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dif ferent  inves t iga tors  9-14. A d ivergent  f inding on the  
occurrence of 7 pairs  of me tacen t r i c s  due  to  Robe r t son i an  
fusions has  also been repor ted  in tobacco mouse,  Mus 
poschiavinus  f rom Switzer land 15. Previous ly  i t  was gen- 
erally accepted  t h a t  the  wild popula t ions  of house mouse 
have  a fairly uni form ka ryo type  of 40 te locentr ic  chromo-  
somes ~6 Bu t  recent ly  the  occurrence of var iable  metacen-  
trics (2-9) due to  Rober t son ian  fusions has been repor ted  
f rom di f ferent  regions of Switzerland~7,~s and  Romelg.  
So far as we are aware, there  is no repor t  on the  occur- 
rence of Robe r t son ian  fusion in any  of the  house mouse 
popula t ions  of Asia. This f irst  repor t  on ka ryo type  vari-  
at ion due to Rober t son ian  fusion in house mouse f rom 
two widely separa ted  localities of Eas t e rn  Ind ia  will add 
fur ther  cytological  da t a  to the  p rob lem of chromosome 
po lymorph i sm of the  species and  the  probable  t r end  of its 
evolution.  
I t  is somew ha t  difficult  a t  p resen t  to suggest  wi th  con- 
fidence whe the r  the  occurrence of Rober t son ian  fusion in 
these  three  specimens  collected f rom 2 d i s t an t ly  located 
popula t ions  is accidental  or has  any  evolu t ionary  signifi- 
cance. But  it  is ev iden t  f rom di f ferent  research repor t s  
publ ished in recen t  years  tha t ,  like labora tory  strains,  the  
wild popula t ions  of house mouse also t end  to undergo 
centr ic  fusion re la t ively  easily. Moreover,  the  da t a  com- 
piled in the  table  also indicate  t h a t  in mos t  cases the  
fusion has t aken  place be tween  chromosomes  belonging to 
groups I I  and IV ~-s in l abora to ry  s t ra ins  and be tween  
groups I and IV 1, 2 in wild popula t ions  of mouse. 
Recen t ly  an extens ive  review on the  causes and conse- 
quences of Rober t son ian  exchange has been publ ished by  
John  and F reeman  ~0. But  it  is no t  very  easy to conclude 
how these fusion (sub)metacentr ics  have  or ig inated in 
our mater ia l .  Al though  the  rods of mouse have  been  

var iously  chr i s tened  as acro- or telocentr ics,  according to  
the  choice of indiv idual  authors ,  ye t  by  whole m o u n t  EM 
studies  Comings and  Okada  21 have  conf i rmed t h a t  the  
rods of mouse  are te locentr ic  in na tu re  w i th  no evidence  
of a shor t  arm. I t  is, therefore,  qui te  plausible  t h a t  t he  
(sub)metacent r ic  in these  3 female specimens  has  ori- 
g inated  e i ther  by  a simple breakage reunion even t  w i th in  
the  cen t romere  itself, or else is due to  fusion be tween  2 
eroded cent romeres .  The resul ts  of our C-banding  analysis  
(figure 5), by  following the  t echn ique  suggested b y  Sumner  
and  E v a n s  ~, and  the  absence of any  minu te s  or a n y  
s u p e rn u mera ry  like e lements  are also in s u p p o r t  of th is  
view. 
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Summary. The s ta te  of chlorophyl l  a in phospha t idy lcho l ine  vesicles was examined .  The results  indicate  t h a t  the  
chlorophylls  are p resen t  in monomer ic  form. A kinetic s t u d y  of chlorophyl l  reac t ions  wi th  K2S208 and p iper id ine  
showed t h a t  these subs tances  reac t  wi th  the  po rphyr in  rings of p igments  located on b o t h  vesicle faces, mos t  p r o b a b l y  
wi thin  the  polar  headgroup  region. 

Artificial  m e m b r a n e s  conta in ing  chlorophyl l  have  been 
used as models  for the  s t u d y  of pho to syn the s i s2 -4  Since 
the  m e m b r a n e s  reproduced  cer ta in  spectroscopic  charac-  
ter is t ics  and pho tochemica l  react ions  of in vivo systems,  
inves t iga t ions  were unde r t aken  towards  the  e lucidat ion 
of the  chlorophyl ls  a r r a n g e m e n t  in the  lipid layers.  
S t e inemann  et  al. ~ repor ted  the  p repa ra t ion  of a lipid 
bi layer  (BLM) conta in ing  chlorophyl l  a (Chl-a) and sug- 
gested t h a t  the  p igments  are localized on bo th  m e m b r a n e  
faces wi th  the  t e t r apyr ro le  macrocycle  e i ther  a) in the  2 
membrane - so lu t ion  interfaces  in con tac t  w i t h  the  aqueous  
phase,  or b) inser ted  into the  phosphol ip id  core. The loca- 
t ion of Chl-a in a bi layer  as it  is p red ic ted  by  the  first  
model  is t h e r m o d y n a m i c a l l y  uns table .  I t  suffices to note  
t h a t  one edge only of the  macrocycle  (figure 1) m a y  even- 
tua l ly  have  con tac t  w i t h  a layer  of wate rK 
Recent ly ,  a spin label s t u d y  of 0 t t m e i e r  et  al. 7 on chloro- 
phyl l -conta in ing  phosphol ip id  vesicles favoured  the  pres-  

ence of Chl-a p o r p h y r m  wi th in  the  polar  h e a d g r o n p  
region;  and K a t z  e t  alY r emarked  t h a t  the  bes t  locat ion 
for a n t e n n a  and special pai r  chlorophyl l  aggregates  in the  
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Logarithm of pseudo-velocity constants* for the reactions of chloro- 
phyll a with piperidine in n-hexadecane and in phosphatidylcholine 
(PC) vesicles 

Per cent of piperidine Log k '  
(v/v) sec - t  at 27~ ** 

n-Hexadecane 3.2 - 3.067 =[= 0.097 
PC vesicles 3.0-3.5 - 2.643 -4- 0.077 

*k ' t  = ln(A 0 - Aoo)/(A - Ac~), where k '  is the pseudo-first-order 
constant,  A is the absorbance at time t, A 0 the initial absorbance and 
Aoo the absorbance at reaction completion. Reactions were followed 
by decrease in absorbanee at 670 nm (PC vesicles) and 663 mn 
(n-hexadecane). ** Data are based on 6 kinetic runs. 

c h l o r o p l a s t  t h y l a k o i d s  w o u l d  be  b e t w e e n  t h e  h y d r o c a r b o n  
m o i e t i e s  of  t h e  l a m e l l a e  l ip ids .  I w i s h  t o  r e p o r t  n e w  
e v i d e n c e  w h i c h  s h o w s  t h a t  t h e  l a t t e r  a r r a n g e m e n t  of  
c h l o r o p h y l l s  in  a ves ic l e  b i l a y e r  d o e s  n o t  s e e m  to  be  
u n i q u e .  

Methods. P h o s p h o l i p i d  ve s i c l e s  c o n t a i n i n g  c h l o r o p h y l l  
we re  p r e p a r e d  b y  t h e  c o l y o p h y l i z a t i o n  p r o c e d u r e  of  
T h o m p s o n  e t  al.  9. T h i s  m e t h o d  p r o m o t e s  m i x i n g  of  t h e  
p h o s p h o l i p i d s  w i t h  t h e  c h l o r o p h y l l s ,  a n d  t h e r e b y  faci l i -  
t a t e s  t h e  p i g m e n t  i n s e r t i o n  i n t o  t h e  b i l a y e r .  D r i e d  ch lo ro -  
p h y l l  a a n d  e g g  y o l k  p h o s p h a t i d y l c h o l i n e  ( ra t io  of  l ip id  to  
c h l o r o p h y l l  of  a b o u t  35 : 1) w e r e  d i s s o l v e d  in  d i e t h y l  e t h e r  
( A R  g rade )  a n d  t h e  m i x t u r e  w a s  e v a p o r a t e d  to  d r y n e s s .  
T h e  m i x e d  l ip id  p r e p a r a t i o n  w a s  a d d e d  to  4 - 8  m l  of  
0.1 M NaC1, 0.01 T r i s -HC 1  b u f f e r  ( p H  8.0). T h e  c h l o r o -  
p h y l l - l i p i d  d i s p e r s i o n  w a s  t h e n  s u b j e c t e d  t o  s o n i c a t i o n  
u n d e r  a c o n s t a n t  f low of  a r g o n  a n d  f r a c t i o n a t e d  in  a 
S e p h a r o s e  4B  c o l u m n .  T h e  f r a c t i o n s  w h i c h  c o n t a i n e d  
m u l t i l a y e r e d  ve s i c l e s  w e r e  d i s c a r d e d .  T h e  ve s i c l e s  p r e -  
p a r e d  a c c o r d i n g  t o  t h i s  m e t h o d  e x h i b i t e d  a r e d  a b s o r p t i o n  
b a n d  w i t h  a m a x i m u m  a t  670 n m  w h i c h  is c h a r a c t e r i s t i c  
o f  m o n o m e r i c  c h l o r o p h y l l  4. 

H/C%c/H H CH 3 
1 1  ! c. 3 

"C m ' 

HaCD ~ C H a 

% 
C02R1 \OCH3 

R 1 = m C ~  R2 

R 2 R 2 R 2 R 2 

R2= - C H  3 

Fig. 1. Structure of chlorophyll a. I t  is seen that  only the structural 
element which contains the earbonyl groups of the cyclopentanone 
ring V and the propionic acid chain of ring IV may  have contact 
with a layer of water. 

Results and discussion. T h e  r e l a t i v e  a m o u n t  o f  Ch I - a  o n  
b o t h  f a c e s  of  t h e  p h o s p h o l i p i d  ve s i c l e s  w a s  d e t e r m i n e d  
w i t h  p o t a s s i u m  p e r o x o d i s u l f a t e  (K2S2Os), a n o n - p e r m e -  
ab l e  r e a g e n t  w h i c h  c a u s e s  b l e a c h i n g  of t h e  r e d  a b s o r p t i o n  
b a n d  of  c h l o r o p h y l l  10. T h e  r a t i o  of  Ch l - a  in  t h e  o u t e r  b i -  
l a y e r  f a c e  ~o t h e  t o t a l  a m o u n t  o f  p i g m e n t  in  t h e  ves i c l e  
(C/Ct) w a s  e s t a b l i s h e d  a c c o r d i n g  to  t h e  e x p r e s s i o n  C/Ct  = 
(A --  Ao0) / (A 0 --  A~) ,  w h e r e  A is t h e  a b s o r b a n c e  o f  t h e  
ves i c l e s  m e a s u r e d  d u r i n g  t h e  c o u r s e  of  t h e  r e a c t i o n  w i t h  
$2Os~-, A 0 t h e  in i t i a l  a b s o r b a n c e  a n d  A ~  t h e  f ina l  a b s o r b -  
a n c e  u p o n  d i s r u p t i o n  of  t h e  ve s i c l e s  w i t h  n - p r o p a n o l  n .  
F i g u r e  2 s h o w s  t h a t  a t  l e a s t  h a l f  of  t h e  c h l o r o p h y l l s  is 
i n c o r p o r a t e d  in  t h e  o u t e r  f a ce  o f  t h e  ves ic les .  T h e s e  f i nd -  
i n g s  a re  c o n s i s t e n t  w i t h  t h e  v i e w  t h a t  C h l - a  is i n s e r t e d  
w i t h i n  t h e  l ip id  b i l a y e r  as  is p o s t u l a t e d  in  S t e i n e m a n n ' s  
s e c o n d  m o d e l  d e s c r i b e d  a b o v e .  M o r e o v e r ,  t h e  o b s e r v a -  
t i o n s  r e p o r t e d  h e r e  c o r r o b o r a t e  t h e  s u g g e s t i o n  of B r i a n -  
t a i s  e t  al .  ~2 t h a t  t h e  p o r p h y r i n  r i n g s  of  t h e  2 p h o t o s y n -  
t h e t i c  s y s t e m s  a r e  l o c a t e d  in  v i v o  o n  o p p o s i t e  s ides  of  t h e  
t h y l a k o i d  m e m b r a n e ,  w i t h  p h o t o s y s t e m  I a t  t h e  e x t e r n a l  
su r f ace .  
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Fig. 2. Kinetics of chlorophyll a reaction with potassmm peroxo- 
disulfate in phosphatidylcholine vesicles at 27~ followed by de- 
crease in absorbanee at 670 nm as a function of time. A is the ab- 
sorbance of the vesicles measured during the course of the reaction 
with 2 mM K2SaOs, A 0 the initial absorbance and Ac~ the absorbance 
at reaction completion upon disruption of the vesicles with n-propanol. 



15.2. 1977 Specialia 179 

In  addi t ion,  K a t z  e t  al. 8 p roposed  t h a t  ch lorophyl l  in 
hexadecane  solut ions represen ts  one of the  possible s ta tes  
of the  p igm en t  in a bilayer,  namely  the  d i s t r ibu t ion  of 
Chl-a oligomers be tween  the  hyd roca rbon  moiet ies of 
m e m b r a n e  lipids. I f  th is  a r r angemen t  s imulates  the  s t a t e  
of chlorophyl ls  in phosphol ip id  vesicles, one expec ts  to  
ob ta in  indent icM values  for the  ra te  cons tan t s  of Chl-a 
react ions  wi th  piper idine ~3 in hexadecane  and in a bilayer.  
However ,  the  table  shows t h a t  the  react ion ra tes  in phos-  
pha t idy lchol ine  (PC) vesicles in the  form of pseudo-f i rs t -  
order  ra te  cons t an t s  k '  exceed by  a factor  of abou t  2.7 the  
values ob ta ined  in hexadecane .  In  this connect ion,  i t  can 
be shown la t h a t  the  ra te  cons t an t  of react ion of uncharged  
part icles  in condensed  media  is given by  the  express ion 
k = 8 RT/3000 ~/M -1 sec -1, which is one form of Smolu- 
chowski ' s  equa t ion  15 where  R is the  molar  gas con s t an t  
and  t 1 is the  viscosi ty  of the  medium.  The equa t ion  indi- 
cates  t h a t  the  ra te  cons t an t  decreases as the  viscosi ty  in- 
creases. One m a y  conclude,  therefore,  t h a t  the  po rphy r in  
e n v i r o n m e n t  in t he  vesicle m e m b r a n e  is more  fluid t h a n  

in h y d r o c a r b o n  phases  like a hexadecane  solution,  or t he  
cent re  of a lipid bilayer.  The resul ts  suggest  fu r the r  t h a t  
in PC vesicles and in BLM the  Chl-a po rphy r in  is ex- 
posed - to  an ex t en t  ye t  u n d e t e r m i n e d  - to the  wa te r  
e m b e d d e d  on the  ou te r  and  the  inner  faces of the  vesicle 
bilayer.  These in te rp re ta t ions  are in good ag reemen t  w i th  
viscosities of 17 to 32 centipoise (cP) which prevai l  a t  the  
annular  region of lipid micelles and  2.98 cP  for l iquid 
n -hexadecane  at  27 ~ compared  wi th  a viscosi ty  value 
of 0.8513 cP  for wa te r  a t  the  same t empera tu re .  
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Methodische  U n t e r s u c h u n g e n  zur M e s s u n g  der Erythrozytenver formbarke i t  (Filtrabilit i it ,  F lex i -  
bilitiit ,  Fluidit i i t)  in Abhi ingigkei t  der P lasmaviskos i t i i t ,  der P l a s m a - P r o t e i n e ,  des Hi imatokri t s ,  
des F i l trat ionsdruckes  sowie  der Osmolarit~it  

Methodica l  inves t iga t ions  concern ing  the m e a s u r e m e n t  of red cell deformabi l i ty  dependent  on 
p l a s m a  v i scos i ty ,  p l a s m a  prote ins ,  hematokr i t ,  f i l trat ion pressure  as wel l  as o s m o l a r i t y  

H. L e o n h a r d t  und I. R e i n h a r d t  

Medizinische Kl in ik  und Poliklinik im Kl in i kum Steglitz der Freien Universitdt Berlin, Hindenburgdamm 30, D-IO00 
Berlin (West) 45, 24. August  1976 

Summary.  The m e a s u r e m e n t  of red cell deformabi l i ty  (flexibility or fluidity) according to the  me t h o d  of f i l t ra t ion 
s t rongly  depends  on the  suspension medium,  the  hema tokr i t ,  f i l t ra t ion pressure  as weI1 as osmolar i ty  and  is ha rd  to  
di f ferent ia te  over the  influence of red cell aggregation.  Therefore,  da t a  concerning the  f lexibi l i ty of red cells have  to be 
es tabl ished under  s t andard ized  condit ions,  e.g. suspension medium,  such as albumin,  s tabi l ized hematokr i t ,  cons t an t  
osmolar i ty  and pressure.  

Neben  der  B e s t i m m u n g  der  Vollblut-  und  Plasma-Visko-  
s i t , t ,  d e m  H ~ m a t o k r i t  und  der E r y t h r o z y t e n a g g r e g a t i o n  
ist  die Messung der  E r y t h r o z y t e n - V e r f o r m b a r k e i t  ein 
wicht iger  P a r a m e t e r  zur Beur te i lung der  Fl iesse igenschaf t  
des Blutes.  Da bisher  ein brei tes  methodisches  Spek t ru m 
von der  F i l t ra t ion  unge r innba r  gemach ten  Vollblutes 
durch  einfache Fi l ter  bis zu dem Versuch,  m6gl ichst  den  
isolierten E r y t h r o z y t e n  durch  eine gr6ssenm~issig deft- 
nier te  Pore  oder  Kapi l lare  zu fi l tr ieren und die Form-  
vef i tnderungsf / ihigkei t  pro Zei te inhei t  zu registr ieren,  be- 
s teht ,  soll ten sys temat i sche  mess technische  Un te r suchun-  

gen mi t  dem FiltrationsgerS~t nach  Schmid-Sch6nbe in  
dnrehgef i ih r t  w e r d e n t - L  Ziel der Un te r suchung  sollte es 
sein, M6glichkeiten und Grenzen dieser Methodik  aufzu- 
zeigen, darges te l l t  an der Reproduz ie rbarke i t ,  der  Ab- 
h~ingigkeit der  Messung vom H~imatokrit ,  der  P lasma-  
viskosit~tt, den  P lasma-Pro te inen ,  dem Druck und  der  
Osmolarit / i t .  
Material und Methodih. Alle F i l t r a t i onsmessungen  w u rden  
mi t  der  A p p a r a t u r  nach  Sehmid-Sch6nbe in  ~ durchge-  
f i ihrt  8. F i l t r ie r t  wurde  mi t  Sar tor ius-Fi l tern ,  Typ  SM 
11 301, mi t  e inem Po ren d u rch mes s e r  yon 8,0 ~zm bei e inem 

Darstellung der Messergebnisse zur Rcproduzierbarkeit der Erythro- 
zytenfiltration fiir Erythrozytensuspensionen in Plasma und Serum 
bei untersehiedliehen H~imatokritwerten 

Probe Hfimatokrit Mittelwert Standard- Variations- 
(Vol.-%) ( s e c )  abweichung koeffizient 

(see) (s~ 
in Prozent) 

I Plasma 7,3 41 • 9,3 23 
Serum 7,5 11 i 2,6 23 

II Plasnla 13,6 61 ~ 7,1 12 
Serum 12,8 37 -t-13,7 37 

III Plasma 27,9 152 • 32 
Serum 27,1 111 z~26,6 25 
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