  molecu le  ca lcu la ted  f r o m  those  
f r a g m e n t s  is 59.04 kb,  c o m p a r a b l e  to  the  va lues  o f  57-  
61 k b  o b t a i n e d  by  o t h e r  w o r k e r s  5' N, ts 
T o  c o n f i r m  th is  B s t E I I  m a p  o f  r D N A ,  we p e r f o r m e d  
d o u b l e  d iges t ions  w i t h  Bam H I  a n d  B s t E I I  or  H i n d I I I  
a n d  B s t E I l ,  a n d  c o m p a r e d  the  resul ts  w i th  the  p u b -  
l i shed B a m H I  a n d  H i n d l l I  m a p s  (fig. 3). F u r t h e r m o r e ,  
we t r a n s f e r r e d  f r a g m e n t s  to  n i t roce l lu lose  fi l ters t4, a n d  
hyb r id i zed  t h e m  wi th  ~2p label led  c D m 1 0 3  D N A  ~2 w h i c h  
was f o u n d  to c ro s shyb r id i ze  w i th  the  c o d i n g  sequences  
o n  the  P h y s a r u m  r D N A  (T.E .  G i l r o y  a n d  R. B r a u n ,  
u n p u b l i s h e d  o b s e r v a t i o n ) .  O u r  B s t E I I  m a p  pred ic t s  hy-  
b r i d i z a t i o n  o f  c D m 1 0 3  D N A  to these  B s t E I l  f rag-  
m e n t s :  5.2 kb,  2.45 kb,  0.72 k b  a n d  4.8 kb.  In fact ,  these  

f r agmen t s ,  a n d  some  o f  the  smal le r  f r a g m e n t s  g e n e r a t e d  
f r o m  them,  all h y b r i d i z e d  to c D m l 0 3 .  T h e  resul t s  o f  
these  e x p e r i m e n t s  a re  s h o w n  in f igure  4 a n d  the  p r o t o -  
cols are  g iven  in the  a p p r o p r i a t e  legend.  These  resul t s  
o b t a i n e d  w i th  o u r  2 - d i m e n s i o n a l  p r o c e d u r e  are  in  excel- 
lent  a g r e e m e n t  w i th  r ecen t  resul t s  o f  c o n v e n t i o n a l  
m a p p i n g  by  Fe r r i s  a n d  V o g t  8. 
Th i s  new t w o - d i m e n s i o n a l  m e t h o d  for  r e s t r i c t ion  m a p -  
p ing  will be useful  a lso for  o t h e r  pieces o f  r a t h e r  large  
D N A ,  p r o v i d e d  the  pa r t i a l s  s epa ra t e  r e a s o n a b l y  well  in  
agarose .  T h e  m e t h o d  requ i res  no  l abe l l ing  o f  the  D N A  
a n d  is t he r e fo re  inexpens ive .  It  is also s imple  a n d  rap id .  
T h e  l imi t  o f  d e t e c t i o n  can  o f  course  be  lowered  by  la- 
be l ing  the  D N A  or  by  h y b r i d i z a t i o n  w i th  labe l led  
p robes .  
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