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g e o g r a p h i c  e v i d e n c e  o f  t h e  h y p o t h e s i s  we  h a v e  p u t  
f o r w a r d  Sl. 

L e a v i n g  o p e n  t h e  q u e s t i o n  of  t h e  a c t u a l  d a t e  of  t h e  
p e n e t r a t i o n  o f  t h e  a n c e s t o r s  of  t h e  s u b g e n e r a  Citellus 
(s. str.) a n d  Colobotis i n t o  t h e  P a l e a r c t i c ,  we  m u s t  a c c e p t  
t h a t  t h e  N o r t h  A m e r i c a n  l o n g t a i l e d  g r o u n d  s q u i r r e l s  h a v e  
m i g r a t e d  t o  A s i a  a c r o s s  t h e  B e r i n g  l a n d  b r i d g e  d u r i n g  
a t  l e a s t  t w o  d i s j u n c t  p e r i o d s  ~2. 

BbIBO~IbI Citellus (s. str.) relictus, C. dauricus C. pygmaeus 
o6:ia~lamw HJIeHTHqHbIMH KapHoT~naMH (2n  = 36, N F  = 72). 
F p y n n a  C. (Colobotis) erythrogenys H C. fulvus OTJiilqaeTc~t 
OT 3THX BH~0B JIHIIIb HeaHaqHTe~bHblMH paa~HqH~MH B qbopMe 
y-xp0~a0COMb~, tZapHoTmI C. (Urocitellus) undulatus (2n = 32, 
N F  = 64) CylI~eCTBeHHO OTYIHqaCTC~I OT Bcex OHHCaHHbIX Bblme 
BH~0B HO H}IeHTHqeH KapHOTI4rly C. columbianus. O6cy>K- 
~aIOTC~I HpHqHHbl KapHOJIOFHqeCKO!4 FOMOFeHH0CTH 60JIblI/HH- 
CTBa CoBpeMeHHblX a3HflTCKHX Citellus, xapaKTepH3yfoI~HXC~I 
aJI~OIIaTpHqeCKHM pacllpOCTpaHeHHeM, B cpaBHeHHH C Heap- 
KTI~qeCKHM~ Citellus, xapaKTepH3y~muMHCS IIIHpO~HM pac-  

npocTpaHeHHeM CHMHaTpHH H pe3KHMH pa3~HHH~MH B CTpOe- 
HHH XpOMOCOM. COHOCTaB~g~TCfl ~HTO~0FHqecKHe~ 300Feo- 
rpa~HqecKHe H Ha~eOHTO~OFHqecKHe RaHHMe HO 3BOrOUgH 
cyc~HKOB. 
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PRO EXPERIMENTIS 

A Nylon Reograd Rotor Embodyin~ New Principles 

ANDERSON e t  al. 1 i n t r o d u c e d  t h e  p r i n c i p l e  of  t h e  
r e o r i e n t i n g  g r a d i e n t  ( r eograd)  ro to r .  T h i s  r o t o r  was '  s u b -  
s e q u e n t l y  s u p e r c e d e d  b y  t h e  c o n t i n u o u s  f low a n d  t h e  
l a rge  sca le  g r a d i e n t  r o t o r s  (as m a n u f a c t u r e d  b y  B e c k m a n  
I n s t r u m e n t s  I n c o r p o r a t e d ) .  A d e t a i l e d  r e v i e w  o n  t h e  
a p p l i c a t i o n  of  z o n a l  c e n t r i f u g a t i o n  m a y  be  f o u n d  in  t h e  
S p i n c o  D S 3 2 6  b r o c h u r e  e n t i t l e d  ' L a r g e - s c a l e  Z o n a l  R o t o r s  
for  u s e  in  t h e  B e c k m a n  P r e p a r a t i v e  U l t r a c e n t r i f u g e s ' .  

T h e  r e o g r a d  r o t o r  w a s  r e i n v e s t i g a t e d  in  t h i s  l a b o r a t o r y  
a n d  i t  w a s  f o u n d  t h a t  a f t e r  t h e  i n t r o d u c t i o n  of  a f ew 
n e w  f e a t u r e s  i t  b e c a m e  a v a l u a b l e  a d d i t i o n  to  t h e  f a m i l y  
of  r o t o r s  of  m o d e r n  p r e p a r a t i v e  u l t r a c e n t r i f u g e s .  

The Nylon Reograd Rotor. N y l o n  w a s  s e l e c t e d  as  a 
s u i t a b l e  m a t e r i a l  fo r  t h e  c o n s t r u c t i o n  of t h i s  p r o t o t y p e  
r o t o r  b e c a u s e  of  i t s  f a v o u r a b l e  t e n s i l e  s t r e n g t h - d e n s i t y  
r a t i o ,  i t s  c h e m i c a l  i n e r t n e s s  a n d  t h e  e a s e  w i t h  w h i c h  i t  
m a y  be  m a c h i n e d  on  a l a t h e .  

T h e  r o t o r  d e s c r i b e d  h e r e  w a s  m a c h i n e d  f r o m  a cy l i n -  
d r i c a l  b l o c k  of  n y l o n  21 • 10 c m .  T h e  f i n a l  p r o d u c t  h a s  
a d i a m e t e r  n e a r  t h e  b a s e  of  20.5 c m  a n d  16 c m  a t  t h e  t op .  
T h e  c y l i n d r i c a l  c a v i t y  w h i c h  is 12.3 c m  w i d e  a n d  5 c m  
d e e p  w i t h  t h e  b a s e  s l o p i n g  t o w a r d s  t h e  c e n t r e  a t  a n  a n g l e  
of  3 ~ f r o m  t h e  h o r i z o n t a l .  T h e  r o t o r  is f i t t e d  w i t h  a 
d u r a l u m i n u m  lid,  a n d  a b a s e  of  t h e  s a m e  m a t e r i a l  d e s i g n e d  

Fig. 1. Left: A cross-sectional drawing of the nylon zonal rotor. A) The main body of the rotor with the cylindrical central cavity. 
The base of the cylinder slopes towards the centre at 3.0~ B) The base, made of duralulninum, is screwed on to A with 4 steel screws. 
2 brass pins protrude from the main body. The base and pins enable it to be driven on the Spinco Model L ultracentrifuge. C) The lid, 
made of duralulninuln is screwed on to the rotor by means of 6 aluminiuln screws. D) An O ring fits exactly into the rim of the 
cylinder. When the lid is screwed down a water-tight seal is  formed. E) The central core composed of a perspex cylinder into which a 
cup-like cavity is cut holding an inner column through which a capilliary, 1 rain in diameter, is drilled through its entire length. 
F) The central core is attached to 8 perspex septa with O rings wrapped over recesses cut into their peripheries. 8 strips of rubber 
are glued on to the base of the central core to raise it approximately 0.8 Into from the lower surface of the cylinder. Right: A plan view 
of the central core showing the O rings wrapped around each of the 8 septa, and the rubber strips radiating from the centre. The 
capillary down the centre rod is also indicated. 
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to  f i t  t h e  Model  L p r e p a r a t i v e  centr i fuge.  The  comple ted  
r o t o r  is i l l u s t r a t ed  in  F igure  1, a and  b. F u r t h e r  fea tu res  
m a y  be  found  in  t h e  legend to  t he  figures.  

I m p o r t a n t  dif ferences  b e t w e e n  th i s  a n d  t he  ex i s t ing  
large scale g r a d i e n t  ro to rs  are t h e  wide cen t r a l  core, t h e  
increase  in  t he  n u m b e r  of spe t a  a n d  t he  m e t h o d  b y  wh ich  
t h e  m a t e r i a l  for f r ac t iona t Jon  is i n t r o d u c e d  on  t h e  
g rad ien t .  
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Fig. 2. UV-absorption diagram after centrifugation of the haemo- 
cyanin of Turbo sarmaticus for 18 h at 12,500 • g. Samples for 
electron microscopy taken at positions indicated X and Y. 

over  t h e  t o p  t h r o u g h  t h e  e igh t  n a r r o w  spaces  b e t w e e n  
t h e  lid a n d  t h e  cen t r a l  core on to  t h e  g r ad i en t  sur face ;  
10-20 ml  of t h e  sample  is op t imal .  

Application. The  use of th i s  ro to r  is i l l u s t r a t ed  on  t he  
s epa ra t i on  of t h e  c o m p o n e n t s  of t h e .  h a e m o c y a n i n  of 
Turbo sarmaticus. Fre s h l y  o b t a i n e d  h a e m o c y a n i n  f rom 
th i s  mol lusc  appea red  inhomogeneous .  4 m a i n  compo-  
n e n t s  h a v i n g  respec t ive  s e d i m e n t a t i o n  coeff icients  108, 
95, 44 an d  16 Svedberg  un i t s  were obse rved  a f t e r  cen- 
t r i f u g a t i o n  in t h e  Model  E a n a l y t i c a l  u l t r acen t r i fuge .  I n  
a d d i t i o n  to these,  smal l  a m o u n t s  of 2 c o m p o n e n t s  of 
S20w va lues  g rea te r  t h a n  108 were observed .  

T h e  T. sarmaticus h a e m o c y a n i n  was cen t r i fuged  in t h e  
g r ad i en t  ro to r  a t  12, 500 • g for 18 h, t h e  c o n t e n t s  s y p h o n e d  
off in 5 ml  po r t i ons  an d  t h e i r  U V - a b s o r p t i o n  d e t e r m i n e d  
a t  280 nm.  T h e  d i a g r a m  dep ic ted  in  F igure  2 is Obtained.  
Mate r ia l  col lected a t  pos i t ions  co r re spond ing  to  m a x i m a  
X a n d  Y was freed of sugar  b y  d ia lys is  ag a i n s t  p h o s p h a t e  
buf fe r  a t  p H  7.2 an d  e x a m i n e d  b y  e lec t ron  microscopy.  
T h e  e lec t ron  mi c ro g rap h s  o b t a i n e d  are s h o w n  in F igures  3 
a n d  4. F r o m  t h e  a p p e a r a n c e  of t h e  m i c r o g r a p h s  i t  wou ld  
seem t h a t  f rac t ion  Y is c o n s t i t u t e d  of molecules  ha l f  
t h e  size of t h e  whole  molecules  in f r ac t ion  X.  

T h e  s epa ra t i on  of t h e  c o m p o n e n t s  of a n a t u r a l  m i x t u r e  
of v i ruses  f rom a p a r t i a l l y  pur i f ied  e x t r a c t  of p ine  

Fig. 3. Electron micrograph of material taken from zone X (see 
Figure 2). Note 'square' particles indicating whole molecules. 

Operctlion. The  assembled  ro to r  is p laced  on  a level l ing 
t ab l e  and  t h e  g r a d i e n t  is fo rmed  b y  one of t he  s t a n d a r d  
me thods .  A f ine bore  t r u n c a t e d  needle  is lowered  t h r o u g h  
t he  hole  in  the  cen t r a l  core a n d  t h e  g r a d i e n t  so lu t ion  of 
ever - inc reas ing  c o n c e n t r a t i o n  is in t roduced .  I n  t he  p r e s en t  
work  a l oga r i t hmic  g r a d i e n t  (Svx~csoN ~) was used, b u t  a 
l inear  c o n c e n t r a t i o n  g r a d i e n t  would  serve t he  pu rpose  
equa l ly  well. 

I t  was  found  t h a t  t h e  m a t e r i a l  to  be  f r a c t i o n a t e d  could 
be i n t r o d u c e d  in to  t h e  g r a d i e n t  in  severa l  ways,  b u t  t h e  
bes t  way  in  our  exper ience  is to  inse r t  t h e  s u b s t a n c e  to  
be  f r a c t i o n a t e d  in t he  cup-l ike  c a v i t y  and  gen t ly  accel- 
e r a t i ng  t h e  ro tor .  D u r i n g  t he  in i t ia l  s tages  t he  f lu id  
's l ips '  on  t he  cu rved  base  a n d  moves  ou t  f u r t h e r  w i t h  
increas ing  ro to r  veloci ty .  E v e n t u a l l y ,  a t  st i l l  g r ea t e r  
veloci ty ,  i t  moves  up  t he  ver t i ca l  wal l  of t he  cup  to spill 

Fig. 4. Electron micrograph of material taken from zone Y (see 
Figure 2). Note absence of 'squares'. Few rectangular particles are 
seen indicating half molecules. 
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empero r  mothsNudaurelia cythera capensis was a t t e m p t e d .  
E l ec t ron  microscopic  s tud ies  on ma te r i a l  t a k e n  f rom the  
3 zones observed  revea led  t h a t  t he re  were 3 in fec t ive  
agen ts  present .  The  la rges t  of par t ic le  size 39 n m  sedi- 
m e n t e d  ou t  f u r t h e s t  to  be  followed b y  a v i rus  t y p e  of 
par t ic le  size 37.5 nm.  This  t y p e  r ep re sen t ed  approx i -  
m a t e l y  80% of t h e  t o t a l  v i rus  presen t .  This  f r ac t ion  was 
t h e n  followed b y  a t y p e  of par t ic le  size 27 n m  which  
r ep resen ted  a p p r o x i m a t e l y  5% of t h e  t o t a l  v i rus  con-  
cen t ra t ion .  The  e n t i t y  of pa r t i c le  size 3 7 . 5 n m  was 
a p p r o x i m a t e  100% pure,  h u t  t he  r e m a i n i n g  2 were 
c o n t a m i n a t e d  w i t h  t h e  37.5 n m  var i e ty .  T he  presence  
of these  v i ruses  in  t h e  p ine  empero r  m o t h s  h a d  been  
r epo r t ed  on  b y  JUCKESK 

I n  conclus ion  i t  m a y  be  s t a t e d  t h a t  t he  m e t h o d  could  
be c o m p l e m e n t o r y  to such  t e c h n i q u e s  as are c o m m o n l y  
used in v i rus  research  such  as ion exchang ing ,  gel exclu- 
sion c h r o m a t o g r a p h y  and  zone e lectrophoresis .  

Zusammen/assung. Der verbesser te ,  neu  konz ip ie r t e  
R e o g r a d - R o t o r  e ignet  s ich ftir die p r / ipa ra t ive  Zen t r i -  
fug ie rung  yon  Makromolek t i l en  und  Viren.  
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Automatische Apparatur zur kontinuierlichen Herstellung synchroner Algenkulturen 

Zur  D u r c h f t i h r u n g  gewisser  b~ochemischer  U n t e r s u -  
c h u n g e n  b e n 6 t i g e n  wir  gr6ssere Mengen  s y n c h r o n e r  
Chlamydomonas-Zellen. U m  die z e i t r aubende  u n d  um-  
s t~ndl iche  chargenweise  K u l t i v i e r u n g  zu umgehen ,  h a b e n  
wir  eine Anlage  gebaut ,  welche m6gl i chs t  we i tgehend  
a u t o m a t i s i e r t  is t  u n d  sich d e n n o c h  fiir ve r seh iedene  
Zwecke e inse tzen  l~Lsst. K o n t i n u i e r l i c h  a r b e i t e n d e  Appa -  
r a t u r e n  s ind schon  ve r sch ieden t l i ch  en twicke l t  worden  1, 2 
u n d  auch  schon  im H a n d e l  erh~tltlich (zum Beispiel  
C h e m a p  AG., Mgnnedorf /Zt i r ich ,  oder  New B r u n s w i c k  
Scient if ic  Company ,  New Jersey) .  An lagen  zur  kon t i -  
nu ie r l i chen  S y n c h r o n k u l t u r  dagegen  s ind noch  se l ten  
beschr i eben  w o r d e n  3-~. U n t e r  kon t inu ie r l i ch  v e r s t e h e n  
wir  h ier  eine sich t iber  l~Lngere Zei t  s y n c h r o n  en twicke lnde  
Kul tu r ,  welche pe r iod i sch  v e r d t i n n t  wird. W i r  habeI1 uns  
zu einer  e igenen  K o n s t r u k t i o n  entschlossen,  weil uns  die 
F r a g e n  der  Be leuch tung ,  der  S te r i t i s i e rbarke i t  u n d  der  
Ver fo lgung  u n d  S t eue rung  des W a c h s t u m s  ftir unse re  
Zwecke noch  n i c h t  bef r ied igend  gel6st  erschienen.  

Apparatur. Es  w u r d e n  zwei iden t i sche  A p p a r a t u r e n  
aufgebau t ,  welche  e inerse i ts  aus  dem  e igen t l i chen  Ku l tu r -  
gefXss u n d  andere r se i t s  aus  den  S t e u e r o r g a n e n  bes tehen .  

Kulturge/iiss. Das Kultnrgef / iss ,  dessen K o n z e p t i o n  auI  
e iner  Idee  v o n  K. Et~ISMANN (Pf lanzenphys io logisches  
I n s t i t u t  Bern)  be ruh t ,  wi rd  d u r c h  drei  koaxia le  Glas-  
zy l inder  yon  je 1 m L~tnge u n d  yon  160, 88 bez iehungs-  
weise 56 m m  A u s s e n d u r c h m e s s e r  geb i lde t  (Figur  1), wel- 
che in den  Ri l len  zweier F l ansche  aus  ros t f re iem S tah l  
laufen.  G u m m i r i n g e  u n d  Zugst/~be, welche die F l ansche  
gegene inanderz iehen ,  sorgen  fiir die D ich t igke i t  der  ab-  
g e t r e n n t e n  RSume.  Beide  F l ansche  s ind in der  Mi t re  
d u r c h b o h r t ,  so dass  eine 100 W Hoch le i s t ungs -Leuch t -  
s to f f r6hre  das  Gef~Lss yon  i n n e n  he r  b e l e u c h t e n  kann .  Der  
R a u m  a) d ient ,  m i t  Zu- u n d  Abfl i issen in be iden  F lan-  
schen  versehen ,  der  T h e r m o s t a t i s i e r u n g  d u r c h  e inen  Was-  
serkreis lauf .  Der  R a u m  b) n i m m t  e twa  10 1 N~thrl6sung 
(NL) auf ;  eine Te f lon -S iebp la t t e  c) im  u n t e r n  F l a n s c h  
e r l aub t  Begasung  und  gleichzei t ig D u r c h m i s c h u n g  der  
Suspens ion ;  das  Gasgemisch  ver lgss t  das  Kul turgef / i ss  
zwangsl~tufig d u r c h  ein im obe rn  F l a n s c h  v e r s c h i e b b a r  
befes t ig tes  Glas rohr  d), welches in eine Kugel  m i t  zwei 
A u s t r i t t s 6 f f n u n g e n  mt inde t .  I n  dieser Kugel  f i nde t  be im  
N a c h s t r 6 m e n  f r ischer  N L  S e p a r a t i o n  s t a r t :  das  Gas 
ge langt  d u r c h  die obere  Of fnung  d u r c h  ein Ster i l f i l ter  ins, 
Freie  u n d  die Fl i iss igkei t  str/Smt d u t c h  die u n t e r e  in  ein 

Auffanggef&ss. E i n  W i d e r s t a n d s e l e m e n t  in  e inem Tauch-  
roh r  e) miss t  die T e m p e r a t u r  der  Kul turf l t i ss igkei t .  Die  
Suspens ion  wi rd  ausse rdem a m  u n t e r n  F l a n s c h  d a u e r n d  
e n t n o m m e n  u n d  d u r c h  e inen  e x t e r n e n  Kre is lauf  d u t c h  
den  obe rn  F l a n s c h  w iede rum in den  K u l t u r r a u m  zurt ick- 
geleitet .  Dieser  Kre is lauf  wird  d u t c h  eine eigens ftir d iesen 
Zweck kons t ru ie r t e ,  a u t o k l a v i e r b a r e  Z e n t r i f n g a l p u m p e  
a u f r e c h t e r h a l t e n ;  die P u m p e  b e s t e h t  aus  Tef lon  u n d  kann ,  

Fig. I. KulturgefSss. 


