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CLARK, QUAIFE AND BAYLOR ~ in 1943 prepared calf thymus nucleoprotein** by 
the MIRSKY AND POLLISTER 3 procedure and studied the dried salt-DNP mixtures with 
the electron microscope. The non-specific dendritic patterns obtained were assumed 
to be the result of crystal formation due to the salt present in their preparations. SCOTT ~ 
observed a DNA network of laterally branching and uniting fibers having a dendritic 
appearance. BAYLEY 5 obtained electron micrographs showing spherical bodies which 
were believed to be coiled globules of nucleate. ROWE, EDEN AND KAHLER 6 described 
the DNA molecule as a slightly kinked and slightly flexible rod with a striking tendency 
to spiral, twist and intertwine with neighbouring molecules. In a report on the electron 
microscopy of DNA by a new freeze-drying method WILLIAMS 7 described certain 
frequently occurring fibrillar connections (places where three fibers came together at 
a point) which were explained by the existence of an extremely tenuous network gel 
of DNA. KAHLER AND LLOYD s obtained fiber diameters of 15 and 25 A for DNA and 
DNP, respectively. The nucleate fibers were said to be intermediate in shape between 
a random coil and a stiff rod. "The first published picture of an extracted nucleoprotein 
particle that  even approximates dimensions that  could reasonably be expected to exist 
in a nucleoprotein molecule" was the description recently given an electron micrograph 
of DNP from sea urchin sperm by BERNSTEIN AND MAZlA 9. The length and thickness 
of the fiber was 4300 A and 250-3o0 A, respectively. I t  is quite evident that  estimates 
of the size and shape of the DNP or the DNA molecule based upon electron micrograph 
pat terns vary  considerably. 

These discrepancies in the size and shape of the DNP or DNA molecule have been 
explained by variations in the method of preparation of the material  and by variations 
in the techniques used in the electron microscopy (ScoTf  4 used air-drying, WILLIAMS 7 
freeze-drying, and BAYLEY 5 the replica technique). The data presented below indicates 
that  the many  pat terns or shapes ascribed to the DNP or DNA molecule (spherical 
globules, random coils, flexible rods, branched fibers, three-fiber junctions, etc.) can be 
obtained from a Mirsky-Pollister DNP preparation by a standard precipitation-air 
drying technique followed by t reatment  of the DNP-containing grids with hydrochloric 
acid and/or DNase. 

* Par t  of this data  was presented to the Division of Biological Chemistry of the American Chemical 
Society 1 and to the Electron Microscope Society of America. 

** The following abbreviations will be used: DNP, calf t hymus  nucleoprotein; DNase, desoxy- 
ribonuclease; DNA, desoxyribonucleic acid or its sodium salt. 
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Fig. i .  Calf t h y m u s  nucleoprote in  deposi ted on the  electron microscope grid f rom I M NaC1 by  the  
addi t ion  of disti l led water ,  washed  wi th  water ,  air-dried, shadowed wi th  Pd a t  12 ° and  p h o t o g r a p h e d  

with an RCA electron microscope. (73,0oo ×) 

EXPERIMENTAL 

Methods 

DNP was prepared from frozen calf thymus by the MIRSKY AND POLLISTER pro- 
cedure 3. The resultant viscous solution containing approximately o.8 % DNP was diluted 
with I M NaC1 pH 6. 9 one-hundred fold before use for electron microscopy. One drop 
of distilled water was added to a drop of the diluted DNP solution on Formvar covered 
grids. This treatment reduced the salt concentration sufficiently to precipitate the DNP 
upon the Formvar. Excess liquid was removed by holding the grids vertically adjacent 
to filter paper. The grids were then swirled in Petri dishes containing 5-Io  ml distilled 
water and allowed to remain submerged in the water for IO minutes. This washing 
procedure satisfactorily removed the NaC1 so that slight, if any, contamination was 
visible in the electron micrographs. After the DNP-containing grids were dried overnight 
in a desiccator containing P205 they were shadowed at 12 ° angle with Pd. The prepa- 
rations were then viewed and photographed with an RCA electron microscope. Control 
micrographs were obtained by substituting a drop of I M NaC1 for the DNP solution. 

Effect o/HCl. The above procedure to and including the water wash was repeated. 
The DNP-containing grid was then placed into I M HC1 at 55 ° C for 5 minutes after 
which it was washed, dried, shadowed, and viewed as before. Again controls were ob- 
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Fig. 2. DNP-containing grid washed with water, immersed in 0.6 M HC1 at 55 C for 5 minutes,' 
rewashed, air-dried and shadowed. Note spiral-like structure, S. (6o,ooo x ) 

t a ined  b y  subs t i tu t ing  I M NaC1 for the  DNP.  An add i t iona l  cont ro l  was ob ta ined  b y  
replacing the I M HC1 wi th  dis t i l led water .  The p H  effect was de t e rmined  by  subs t i tu t ing  
var ious  concent ra t ions  of HC1 for the  I M reagent .  

Effect o /DNase .  The degrada t ion  of the  D N P  b y  DNase  was de t e rmined  by  incu- 
ba t i ng  DNP-con ta in ing  grids wi th  5 ml of a 5 rag% solut ion of crys ta l l ine  DNase  in 
0.02 M MgSO 4 at  37 ° C. Af te r  va ry ing  per iods  of incuba t ion  (5-30 minutes)  the  DNase  
act ion was s topped  b y  t ransfer r ing  the grids to a solut ion of Na  c i t ra te  for 5 minutes .  The 
grids were then  washed,  dried, shadowed,  and  v iewed as before.  

Combined effect o/ HCl and DNase.  After  the  DNP-con ta in ing  grids were incu- 
b a t e d  wi th  DNase,  c i t r a t ed  and  washed,  t hey  were p laced  in I M HC1 at  55°C for 
5 minu tes  as before.  Other  grids were first t r e a t ed  wi th  the  HC1 and  then  with  DNase.  

RESULTS 

DNP. The nucleoprotein pattern of Fig. I, typical of those obtained by the precipi- 
tation procedure described above, appears to consist of a network of fibers with many 
branches and junctions. Flat fibers having 15 m/z diameters can be identified; however, 
much larger fibers are also present. Observations of fields of less concentrated material 
did not reveal individual fibers but the usual branched or dendritic patterns. 
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Fig. 3. Same as Fig. 2 except that I.O M HC1 was used instead of o.6 M. (50,000 ×) 

Effect o~ HCl. Hydroch lor ic  acid  t r e a t m e n t  p roduced  s t r ik ing  changes in the  p a t t e r n s  
observed.  (Figs. 2 and  3). Fewer  bu t  much  more  d i s t inc t  fibers or s t r ands  were present .  
The m a n y  in tersect ions  of the  fibers ( junct ions of three  or more  s t rands)  con ta ined  
large round  or e l l ipsoidal  globules.  S t r ia t ions  were appa ren t  on some of the  finer s t r ands  
(Figs. 2 and  3). Some were rodl ike while others  a p p e a r e d  irregular ,  z ig-zagged and  even 
coiled. A spiral- l ike s t ruc tu re  was also observed  (Fig. 2). 

Changing the t e m p e r a t u r e  of the  HC1 to 4 ° or 27 ° C d id  not  app rec i ab ly  a l t e r  the  
p a t t e r n s  produced.  The effect of HC1 on the  D N P  was most  p ronounced  in the  concen- 
t r a t ion  range o. I  to i .o  M. Micrographs of D N P  t r e a t e d  with  o . I  M HC1 showed m a n y  
fibers or s t r ands  wi th  much  b ranch ing  and  crossing of the  s t rands .  However  few, if any,  
globules  were no ted  at  these intersect ions .  As the  concent ra t ion  of HC1 was increased 
the resul t ing  p a t t e r n s  had  more  and  more  globules at  the  intersect ions .  A change in the  
t au tness  or stiffness of the  fibers also seemed to occur. The more  concen t r a t ed  acid  
a p p e a r e d  to  have  increased the  r ig id i ty  of the  s t rands .  Micrographs  of D N P  t r e a t e d  wi th  
I . I O  -~ M HC1 were ident ica l  wi th  micrographs  of the  u n t r e a t e d  DNP.  Likewise when 
dis t i l led  wa te r  rep laced  the  HC1 the resu l t an t  p a t t e r n s  were s imi lar  to the  D N P  p a t t e r n s  
of Fig.  I .  Vary ing  the  t r e a t m e n t  of the  D N P  with  HC1 solut ions  from I M to 6 M pro-  
duced  e lec t ron  micrographs  showing fewer s t r ands  bu t  more  and  la rger  globules.  Dis-  
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Fig. 4. D X P - c o n t a i n i n g  grid washed  wi th  water ,  immer,~cd in a DNase  solut ion for 3o m i n u t e s  a t  
3 7 ° C  followed by  Na  c i t ra te  a t  room t e m p e r a t u r e  5 mi nu t e s  and  t h e n  rewashed,  air-dried, and  

shadowed.  (95,0o0 ×)  

integration of the Formvar film by 6 M HC1 treatment prevented the study of the effect 
of more concentrated HC1 solutions. 

Effect o/DNase. The filamentous network noted in Fig. I for non-treated DNP was 
not observed after DNase incubation of the DNP. Instead a mass of ill-defined particles 
of varying shapes and sizes (Fig. 4) were noted. 

Combined effect o/HCl and DNase. When a DNP-containing grid was incubated with 
DNase and then treated with I M HC1 as described above no strands, fibers or even 
threads were observed; instead many almost spherical particles of rather uniform size 
(from 15o to 45o A) were noted (Fig. 5). When the HC1 treatment preceded the DNase 
the resulting patterns (Fig. 6) resembled those obtained with the HC1 treatment alone, 
except that the shadows of the particles seen at the many intersections of the fibers 
were very much smaller and less pronounced. This loss of shadows is an indication that 
the spherical globules were changed by the DNase to flattened coin-shaped particles. 

DISCUSSION 

I t  is apparent that without any variation in either the method for the isolation of 
the DNP or the method for the precipitation and drying of the DNP a variety of electron 
micrograph patterns can be obtained. The freeze-drying technique has been favoured 
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Fig. 5- Same as Fig. 4 except that the citrate treatment was followed by immersion in i M HC1 
at 55 o C for 5 minutes. (50,000 x )  

by some investigators over the alr-drying method because of possible surface tension 
artefacts in the latter plocedure. However by variation of the hydrogen ion concen- 
tration to which the DNP was subjected previous to the air-drying procedure, patterns 
have been obtained which are very similar to those achieved by the freeze-drying tech- 
nique. The shadows observed in Fig. 3 for both the strands and the globules indicate a 
definite rope-like quality for the former and an almost spherical shape for the latter. 
It  is concluded, therefore, that the ionic nature of the material present on the electron 
microscope grid is more important in the determination of the shape of the DNP than 
surface tension forces possibly resulting from the drying procedure. The above results 
indicate that the DNP or DNA molecule changes in shape as a function of pH and/or 
ionic strength. These changes appear to progress with increasing HC1 concentration from 
long, indistinct, loose, twisted fibers to stiff, taut, rope-like structures and finally to 
globules. This may be interpreted as changes reflecting first the production of molecules 
of high net charge with the resultant high forces of repulsion between charged groups 
of the molecule (the stiff, taut, coiled fiber) followed by neutralization of these charges 
(loss of the tautness and formation of coils or globules). Recently, changes in the shape 
of serum albumin as a function of pH were reported by KLOTZ AND AVERS 1°. WEBER 11, 
using fluorescence polarization, reported similar observations on the change in shape of 
t h e  enzyme, fumarase. 
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Fig. 6. Same as Fig. 3 except that the acid treatment was followed by the DNase incubation as in 
Fig. 4. (50, °o0 ×) 

On the basis of X-ray studies, helical-chain, coiled structures for DNA have been 
postulated by WATSON AND CRICK TM and by PAULING AND COREY 13. Several investigators 
have reported the tendency for the DNA molecule to spiral, coil or twist ~,~. Though 
the spiraldike structure of Fig. 3 may be too large to be a single DNA or DNP molecule 
and though efforts to reproduce similar structures have been unsuccessful, it appears 
possible that with minor modifications of the techniques described above the postulated 
coiled structure for DNA may soon be verified by electron microscopy. 
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SUMMARY 

i. Procedures for the electron microscope s tudy  of the effects of HCI and DNase on D N P  
have been described. D N P  is precipitated from a i M NaC1 solution directly upon the electron 
microscope grid by  the addition of a drop of distilled water.  Excess salt is removed by t ransferr ing 
tile grid into a dish of distilled water,  Acid or enzyme t rea tment  of the D N P  is accomplished after 
the washing by  t ransfer  of the DNP-conta ining grid into the acid or enzyme solutions. 

2. Untrea ted  D N P  resulted in an ill-defined tree-like network of material.  DNase t r ea tmen t  
produced a mass of irregularly-shaped particles wi thout  any  network or connections. After the HC1 
t r ea tmen t  a very pronounced network of fibers with round masses at the intersections was observed. 
When HC1 t r ea tmen t  followed the enzyme action, only small round globules were observed. When  
the enzyme t r ea tmen t  followed the acid t r ea tment  the only noticeable difference was a change in 
the height of the round masses at  the intersections of the fibers. 

RI~SUMt~ 

i. Le pr6sent m6moire d6crit les proc6d6s employ6s pour  l '6tude des effets de HC1 et de la 
DNase sur  le D N P  au moyen du microscope 61ectronique. Le D N P  est pr6cipit6 d 'une solution I M 
NaCI directement  sur  la grille du microscope 61ectronique, par  l 'addit ion d 'une goutte  d 'eau distilMe. 
L'exc6s de sel est enlev6 en p laqant  la grille dans un plat  d 'eau distill6e. Le t ra i tement  A l'acide 
ou A l 'enzyme du D N P  s'effectue apr6s le lavage, en plaqant  la grille contenant  le D N P  dans la 
solution d'acide ou d 'enzyme.  

2. Le D N P  non trait6 r6sulta en un r6seau de mati6re, mal  d6fini et en forme d'arbre.  Le traite- 
merit A la DNase produisi t  une masse de particules de formes irreguli6res et sans r6seau ou connexions. 
Par  suite du t ra i tement  A I'HC1, un r6seau de fibres tr6s prononc6 fut observG contenant  des masses 
rondes aux intersections. Lorsque le t ra i tement  A I'HC1 avait  suivi Faction enzymatique,  de petites 
globules rondes furent  l 'unique r6sultat  observable. Lorsque le t ra i tement  ~ l 'enzyme avai t  suivi 
le t ra i tement  A l'acide, la seule diff6rence perceptible consiste en un changement  dans la hau teur  
des masses rondes aux  intersections des fibres. 

ZUSAMMENFASSUNG 

i. Es werden Verfahren ftir die elektronenmikroskopische Unte r suchung  der E inwirkung  yon 
HC1 und DNase auf D N P  beschrieben. D N P  wird durch Hinzufiigung eines Tropfen destillierten 
Wassers, aus einer i M NaC1 L6sung direkt auf  das Git ter  des Elekt ronmikroskop ausgefiillt: Der 
Salztiberschuss wird durch Einbringen des Gitters in ein destill. Wasser  enthal tendes Gefiiss entfernt .  
S/iure- oder Enzymbehand lung  der D N P  wird nach dem Waschen durch Einbringen des DNP-  
enthal tenden Gitters in eine S/iure- oder Enzyml6sung  erreicht. 

2. Unbehandel tes  D N P  ergab ein schlecht definiertes, baumar t iges  Netzwerk. DNase-Behand-  
lung erzeugte eine Masse unregelm/issig gestalteter  Teilchen ohne Netzwerk oder Verbindungen.  
Nach Behandlung  mit  HC1 wurde ein ausgesprochenes Fasernnetzwerk mit runden Massen an den 
Schni t tpunkten  beobachtet.  \Venn die HCbBehandlung auf die enzymatische E inwirkung  folgte, 
wurden nur  kleine runde Kfigelchen beobachtet .  Folgte die Enzymbehand lung  der S/iurebehandlung, 
dann bestand der einzige merkliche Unterschied in einer Anderung der H6he der runden Massen 
an den Schni t tpunkten  der Fasern. 
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