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Electron Microscopical  Evidence for Innervation of Chief Cells in Human Parathyroid G l a n d  

T h e  i n n e r v a t i o n  of t h e  p a r a t h y r o i d  g l ands  in  dogs  a n d  
ca t s  was  desc r ibed  b y  RAYBUCK 1 a t  t h e  l igh t  microscopic  
level.  H e  f o u n d  n e r v e  end ings  in  i n t i m a t e  r e l a t i onsh ip  
w i t h  t h e  cell  m e m b r a n e  of t h e  chief  cells. M a n y  e lec t ron  
mic roscop is t s  h a v e  m e n t i o n e d  u n m y e l i n a t e d  n e r v e  f ibers  
in  t h e  p e r i v a s c u l a r  spaces  of p a r a t h y r o i d  g l ands  in va r ious  
species,  i n c l u d i n g  m a n  ~-n,  b u t  t h e  t e r m i n a t i o n  of n e r v e  
f ibers  r e m a i n e d  unc lear .  N e r v e  e n d i n g s  a t  endoc r ine  pa -  
r a t h y r o i d  cells were  n o t  obse rved  6, 7, s. 

I n  our  s t u d y  ( p a r a t h y r o i d s  of 3 p a t i e n t s  w i t h  s e c o n d a r y  
h y p e r p a r a t h y r o i d i s m  a n d  3 p a t i e n t s  w i t h o u t  i m p a i r m e n t  
of ca l c ium me tabo l i sm) ,  we o f t en  found  u n m y e l i n a t e d  
n e r v e  b u n d e l s  jo in ing  t h e  b lood  vessels.  Gene ra l l y  t h e r e  
is a p a r t i a l  u n f o l d i n g  of a x o n s  w i t h i n  t h e  f ree  i n t e r s t i t i a l  
spaces  w i t h o u t  c o n t a c t  w i t h  ep i the l i a l  cells, f ib rob las to id  
cells, or  b lood  vesse l  cells. T h e  m o d e  of i n n e r v a t i o n  f o u n d  
in  a r t e r io les  is s imi l a r  t o  t h a t  f o u n d  in o t h e r  o r g a n s  :z. 

A d d i t i o n a l l y  we o f t en  found  a n  a p p r o a c h  of p r e t e r m i n a l  
n e r v e  f ibres  to  t h e  b a s e m e n t  m e m b r a n e s  of p a r a t h y r o i d  
chief  cells. T h e  p r e t e r m i n a l  axons  a re  r ich  in s y n a p t i c  
vesicles  a n d  n e u r o s e c r e t o r y  granules .  S o m e t i m e s  a close 
d i r ec t  c o n t a c t  of un fo lded  a x o n s  w i t h  chief  cells c a n  be  
d e m o n s t r a t e d  (Figure) .  T h i s  r e p r e s e n t s  t h e  morpho log ica l  

Parathyroid chief cell (PC) with adjacent axon bundle. Two axons 
(A1, A2) are in synaptic contact with the chief cell. F = fibroblastoid 
cell. × 19,000. 

a p p e a r a n c e  of a neu roep i the l i a l  synapse .  T h e  i n t e r s y n a p -  
t ic  space  m e a s u r e s  150 A. 

Th i s  m o d e  of i n n e r v a t i o n  in b lood vessels,  i n t e r s t i t i a l  
t i ssue a n d  especia l ly  neuroep i the l i a l  synapses  w i t h  chief  
cells, occurs  in  b o t h  n o r m a l  a n d  s econda ry  h y p e r p l a s t i c  
p a r a t h y r o i d  g lands .  A l t h o u g h  m o s t  work  i n d i c a t e s  t h a t  
p a r a t h y r o i d  a c t i v i t y  is p r e d o m i n a n t l y  r egu l a t ed  b y  
p l a s m a  ca l c i u m level  :°,is a n d  ca lc ium c o n c e n t r a t i o n  in  
t i ssue  cu l t u r e  m e d i u m  x*, t h e  d e m o n s t r a t e d  i n n e r v a t i o n  of 
p a r a t h y r o i d  chief  cells  m i g h t  h a v e  some s ignif icance for  
t h e  r egu la t ion  of endoc r ine  p a r a t h y r o i d  a c t i v i t y  a n d  endo-  
cr ine  cell m e c h a n i s m s .  T h e  f ind ings  are  of special  in te res t ,  
as HODGES a n d  GOULDI~ found  ev idence  for p a r t i a l  ner-  
vous  con t ro l  of a v i a n  u l t i m o b r a n c h i a l  body ,  t h e  o t h e r  
endoc r ine  o r g a n  i n v o l v e d  in ca l c ium me t ab o l i s m .  

Zusammenlassung.  E r s t m a l i g  w e r d e n  u l t r a s t r u k t u r e l l  
neuroep i the l i a l e  S y n a p s e n  v e g e t a t i v e r  N e r v e n  a n  d en  
H a u p t z e l l e n  y o n  N e b e n s c h i l d d r i i s e n  (Mensch) nachge-  
wiesen.  E ine  n e rv 6 s e  Bee in f lu s sung  de r  P a r a t h o r m o n -  
syn these  u n d  - sek re t ion  is t  d a h e r  m6gl ich .  
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Template  Preference of Polymerases  and its Relevance to Oncogenic RNA Virus Replication I 

R e c e n t  r epo r t s  of BALTIMORE 2, TEMIN a n d  MIZUTANI 3, 
SPIEGELMAN et  al. 4,5, ROKUTANDA et  al. e h a v e  caused  
g rea t  e x c i t e m e n t  because  i t  was  t h o u g h t  t h a t  t h e  v i ra l  
p o l y m e r a s e s  r e p r e s e n t e d  u n i q u e  e n z y m e s  f o u n d  on ly  in  
oncogenic  R N A  v i ruses  a n d  t h a t  t h e y  were  c o n t r a r y  to  
t h e  c e n t r a l  d o g m a  of mo lecu l a r  biology,  name ly ,  t h e y  were  
us ing  R N A  to  syn thes i ze  DNA.  Accord ing  to  these  r epor t s  
t h e r e  seemed  to  be  two  e n z y m a t i c  ac t iv i t e s  in  these  vi-  
r ions :  one  c a p a b l e  of s y n t h e s i z i n g  D N A  on  a n  R N A  t em-  
p l a t e  a n d  one  t h a t  could  use t h e  D N A - R N A  dup lex  

fo rmed  b y  t h e  f o r m e r  as a t e m p l a t e  to  syn thes i ze  a doub le  
s t r a n d e d  D N A  p r o d u c t .  T h e  p resence  of D N A  in these  
v i r ions  h a s  also b e e n  r e p o r t e d  L Some of t h e  r ecen t  in- 
v e s t i g a t i o n s  show d i f fe rences  e x h i b i t e d  b y  t he se  e n z y m e s  
in t h e i r  p r e f e r ence  t o w a r d  d e n a t u r e d  a n d  n a t i v e  D N A  
templa t eS ,  9. T h e  cause  of t h i s  e x c i t e m e n t  was  t h e  v iew 
t h a t  D N A  p o l y m e r a s e  can  on ly  use D N A  as t e m p l a t e  a n d  
will  on ly  p ro d u ce  a DNA- l ike  p roduc t .  Co n s eq u en t l y  a n  
e n z y m e  us ing  R N A  or R N A - D N A  h y b r i d  as t e m p l a t e  was  
cons ide red  u n i q u e  for oncogenic  R N A  viruses.  However ,  
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th is  v iew had  to  be a b a n d o n e d  when  i t  was  d e m o n s t r a t e d  
t h a t  non-oncogenic  viruses,  such  as Disno- and  Monkey  
F o a m y  viruses con ta in  s imi la r  enzymes.  L a t e r  t h e  pre-  
sence of s imi lar  e n z y m e s  were  d e m o n s t r a t e d  in no rma l  
an imal  t i ssues  1°. F u r t h e r m o r e ,  w h e t h e r  the re  real ly  are 2 
d i f fe ren t  e n z y m e s  or one enzyme  showing  d i f fe ren t  
t e m p l a t e  specif ici t ies  due  to  t he  presence  of  virus  coded  
fac tors  and  w h e t k e r  these  ac t iv i t ies  are  exh ib i t ed  b y  vira l  
coded  enzyme(s)  or b y  hos t  enzyme(s)  as well as t he  func- 
t ion of viral  D N A  rema in  obscure  a t  t he  presen t .  

Here  we descr ibe some of our  obse rva t ions  which  indi-  
ca te  t h a t  t e m p l a t e  preference  of an  enzyme  can change  
spon taneous ly  or can  be m a n i p u l a t e d  at  will. The  enzyme  
in ques t ion  is calf  t h y m u s  D N A  po lymerase  (CT-DPe) 
which  has  been  s tud ied  r a the r  exens ive ly  dur ing  the  pas t  
decade  and  i ts  m o s t  p r o m i n e n t  charac te r i s t ic  was  r epo r t ed  
to  be i ts  absolu te  preference  for single s t r a n d e d  D N A  
(ss-DNA) t e m p l a t e  n ,  1~. 

Experimental .  The  enzyme,  dissolved in 50% glycerol  
con ta in ing  0 .01M p h o s p h a t e  buf fe r  p H  7.0, was  k ind ly  
furn i shed  b y  Dr.  J .  J. FURTH of t h e  D e p a r t m e n t  of 
Pa tho logy ,  School  of Medicine,  U n i v e r s i t y  of Pennsy l -  
vania .  N o r m a l  and  labeled deoxynuc leos ide - t r i phospha te s  
were o b t a i n e d  f rom Schwarz-Mann,  Orangeburgeburg ,  
N.Y.,  all o the r  chemicals  were ana ly t ica l  r eagen t  grade.  
Assay  condi t ions  are given unde r  Tables.  

Results. The  e n z y m e  w h e n  i t  was f i rs t  ob t a ined  (Sum- 
mer  of 1969) showed  a def in i te  preference  for ss-DNA, 
however ,  incorpora t ion  of ~H-TTP a m o u n t i n g  up  to  20% 
of s s -DNA was also ob ta ined  while using double  s t r a n d e d  
D N A  (ds-DNA) as t e m p l a t e  (Table I, A). The same enzyme,  
a b o u t  1 yea r  a f t e r  it  was ob ta ined ,  showed an u n e x p e c t e d  
change  in t e m p l a t e  preference  (Table 1, t3). Dur ing  th is  
per iod  the  e n z y m e  was  kep t  a t  -17  °C w i thou t  undergo ing  
t r e a t m e n t .  

To  f ind  ou t  w h e t h e r  th i s  change  could be  reversed  b y  
ce r t a in  t r e a t m e n t s ,  a l iquots  of t he  e n z y m e  were t r e a t e d  
wi th  urea  and  E D T A .  T r e a t m e n t  w i t h  721// urea  caused  a 
revers ion b a c k  to  s s -DNA preference  b u t  over  95% of en- 
zyme  a c t i v i t y  was  lost  du r ing  th is  t r e a t m e n t .  On the  o t h e r  
h a n d  dia lys is  aga ins t  1 × 10-~M E D T A  for 48 h has de- 
f in i te ly  caused a change  of t e m p l a t e  preference  in favor  
of s s -DNA (Table II) .  

E x p e r i m e n t s  pe r fo rmed  on a commerc ia l ly  avai lable  
M.  luteus D P e  also show t h a t  i t  is possible  to  affect  t he  
t e m p l a t e  preference  of th is  enzyme.  I t  is possible  to  sh i f t  
t he  preference  of the  e n z yme  toward  more  eff ic ient  use of 
s s -DNA by  dia lyzing i t  aga ins t  E D T A  and  then  to  br ing  
i t  back  to  d s - D N A  preference  by  keeping  t h e  d ia lyzed 
e n z y m e  in t he  presence  of 1 M  sucrose, 1 M  NaCI or 50% 
glycerol. This  e n z y m e  can also uti l ize yeas t  R N A  as a 
t e m p l a t e  in. 

Discussion. In  1962 BERG et  alA 4 h a v e  d e m o n s t r a t e d  
t h a t  a mere  change  f rom Mg ++ in  t h e  assay solution,  was  
suff ic ient  for t he  incorpora t ion  of r ibonuc leo t ides  on to  the  
growing cha ins  of DNA.  A low molecu la r  we igh t  glyco- 
pep t ide  t h a t  we have  isolated f rom Ehr l i ch  asci tes f luid of 
mice, which  we bel ieve is the  in i t ia tor  of D N A  repl ica t ion  15, 
s t imula tes  the  incorpora t ion  of R N A  precursors  by  c rude  
as well  as pa r t i a l ly  purif ied D N A  d e p e n d e n t  R N A  poly-  
merase  (D-RPe) .  The  same fac tor  can  also induce CT-DPe  
to  util ize s s - D N A  1.5-2 fold b e t t e r  1~. These  obse rva t ions  
indica te  a r a t h e r  close re la t ion  be tween  D N A  and  R N A  
syn theses  by  E.  coli D N A  d e p e n d e n t  D N A  po lymerase  
(D-DPe) .  

In  1964 LEE HUANG and  CAVALIER117'1s h a v e  isolated 
an  e n z y m e  f rom E.  coli, which  was  shown to  syn thes ize  a 
double  s t r a n d e d  po lymer ,  one s t r a n d  of which  was ribo- 
and  the  o the r  s t r a n d  deoxyr ibonuc leo t ide  po lymer .  More- 
over,  th i s  enzyme,  which  was  n a m e d  h y b r i d  po lymerase ,  

has  been  shown to  syn thes ize  D N A  like molecules  on a 
r ibonuc leo t ide  t empla t e .  I t  was  also d e m o n s t r a t e d  t h a t  
ageing and  t r e a t m e n t s  known  to  dissocia te  p ro t e in  snb-  
un i t s  caused  a decrease  of h y b r i d  a c t i v i t y  w i t h  a con- 
c o m m i t a n t  increase of D - D P e  and  D - R P e  act ivi t ies .  CA- 

Table I. Incorporation of aH-TTP by fresh and aged CT-DPe using 
native and denatured DNA templates 

cpm/30 rain/100 ~ protein 

1969 ssDNA dsDNA 
A) Experiment 1 9,245 1,860 

Experiment 2 5,631 1,507 
1970 ssDNA dsDNA 

B) Experiment 1 6,725 7,890 
Experiment 2 5,700 7,640 

The assay solution contained, in a final volume of 0.5 ml. 0.02 ml of 
1M glycine buffer (ph 8.0), 0.01 ml of 0.05M MgCI2, 0.01 ml of 
0.1 M ~ mercaptoethanol, 0.05 ml of 0.001 M deoxynucleoside-tri- 
phosphates, 0.05 ml of 3H-TTP (107 epm/ml), 0.05 ml of 0.5 mglml 
DNA, 0.01 ml of enzyme (100 y). The mixture was incubated at 37 °C 
for 30 rain, was cooled in ice, 0.2 ml of the mixture was applied onto 
filter paper discs, dried in warm air. 
Paper discs were treated twice with ice cold 10% TCA, then washed 
twice with 5% ice cold TCA, twice with 95 ETOtl for 10 rain and once 
with ethyl ether, dried and counted in a Triearb scintillation spectro- 
meter using thixotropie gel. 

Table II, Incorporation of 8H-TTP by aged CT-DPe after dialysis 
against EDTA 

cpm/30 rain/100 y protein 

ssDNA dsDNA 
Experiment 1 3,490 2,005 
Experiment 2 833 622 

The enzyme was dialyzed for 48 h against 0.05M iris (pH 7.7), 
5.10 -a M fl mereapto ethanol and I × 10 -a M EDTA. 0.01 ml of enzyme 
solution was then assayed as given under Table I. 
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VALIERI had proposed t h a t  bo th  D - D P e  and D - R P e  were 
mul t iun i t  enzymes.  KEIR 19 also suggested a mul t iun i t  
s t ruc ture  for D - D P e  according to  his studies of Land-  
schutz  ascites t u m o r  D-DPe .  

In  v i ew of these  observa t ions  i t  appears  safe to  say tha t  
C T - D P e  showing ss -DNA preference migh t  be an a r t i fac t  
of isolation, par t icu la r ly  since the  presence of s s -DNA has 
so far  no t  been demons t r a t ed  in l iv ing cells. In  o ther  words 
the  isolated enzyme is p robab ly  the  enzymat ica l ly  ac t ive  
subuni t  of the  so far  no t  isolated ' na t ive  form'  of the  en- 
zyme 2°. I t  is qui te  l ikely t h a t  dur ing the  pur i f ica t ion  
of the  enzyme  a crucial  subunit ,  the  funct ion  of which is 
to hold enzymat ica l ly  ac t ive  subuni ts  toge ther  in a cer- 
ta in  spat ia l  conformat ion,  is being lost. The  ear ly  work on 
E. coli D - R P e  is a case in po in t  ; the  a fac tor  had eluded the  
researchers for a long t ime.  QB replicase was also shown to 
consist  of 3 host  and 1 v i ra l  specific po lypept ide  chains 
w i t h  a t  least  one of the  hos t  subuni ts  shown to  be essential  
for enzyma t i c  ac t iv i ty  ~x. Hence,  in t e rp re ta t ion  of results  
based on a p rope r ty  t h a t  can easily change spontaneous ly  
or  can  be man ipu la t ed  a t  will should be  m a d e  wi th  grea t  

caution.  I t  should no t  be too surpris ing if the  enzyme(s) 
found in oncogenic R N A  viruses will  t u r n  ou t  to be of hos t  
origin being modi f ied  by v i ra l  coded factors.  

ZusammenJassung. D N S - P o l y m e r a s e  aus K a l b s t h y m u s  
(i n50%-Glycer in -ha l t igem Puffer  gel6st) zeigt bei  Ki ih lauf-  
bewahrung  Al t e rung  m i t  Anderung  ihrer  Templa t e -P r~ -  
ferenz yon e ins t rangiger  zu doppels t rangiger  D N S .  
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C y t o p h o t o m e t r i c  S t u d i e s  o f  t h e  C o u r s e  o f  t h e  S P h a s e  i n  P H A  S t i m u l a t e d  L y m p h o c y t e s  

Studies  m a d e  by  var ious  authors  have  shown t h a t  
there  are obvious  differences in the  course of the  S 
phase in di f ferent  kinds of cells. The  present  authors,  
by  cy topho tomet r i c  measuremen t s  and by  a de te rmina-  
t ion of mi tosera tes ,  made  an a t t e m p t  to s tudy  the  s i tua-  
t ion wi th  respect  to l ymphocy te s  in a t issue cul ture  sub- 
sequen t  to  P H A  s t imula t ion .  2 ml  of a l eukocyte  suspen- 
sion (800,000/ml) were incuba ted  a t  37°C in Eag le ' s  
m e d i u m  conta in ing  20% of autologous  p lasma  af ter  
add i t ion  of 0.2 ml  of P A H - M  to  10 ml  of cul ture  medium.  
F o r  one thing, t h e  mi tosera tes  were  de te rmined  wi th in  
72 and  76 h af ter  the  shor t - t ime  (15 min)  ac t ion  thereon  
of colchicine by count ing  5000 cells per  cul ture  ( total ing 
40,000 cells) ; and, for another ,  t h e y  were measured  76 h 
a f te r  p repa ra t ion  and subsequent  to a prolonged (4-h) 
t r e a t m e n t  w i th  colchicine. C y t o p h o t o m e t r y  was per- 
formed wi th  a recording c y t o p h o t o m e t e r  1 (which was 
designed by  the  authors)  using the  scanning me thod  a t  
575 nm. The  formal in-f ixed streaks were s ta ined by  
Feu lgen ' s  me thod  m a k i n g  use of a 35-min cold hydro-  
lysis a. A to t a l  of 800 cell nuclei  were measured.  The  
de t e rmina t ion  of mi tosera tes  m a d e  72 and 7 6 h  af ter  
shor t - t ime  ac t ion  thereon of colchicine gave  s imilar  
va lues  (the m e a n  vatues  being 20.45°I0o and  25.50/0o, 
respect ively) ,  while,  in those  cases in which colchicine 
was al lowed to  ac t  thereon  for 4 h, t he  mitoses  were  
found to  h a v e  doubled,  t he  mean  va lues  being of the  
order  of 40.50/oo. Our  ka ryopho tome t r i c  results  have  
been p lo t t ed  in the  form of karyograms,  showing the  
f requency  as a funct ion of the  re la t ive  D N A  con ten t  in 
a rb i t r a ry  uni ts  (AE). Here,  we usua l ly  found a d is t inct  
i n t e rmed ia ry  peak  in add i t ion  to the  high peak  of diploid 
cells and t i le  low peak of t e t rap lo id  cells. SANDRITTER ~ 
has  g iven a scheme for prol i fera t ing  t issue (lower half  
of the  Figure),  showing how the  length of the  G 1 phase 
corresponds to the  level  of the  diploid peak  in the  karyo-  
g ram and how the  level  of the  te t rap lo id  peak  corre- 
sponds to  the  dura t ion  of G2. The  in t e rmed ia t e  values  
correspond to  t he  S phase which,  in this  scheme, is 
assumed to  show a cont inuous  increase. Our  s tudies 
h a v e  shown tha t ,  so far  as P H A - s t i m u l a t e d  lymphocy te s  
are  concerned,  the  s i tua t ion  is obv ious ly  qui te  di f ferent  
(upper ha l f  of t he  Figure).  The  high peak  be tween  diploid 

and te t rap lo id  values  is expla ined  by  assuming a decrease 
in the  ra te  of synthesis  of D N A  in the  middle  of the  
S phase, This  has been shown d i ag rammat i ca l l y  in the  
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Relation between the course of DNA synthesis and DNA karyogram. 
Lower part: proliferating tissue with continuous S phase (according 
to SAnORITTER3). Upper part: Discontinuous S phase in PHA 
stinmlated lymphoeytes in tissue culture. 


