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of t he  t e t r acyc l ine  is some 1/2 A ou t  of c o n t a c t  w i t h  t h e  
2 pos i t ion  of t h e  pur ine .  The  O H  in th i s  pos i t ion  in oxy-  
t e t racyc l ine ,  m e t h a c y c l i n e  and  deoxycyc l ine  is no t  w i t h i n  
H - b o n d i n g  d i s t ance  f rom the  guan ine  2 H N - g r o u p  a n d  
t h e  CH in th i s  pos i t ion  in te t racyc l ine ,  ro l i t e t racy l ine ,  
ch lo r t e t r acyc l ine  a n d  demeclocycl ine  is l ikewise no t  in  
l ipophi l ic  c o n t a c t  w i t h  t he  2 CH group  of adenine .  
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Fig. 1. A composite tetracycline (including all the active groups of the 
tetracyclines listed in GOOD~AN and GILLMAX a. The suggested mode 
of binding is indicated as numbered in the text. The molecule is 
turned over relative to its normal presentation in line formulae. 

The  general  ' f i t '  is e x t r e m e l y  precise w i t h  cor rec t  b o n d  
angles  m a i n t a i n e d  in all  cases. E v e r y  O H  group  is used 
as a n  H - b o n d  donor .  The  on ly  groups  n o t  ac t ive ly  i nvo lved  
in h y d r o g e n  b o n d  or ionic i n t e r ac t i o n s  are t h e  C 1 = 0 a n d  
t h e  amide  group on 2 ( these groups  m a k e  a v a n  der  W a a l s '  
c o n t a c t  w i t h  the  pu r ine  ~ clouds).  Thus  t h e  t e t r acyc l ine  
b inds  b y  6 h y d r o g e n  bonds ,  1 ionic b o n d  a n d  va r ious  
l ipophi l ic  bonds  an d  weak  in te rac t ions .  

A n  a l t e r n a t i v e  s i te  is p r o v i d e d  b y  a s t r a n d  of R N A  in 
the  ful ly e x t e n d e d  c o n f o r m a t i o n  (2Gs) b o u n d  to p r o t e i n  
(-Glu-x-Glu-) b y  2 G-Glu  ion-dipole  bonds .  I n  th i s  case 
the  10 O H  an d  6 O H  b i n d  to Glu Os an d  C7 a n d  9 l ipo- 
phi l ic  b o n d s  are to  Glu m e t h y l e n e s  a n d  t h e  C 8 l ipophi l ic  
b o n d  to t h e  ~ CH of x. 

A complex  p ro t e i n  s t r u c t u r e  could be  der ived  based  on  
2 para l l e l  f i-pleated cha ins  cross l inked  b y  on e Arg-Glu  
l ink  plus  one or more  a d d i t i o n a l  cha ins  to  p rov ide  b i n d i n g  
si tes for t h e  12-1 OH, t h e  basic  N H +  a n d  t h e  6 O H  groups  
wh ich  c a n n o t  be  a c c o m m o d a t e d  on  ti le f i rs t  s t ruc tu re .  

Discussion. This  precise f i t  descr ibed  is n o t  a t t a i n a b l e  
on  al ly o the r  s t r u c t u r e  i nvo lv ing  RNA.  A m a n a t i n  h a s  a 
s imi la r  precise s t e reochemica l  r e l a t ionsh ip  to a s eg men t  
of R N A  (or complexed  i n d i v i d u a l  nucleot ides)  b o u n d  to  
p ro t e in  3. T h e  R N A  sequence  requ i red  is 3 aden ines  an d  
t h e  p ro t e i n  sequence  is -Gin-x-Gin-x-Gin- .  I n  t h i s  case 
d o u b l e - s t r a n d e d  R N A  will  n o t  do. R ibosomes  could also 
h a v e  a s eg men t  of R N A  b o u n d  to  p ro t e i n  in  a c o m p a r a b l e  
m a n n e r  (G-Glu in place  of A-GIn).  A l t e r n a t i v e l y  t h e  
' r ecep to r '  for t e t r acyc l ines  could be  co n s t ru c t ed  en t i r e ly  
f rom R N A  (double  s t r a n d e d  G C : G C  or G C : A U ) .  This  
s t r u c t u r e  could be  loca ted  in or  a d j a c e n t  to  t h e  b i n d i n g  
si te  for a m i n o a c y l  t - R N A  so t h a t  o c c u p a n c y  b y  t h e  
t e t r acyc l ine  b locks  t h e  b i n d i n g  of t i le l a t t e r .  I t  would  be  
of in t e res t  to  explore  t h e  r e l a t ionsh ip  b e t w e e n  t h e  
s t ruc tu res  we h a v e  descr ibed  an d  t - R N A .  

Rdsumd. L 'usage  de modules  mol6cula i res  C P K  p e r m e t  
de c o m p a r e r  la s t r u c t u r e  des mol6cules de Ia t6 t r acyc l ine  

celle des mol6cules du  RNA.  I1 est  sugg6r6 que le s i te  
r6cepteur  de la t6 t r acyc l ine  sur  le r i bosome  c o m p r e n d  soft  
du  R N A  ~ double  tresse,  d o n t  les r a d i c a u x  form6s p a r  
GC/GC ou GC/AU,  soft  u n  complexe  R N A / p r o t 6 i n e  
s t 6 r 6 o c h i m i q u e m e n t  ana logue  au  p r6ceden t  ou ~ la por-  
t ion  CC (ou CU) du  RNA.  I1 p e n t  enf in  6tre  r empiac6  p a r  
une  p o r t i o n  i somorph ique  de p ro t6 ine  a y a n t  une  s6quence 
aminoac id ique  tel le  que Glu-x-Glu  (ou Glu-x-Gln) .  

J. R. SMYTHIES 5, F. BENINGTON a n d  R. D. MORIN 

Department of Psychiatry and the Neuroscience Program, 
Universily o/Alabama, 1919 Seventh Avenue South, 
Birmingham (Alabama 35233, USA), 30 March 7972. 

Fig. 2. A CPK model of the proposed mechanism of binding of tetra- 
cyelines to the ribosome. 
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A Model  For  I n v e s t i g a t i n g  E r y t h r o p o i e s i s  1 

Basic  models  showing  t he  f eedback  c i rcui t  respons ib le  
for  t he  r egu la t ion  of red cell p roduc t ion ,  h a v e  been  
cons t ruc t ed  f rom the  resul t s  of i nves t i ga t i ons  conce rn ing  
erythropoies is .  The  mode ls  are  con t i nua l l y  be ing  modi-  
fied 3-4, since ce r t a i n  factors,  once t h o u g h t  to  be  t he  source 
of e r y t h r o p o i e t i n  h a v e  no  e ry th ropo ie t i c  a c t i v i t y  5. 

A l t h o u g h  t h e  role of e r y t h r o p o i e t i n  in  t h e  r egu la t ion  of 
red  cell d e v e l o p m e n t  is well  es tab l i shed ,  t h e  processes  of 
p r o d u c t i o n  an d  release r e m a i n  unclear .  T h e  resu l t s  of 
ear ly  i nves t i ga t i ons  suggested  t h a t  e r y t h r o p o i e t i n  is 
p roduced  b y  t h e  k i d n e y  6, v, a n d  t h a t  i t s  s i te  of ac t ion  is t h e  
bone  m a r r o w  s t e m  cellS, 9. I t  is n o w  t h o u g h t  t h a t  e ry th ro -  
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poie t in  fo rmed  in the  k idney  is in a l ipid bound  inac t ive  
form and released by  a se rum factor  ~~ Fu r the rmore ,  i t  
seems t h a t  the  act ion of e ry th ropo ie t in  is only on ery- 
th ro id  c o m m i t t e d  s t em cells ~. The p resen t  s t u d y  by  
BOYD 12-16, s t rongly  suggests  t h a t  e ry th ro id  c o m m i t t e d  
cells are mesodermal  in origin and  are p resen t  in m a n y  
organs (liver, hear t ,  kidney,  testis ,  ovary,  spleen, bone 
marrow,  brain,  walls of b lood vessels, etc.). 

Two schools of t h o u g h t  can be culled f rom the  l i tera- 
ture.  One suggests  t h a t  the  centra l  nervous  sys t em 
provides  a r ich n e t w o r k  of a u t o n o m i c  f ibers to haemo-  
poiet ic  organs  ~v-~; t he  o the r  associates  ho rmona l  factors  
wi th  e ry thropoies is  22-~4. E a c h  school suppo~:ts i ts  case 
w i th  cri t ical  evidence;  for example ,  cer ta in  s tudies  show 
t h a t  h y p o t h a l a m i c  s t imula t ion  ~-2~; as well as s t imula t ion  
of the  midbra in  ca, increases e ry th ropo ie t i c  ac t iv i ty .  
Al though  d i spu ted  by  some inves t i ga to r s~ ,  ~s, o thers  
indica te  t h a t  sera f rom h y p o t h a l a m i c  s t imula ted  animals  
p roduce  an increase in red cell mass  and  radioi ron incorpo- 
ra t ion  in to  newly  formed red b lood cells ~ - ~ .  

Recen t  paper s  by  BOYD are t he  f i rs t  to  associate  the  
h y p o p h y s e a l  i n t e rmed ia t e  lobe wi th  erythropoies is ,  and  to  
suggest  t h a t  the  re la t ionsh ip  of t he  h y p o t h a l a m u s  to  t he  
i n t e rmed ia t e  lobe p lays  a leading role in th is  phenomenon .  
H y p o t h a l a m i c  i n t e rmed ia t e  lobe f ibers  are readi ly  
demons t r ab l e  in t h e  bovine  g land and  the  l i t e ra ture  cites 
m a n y  i m p o r t a n t  references po in t ing  out  th is  re la t ionship  
in m a n y  o ther  animals  ~-"". One in te res t ing  repor t  a0 
suggests  t h a t  t he  e ry th ropo ie t i c  effect  by  hyp0 tha l amic  
s t imula t ion  is m ed i a t ed  by  way  of t he  p i tu i t a ry  relase of 
ACTH. This suggest ion seems n o t e w o r t h y  since i t  has  been  
discovered t h a t  t he  i n t e rmed ia t e  lobe conta ins  ACTH 
produc ing  cells a~-a~, and  t h a t  i n t e rmed ia t e  lobe MSH,  a 
polypept ide ,  has  inhe ren t  ACTH act iv i ty .  These d a t a  are 
s ignif icant  for ACTH is a known  e ry thropoie t i c  s t imu-  
lan t  es ,~-~ ,  and evidence shows t h a t  t he  cor t ico t rop in  
releasing ac t iv i ty  of the  h y p o t h a l a m u s  ~6 s t imula tes  
ACTH produc t ion  ~". The con ten t ion  t h a t  i n t e rmed ia t e  
lobe cells produce  ACTH or ACTH-l ike  substances ,  is in 
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sharp  con t ras t  to the  well accepted  idea t h a t  ACTH 
produc t ion  is associa ted wi th  the  cells in t he  anter ior  lobe. 
The confusion concerning the  locat ion of ACTH produc ing  
cells in the  h y p o p h y s i s  m a y  well s t em f rom studies  of 
ear ly  inves t iga tors  who made  no clear d i s t inc t ion  be tween  
the  anter ior  and  in t e rmed ia t e  lobe. Other  p e r t i n e n t  d a t a  
show t h a t  i n t e rmed ia te  lobe ceils and in t r ag landu la r  
colloid give a posi t ive  PAS-reac t ion ,  indica t ive  of glyco- 
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prote in  4~ This is credible since i t  has been demons- 
t r a ted  t h a t  h ighly  purif ied preparat ions,  g lycoprote in  in 
nature,  wi th  no lipid fract ion are capable  of ini t ia t ing the  
dif ferent ia t ion and subsequent  ma tu ra t i on  of red ceil 
precursors f rom pr imi t ive  mesel lchyme.  

The above ment ioned  facts are cont inual ly  appear ing 
ill the  l i terature,  and correlate  qui te  closely wi th  the  more 
per t inen t  features in the  present  s tudy  1~-16, 43. 

Although  the  in te rmedia te  lobe has not  been implicated,  
heretofore,  in the  normal  sequence of events  associated 
wi th  red blood cell product ion,  this  s tudy  places the  lobe 
wi th in  a central  nervous  sys tem hormonal  complex.  I t  is 
suggested tha t  under  the  influence of the  hypotha lamus ,  
the  in te rmedia te  lobe undergoes degenera t ion  and auto-  
lysis result ing in the  format ion  of in t raglandular  colloid. 
The  colloid passes into the  venous circulat ion of the  
cavernous sinuses by  way  of well  defined capsular  clefts. 
Wi th in  the  circulation, colloid components  (possibly 
ACTI-I or ACTt l - l ike  substances) e i ther  d i rec t ly  induce 
red blood cell product ion,  or ac t iva tes  e ry thropoie t in  
which ini t iates this  phenomenon.  Proper ly  s t imula ted  
erythroid  commi t t ed  cells different ia te  and prol iferate  
along the  red blood cell line. 

A working model  (Figure) was const ructed f rom these 
data.  The  present  mode l  is designed to inves t igate  erythro-  
poiesis and makes  no a t t e m p t  to replace any previous 
models  for the  regula t ion of red blood cell product ion.  
Al though  the  process or processes concerning the  produc- 
t ion of e ry thropoie t in  are unknown,  the  model  suggests 
t h a t  inac t ive  e ry thropoie t in  ei ther  stored (kidney, liver, 
etc.) or circulating,  is ac t iva ted  ei ther  by  a sudden demand  
for an increased number  of c i rculat ing red blood ceils or 
by  mechanisms regulat ing the  normal  tu rn-over  ra te  of 
red blood cells. 

The model  is main ta ined  in a s teady  s ta te  by oxygen  
sensors. They  are sensitive, for example,  to a decrease in 
circulat ing red blood cells, a decrease in oxygen  carrying 

capac i ty  of blood, a decrease in tissue tension of oxygen,  
etc, Thus, an immedia t e  demand  for c i rculat ing red blood 
cells caused by  a rapid shift  in the  sensors, d i rect ly  
ac t iva tes  e ry thropoie t in  or like substances.  The  opera t ion  
of the  sensors dur ing the  normal  course of regulat ing red 
blood cell p roduct ion  is t hough t  to be th rough  cer ta in  
hypo tha lamic  centres, which in tu rn  control  the  cyclic 
behavior  of the  in te rmedia te  lobe. This results in the  
format ion of in t raglandular  colloid. Components  of the  
colloid wi th in  the  circulat ion ac t iva te  e ry thropoie t in  or 
like substances. In  turn,  erythroid  commi t t ed  ceils wi th in  
a large number  of organs different ia te  and proliferate 
along the  red blood cell line, and at  speeds necessary to 
sat isfy the  requi rements  of the sensors. Once accomplished,  
on the  one hand, e ry thropoie t in  is inact iva ted ,  and on the 
other,  the  hypo tha lamus  is inhibi ted.  

Zusammen/assung. Ein  Modell zur Unte r suchung  der 
Ery thropoese  zeigt zwei Haup tmerkma le .  Ers tens  akti-  
v ie r t  eine schnelle Vergnderung der Sauerstoffsensoren 
unmi t t e lba r  das gespeicherte und das im Umlau f  befind- 
liche Ery thropoe t in .  Zweitens w i r d  der normale  Verlauf  
des Umsatzes  von  roten Blu tk6rperchen  durch die Sauer- 
stoffsensoren beeinflusst ,  die die Hypo tha lamuskon t ro l l e  
des zykl ischen Verhal tens  des Hypophysenzwischen-  
lappens und seiner innerdrfisl ichen Kol lo idprodukt ion  
steuern. 
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P R O  E X P E R I M E N T I  S 

Separation of Fast and Slow Components  of S-100 Protein by Column Electrophoresis  with Continuous 
Buffer System and Application to Micro Electrophoresis 

The S-100 protein is a defined and bra in  specific pro- 
tein. Correlat ions be tween  the  protein and neural  funct ions 
are supposed bu t  no t  ye t  certain.  For  the  phys iochemical  
s tudy  of neural  functions,  micro analyt ica l  methods  at  the  
cellular level  are va luable  because of the  highly differen- 
t i a ted  s t ructure  and funct ion in the  central  nervous  tissue. 

W i t h  regard to the  separat ion of the  S-100 protein,  
UYEMURA et al. 1 t r ied  slab electrophoresis of mixed  
agarose acry lamide  gel wi th  cont inuous buffer  sys tem 
and obta ined  much  be t te r  results  in comparison wi th  
tha t  of s tarch gel electrophoresis  =. According to the  former  
e lectrophoret ic  systems, bra in  S-100 was separated into a 
fast  and a slow migra t ing  fraction.  Ident i f ica t ions  of the  
fract ions have  been detai led 1, a-7. In  the  present  paper,  an 
appl icat ion of the  me thod  to micro disc electrophoresis  is 
described. 

Materials and methods. Cats were anes thet ized  wi th  so- 
d ium pen tobarb i ta l  and rats  were killed by  decapi ta t ion.  
The brains were rapid ly  obta ined  after  extens ive  cranio- 
t o m y  and separa ted  respect ive ly  into forebrain,  brain stem. 
and cerebellum. These bra in  samples were homogenized in 
a Teflon homogenizer  wi th  2 vo lumes  of Tris-phosphate 

buffer 5 m M  (pH 7.1) and centr i fuged at  10,000 •  for 
30 min. Before use the  superna tan t  was colored wi th  a 
small  a m o u n t  of b romphenol  blue (BPB) and used as a 
sample  for electophoresis.  E x t r a c t s  f rom other  organs of 
cat  were prepared in the  same way. In  order to ob ta in  
micro samples for micro electrophoresis  fresh cells or small  
pieces (approximate ly  1 b~g of wet  wt.) of t issue in identi-  
fied locations were dissected f rom brain  slices (1.5 m m  
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