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A Simple UV-Microbeam for Partial Cell Irradiation 

M a n y  devices  h a v e  b e e n  deve loped  for  i r r a d i a t i n g  
smal l  a reas  of cells w i t h  e i t h e r  U V -  or  ioniz ing  r a d i a t i o n l - L  
T h e  pu rpose  of t h e  p r e s e n t  c o m m u n i c a t i o n  is t o  desc r ibe  
a s impIe  U V - m i c r o b e a m  w h i c h  e m p l o y s  a re f lex  c a m e r a  
in t h e  op t ica l  t r a in .  

Method. As s h o w n  in  t he  F igure ,  UV- l igh t  f rom a 
m o n o c h r o m a t o r  s is re f lec ted  b y  a f i r s t - sur face  a lumin ized  
m i r r o r  g o n t o  a field d i a p h r a g m  in  t h e  f i lm p l a n e  of t h e  
re f lex  c a m e r a  x°. T h e  image  of t h e  field d i a p h r a g m  is 
focussed  a n d  demagn i f i ed  t h r o u g h  t h e  mic roscope  
(equ ipped  w i t h  a n  eyepiece  a n d  o b j e c t i v e  s y s t e m  wh ich  is 
' a c h r o m a t i c '  for  UV-  a n d  v i s ib le  l i gh t  n )  a n d  p r o j e c t e d  
t h r o u g h  a q u a r t z  covers l ip  1~ o n t o  t h e  spec imen.  

I n  th i s  s y s t e m  t h e  image  of t h e  spec imen  is iden t i ca l  in  
size a n d  pos i t ion  in t h e  g r o u n d  glass a n d  in  t h e  f i lm p l a n e  
c o n t a i n i n g  t h e  f ield d i a p h r a g m .  T h e  U V - i m a g e  t o  a p p e a r  
in  t h e  spec imen  p l a n e  is a i m e d  a n d  focussed b y  b r i n g i n g  
a cross  loca ted  in  t h e  c e n t e r  of t h e  g r o u n d  glass of t h e  
ref lex  c a m e r a  i n to  regis te r  w i t h  t h e  cell  s t r u c t u r e  t o  b e  
i r r ad i a t ed .  W h e n  desired,  t h e  e x a c t  s h a p e  a n d  loca t ion  of 
t h e  a p e r t u r e  m a y  be  d r a w n  on  t h e  g r o u n d  glass in  o rde r  
to  p r o v i d e  t h e  o p e r a t o r  w i t h  knowledge  of prec ise ly  w h a t  
a rea  of t h e  cell is i r r ad ia t ed .  I f  desired,  t h i s  i n s t r u m e n t  
could  be  used for  t h e  i r r a d i a t i o n  of e x t e n d e d  cel lu lar  
a reas  whi le  some p o r t i o n  of t h e  cell was  se lec t ively  
shie lded.  Masks  co r r e spond ing  to  t h e s i z e  a n d  shape  of t he  
a rea  to  be  sh ie lded  c a n  b e  he ld  in t h e  f i lm p l ane  w i t h  f ine  
wires  or  s u p p o r t e d  b y  a f l a t  q u a r t z  p la te .  F o r  a n y  pa r -  
t i cu l a r  a p p l i c a t i o n  t he  usefulness  of such  a UV-f ie ld  w i t h  
a ' m i c r o - s h a d o w '  would  b e  d e t e r m i n e d  b y  t h e  a m o u n t  of 
edge d i f f r ac t ion  a n d  s t r a y  l i gh t  in  t h e  sys tem.  These  
t e c h n i q u e s  will be  especial ly  useful  w h e n  areas  of h i g h l y  
i r r egu la r  shapes  are  to  b e  i r r ad ia t ed .  F o r  r o u t i n e  i r rad ia -  
t ions ,  t h e  i n s t r u m e n t  could  be  a imed  a n d  focussed whi le  
o b s e r v i n g  a c ros sha i r  in  a focuss ing eyepiece.  I f  p h o t o -  
g raph ic  records  were  desi red,  a s e p a r a t e  side t u b e  w i t h  
e i t h e r  a p a r t i a l l y  a l u m i n i z e d  m i r r o r  or  a s l id ing  p r i s m  
would  be  requi red .  

F o r  conven ience  a n d  to  a l low careful  v i sua l  o b s e r v a t i o n  
of t h e  ceils, t h e  microscope  is equ ipped  w i t h  a t r i n o c u l a r  
t u b e  e m p l o y i n g  a s l id ing  p r i s m  t h a t  c an  be  comple t e ly  
r e m o v e d  f r o m  t h e  U V - o p t i c a l - p a t h .  I f  t h e  mic roscope  
b o d y  c o n t a i n s  a glass lens for i n t e r m e d i a r y  m a g n i f i c a t i o n  
in t he  U V - p a t h ,  th i s  lens  m u s t  be  r e m o v e d  or  t h e  UV-  
r a d i a t i o n  wil l  be  abso rbed .  I n  t h e  case of t h e  s t a n d a r d  
b r igh t f i e ld  32 × Zeiss U l t r a f l u a r  ob jec t ive ,  r e m o v a l  of  
th i s  lens  f r o m  t h e  Le i t z  L a b o l u x  s t a n d  does n o t  r e su l t  in  
a n y  gross  d e t e r i o r a t i o n  in t h e  q u a l i t y  of t h e  v i s ib le  l i g h t  
image.  However ,  no  i n f o r m a t i o n  is y e t  ava i l ab l e  conce rn -  
ing t he  effects  of th i s  m od i f i c a t i on  w h e n  ob jec t ives  of 
h ighe r  m a g n i f i c a t i o n  or  p h a s e  c o n t r a s t  s y s t e m s  are  to  be  
used. T h e  U V - e x p o s u r e  can  be  con t ro l led  e i t he r  b y  re- 
m o v i n g  t h e  ref lex c a m e r a  m i r r o r  f rom t h e  U V - o p t i c a l - p a t h  
or  b y  t h e  s u b s e q u e n t  use  of t h e  s h u t t e r  of t h e  cam er a .  

Results. Thi s  U V - m i c r o b e a m  h a s  p r o v e d  s a t i s f ac t o ry  
for  s tud ies  of m i to t i c  de l ay  in t h e  sea  u rch in  egg x3 a n d  
d i f f e r e n t i a t i o n  de l ay  in t h e  c i l ia te  Stentor14,15 a n d  for  
c lass room d e m o n s t r a t i o n s  of classical  m i c r o b e a m  exper i -  
m e n t s  such  as loss of m i t o t i c  sp ind le  s t r u c t u r e  a n d  
local ized r u p t u r e  of t h e  cell m e m b r a n e 1 ,  ~. 

Discussion. T h e  m a i n  a d v a n t a g e s  of th i s  U V - m i c r o b e a m  
a re  t h e  s impl i c i ty  of cons t ruc t i on ,  t h e  re la t ive  f r eedom 
f rom a l i g n m e n t  p rob lems ,  a n d  t h e  ease  w i t h  w h i c h  dia-  
p h r a g m s  or  o p a q u e  m a s k s  of  d i f f e ren t  sizes a n d  shapes  
can  be  i n t e r c h a n g e d .  The  a p e r t u r e s  c o m m o n l y  used  in  t h i s  
s y s t e m  are  large,  r a n g i n g  f rom I m m  to  as m u c h  as 2 cm 
in  d i ame te r .  Sys t ems  e m p l o y i n g  m i c r o a p e r t u r e s  requ i re  

ca re fu l  a t t e n t i o n  to  t h e  in i t i a l  m a c h i n e w o r k  a n d  to  t he  
f ina l  a l i g n m e n t  of t h e  a p e r t u r e  8. M a c h i n i n g  i r regu la r ly  
s h a p e d  m i c r o a p e r t u r e s  or  i n se r t i ng  o p a q u e  s tops  w i t h i n  
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The UV-optical path of the reflex camera microbeam. When the 
swinging mirror (Sw) of the reflex camera (R) is in position 1, 
UV-radiation from the monochromator (Mo) is projected onto the 
specimen (S) which is covered with a quartz coverslip. The in- 
strument is aimed and focussed with visible light from a sub- 
stage condenser by moving the swinging mirror into position 2 so 
that an image of the specimen is projected on the ground glass 
screen (G) and brought into coincidence with the cross. First 
surface aluminized mirror (Mi); field diaphragm (D) with an 
aperture which defines the size of the microbeam; shutter (Sh); 
microscope (M) ; ultrafluar eyepiece (E) ; ultrafluar objective (O) ; 
binocular eyepieces with slide-in prism (B). 
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aper tures  less t h a n  0.1 m m  in d iamete r  would  be tech-  
nical ly difficult .  Since the  U V - t r a n s m i t t i n g  ob jec t ive  is 
m o u n t ed  in a ro ta t ing  nosepiece and the  choice of con- 
densers is opt ional ,  there  is no necessi ty  of m o v i n g  the  
specimen to  ano ther  microscope for obse rva t ion  wi th  
o ther  types  of optics,  and the  i n s t rumen t  can be used for 
rout ine  purposes when par t ia l  cell i r radia t ion  exper iments  
are not  in progressi% 

laire et  un  object i f  a ch roma t ique  aussi b ien A la lumi~re 
U V  q u ' £  la lumi~re visible. 

R.  C. I~USTAD 

Departments o/Radiology and Biology, 
Case Western Reserve University, 
Cleveland (Ohio 44106, USA), 28 February 1968. 

Rdsumd. On p e u t  i r radier  les r6gions sous-cellulaires si 
la rad ia t ion  U V  d ' u n  m o n o c h r o m a t e u r  est  l imit6e pa r  les 
ouve r tu res  in terchangeables  de champ  dans le plan de la 
pell lcule pho tog raph ique  d ' u n  apparei l  reflex, mont6  sur  
un microscope.  L ' image  UV est d6magnifi6e par  un ocu- 
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Elektr i sche  Eigenschaf ten  v o n  G l a s m i k r o e l e k t r o d e n  nach  M e m b r a n p o t e n t i a l m e s s u n g e n  an Zell-  
kul turen  

Glasmikroe lek t roden  nach LING und GERARD z zur  in t ra-  
zellul[ixen Membranpo ten t i a lmessung  haben  die uner-  
wfinschte Eigenschaf t ,  an  ihrer  Spi tze elektr ische Poten-  
time, sogenannte  , t ip-potent ia ls~  zu bilden. ADRIAN 2 und 
I~fJCHLER a messen am isolierten Froschske le t tmuske l  u m  
so kleinere Membranruhepoten t ia le ,  je  nega t ive r  das , t ip -  
potential,~ der  E lek t rode  ist. ?3ber spezifisch ve ru r sach te  
)knderungen des E lek t rodenwiders tandes  und des , t i p -  
potent ia ls  ~, wie sie bei Po ten t ia lmessungen  an Zel lkul turen  
nach  unseren Beobach tungen  e in t re ten  k6nnen,  soll hier  
ber ich te t  werden.  

Material und Methoden. K.B.-Krebsze l len  wachsen als 
mono laye r  in der  Deckglaskul tur .  Die Messungen des 
Membranpo ten t i a l s  erfolgen in einer feuchten,  the rmo-  
s ta t i s ier ten  Messkammer*.  E ine  K o m b i n a t i o n  aus Mikro- 
skop (Phasenkontras t )  und Mik roman ipu la to r  (beides Fa.  
Carl  Zeiss Jena)  e r laubt  eine schonende Punk t ion  der  
Einzelzel le  un te r  d i rekter  mikroskopischer  Kontrol le .  
Die Glasmikroe lek t roden  (iiusserer Spi tzendurchmesser  

0,5 #, ,Tip-Potent iab> < 5 mV, 20-40 MD) werden  
durch  Kochen  im V a k u u m  m i t  3 tool KC1 gefiil l t  
(s. LEVlNES). Die Po ten t i a lmessung  erfolgt  symmet r i sch  
fiber KCI-Agarbr i icken und Kalomele lek t roden  m i t  dem 
Nega t iv -Capaz i t ance -E lek t rome te r  der  Fa.  Disa  Elek-  
t ron ik  Kopenhagen  (Eingangswiders tand  > 10x°o, Git-  
t e r s t rom < 10X*A, E i n g a n g s k a p a z i t i t  < 1 pF).  Anzeige 
und Regis t r ie rung erfolgt  mi t te l s  Oszil lograph und 
Kamera% ~Viderstand und ,T ip -Po ten t i a l~  werden  un- 
mi t t e lba r  in der  Messkammer  und  im Ni ih rmed ium der  
Zellen (siehe ~) vo r  Beginn der  Messungen und nach  je-  
wells 50 Zel lpunkt ionen gemessen.  Als indif ferente  Elek-  
t rode  t a u c h t  ein dfinnes, mi t  3 mol  KCI-Agar  gefiil l tes 
Gla,sr6hrchen in das N~hrmedium.  

Ergebnisse und Diskussion. Das Membranpo ten t iM in 
der  K.B. -Ze l lku l tu r  unter l ieg t  e twa  einer  Normalver te i -  
lung 7, das  mi t f l e re  Membranpo ten t i a l  be t r i ig t  11-13 m V  
(das Zell innere negat iv) .  Die Punk t ion  der  Zellen erfolgt  
normalerweise  bei unseren Messungen so, dass die Elek t ro-  
denspi tze  das Deckglas  n icht  berfihrt.  Auf  diese ~Veise 
kann  m a n  mehrere  hunde r t  Zellen punkt ieren,  ohne dass 
sich Wide r s t and  RE1 oder  ,T ip -Po ten t i a l~  T P m  der  Mi- 
kroelekt rode  wesent l ich ve r i nde rn .  S t ich t  m a n  dagegen 
durch  die Zellen h indurch  und dr i ickt  m a n  die Elek t ro-  
denspi tze  gegen das Deckglas,  so ve rgnde r t  die Mikro- 

e lekt rode  ihre e lektr ischen Eigenschaf ten  (siehe F iguren  
1 und 2). Mit  zunehmender  Zahl  von Zel lpunkt ionen 
wiichst der  E lek t rodenwiders tand ,  die E lek t rodensp i tze  
wird nega t ive r  (Figur  1). Offenbar  scheint  es sich u m  
einen ,Verschmutzungs~>-Effekt zu handeln,  Zel lmater ia l  
wird  in die (3ffnung der  Mikroelekt rode hineingedri ickt .  
Dies f i ihr t  zu charakter i s t i schen V e r i n d e r u n g e n  der  elek- 
t r ischen Eigenschaf ten  der  MeBsonde. 

Die F igur  2 zeigt, wie sich m i t  z u n e h m e n d e m  Elek t ro -  
denwiders tand  d a s ,  T ip -Po t en t iM,  erh6ht .  KfJCHLER 3 und 
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Fig. 1. Die Ver/inderungen von Widerstand REI und *Tip-Potential* 
TPEI einer Glasmikroelektrode in Ahh~ingigkeit yon der Zahl n der 
punktierten K.B.-Krebszellen. MP6o , Mittelwert des Membranpoten- 
rials aus jeweils 50 Zellen. 
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