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HC1, f ina l ly  aga ins t  dis t i l led water ,  a n d  t he  p r o d u c t  was 
lyophi l ized.  

The  hexose  c o n t e n t  of t he  l y sozyme-ga l ac to sy l amine  
r eac t ion  p r o d u c t  d e t e r m i n e d  b y  t he  orcinol  m e t h o d  was 
2.0% (1.6 ga lac tose /mol  pro te in)  in  u r ea  a n d  2.8% (2.2 
ga lac tose /mol  pro te in)  in  guan id ine  HC1 solut ion.  The  
l ac tosy lamine  d e r i v a t i v e  o b t a i n e d  in guan id ine  HC1 
so lu t ion  c o n t a i n e d  8.8% of hexose  (3,6 l ac tose /mol  
prote in) .  The  coupl ing  of D-glucosamine u n d e r  t he  same  
cond i t ions  yie lded a p r o d u c t  c o n t a i n i n g  1.5% (1.2 ml  
g lucosamine /mo l  pro te in)  g lucosamine ,  as d e t e r m i n e d  b y  
the  M o r g a n - E l s o n  me t hod .  

The  presence  of galactose,  ga lac tose  plus  glucose, or 
g lucosamine  r e spec t ive ly  was d e m o n s t r a t e d  in t he  acid 
hyd ro ly sa t e s  of t he  p r o d u c t s  b y  t h i n  layer  c h r o m a t o -  
g r a p h y  5. 

The  e lec t rophore t i c  m o b i l i t y  of t he  ga l ac to sy l amine  
a n d  of t h e  g lucosamine  de r i va t i ve s  in  a c r y l a m i d  gels in  
t h e  presence  of sod ium dodecy l  sul fa te  ~ was essent ia l ly  
t h e  same  as of t he  u n t r e a t e d  lysozyrne.  The  l a c to sy l amine  
d e r i v a t i v e  m i g r a t e d  s o m e w h a t  slower, as could be  
expec ted  f rom the  gain  in molecu la r  we igh t  due  to t he  
c a r b o h y d r a t e  residues.  

P e p t i d e  m a p s  of t he  c a r b o x y m e t h y l a t e d  7 p r o d u c t s  were 
p e r f o r m e d  on sil ica t h i n  layer  s (Figure  1) a f t e r  t r y p s i n  
digest ion% S u g a r - c o n t a i n i n g  pep t ides  were d e m o n s t r a t e d  
on  t h i n  layer  e l e c t r o p h o r e g r a m m s  de tec ted  successively  
b y  n i n h y d r i n e  a n d  b y  orcinol-sulfur ic  acid r eagen t s  s 
(Figure 2). 

The  f inge rp r in t s  of b o t h  t h e  lac tosyl -  a n d  t he  galacto-  
sy l amine  de r i va t i ve s  differ  s ign i f i can t ly  f rom t h a t  of t he  
lysozyme.  The  absence  of t he  C- t e rmina l  leucine on  t he  
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Fig. 2. Electrophoregramm of the tryptic peptides on silica thin 
layer. Buffer: pyridine-aeefic acid-water 1:10:89, 2 h, 300 V. O, nin- 
hydnne positive sports; O, ninhydrine and oreinol positive spots, a) 
glyeosylgalactosylhydroxylysine; b) lysozyme; e) galactosylamine-; 
d) lactosylamine derivative. 

pep t i de  m a p  of t he  l ac to sy l a t ed  p r o d u c t s  ind ica tes  t h a t  
t he  C- t e rmina l  c a r b o x y l  was  q u a n t i t a t i v e l y  modif ied  b y  
t h e  l ac tosy lamine .  The  presence  of 3.6 tool of lac tose  in 
one tool  of p ro te in ,  as well  as t he  presence  of severa l  
suga r - con t a in ing  pep t ides  in  t he  t r y p s i n  digest,  sugges t  
t h a t  t he  m a j o r  p a r t  of t he  l ac tosy lamine  m u s t  be  b o u n d  
to t he  free c a r b o x y l  groups  of g lu t amic  a n d / o r  a spa r t i c  
acid res idues  (2 g lu t amic  and  7 a spa r t i c  acid res idues  
were found  in lysozyme b y  CANFIELD a n d  ANFINSEN 9. 

The  orcinol  r eac t ion  of t he  t r yp r i c  pep t ides  of t he  
ga l ac tosy la t ed  p r o d u c t  on  t he  e l ec t ropho reg rams  of 
sil ica t h i n  layers  was  m u c h  weaker  t h a n  those  of t he  
l ac tosy lamine  der iva t ives .  The  leucine spot  on t h e  
pep t ide  m a p  of t he  ga l ac tosy lde r iva t ive  was a lmos t  as 
a c c e n t u a t e d  as on  t he  co r re spond ing  pep t ide  m a p s  of t he  
u n c h a n g e d  lysozyme.  Th i s  suggests  t h a t  none  of t h e  
ava i l ab le  c a r b o x y l  g roups  of th i s  p r o d u c t  is g lycosyla ted  
q u a n t i t a t i v e l y  u n d e r  t he  cond i t ions  used. 

The  presence  of t h e  sugars  in  a non-d ia lysab le ,  e lectro-  
phore t i ca l ly  homogenous  p r o t e i n  der iva t ive ,  as well  as 
t he  presence  of suga r - con ta in ing  pep t ides  in  i ts  t r y p t i c  
digest,  i nd ica te  t h a t  th i s  s imple  m e t h o d  pe rmi t s  t he  
i n t r o d u c t i o n  of well  def ined  oligo- and  monosaccha r ides  
in to  p ro t e in  molecules  u n d e r  mi ld  cond i t ions  b y  m e a n s  
of a n a t u r a l l y  occur r ing  g lycosy lamine  bond .  

Rdsumd. Mono- et  o l igosacchar ides  on t  6t6 a t t a ch6s  au 
lysozyme p a r  une  l ia ison g lycosy lamin ique ,  en  f a i s an t  
r6agir  les p ro t6 ines  ac t iv6es  sur  les g r o u p e m e n t s  ca rboxy-  
l iques  p a r  carbodi imides ,  a r e a  des g lycosylamines .  
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A Microlathe for Constructing Miniature Multibarrel Micropipettes 
for Iontophoretic Drug Application 

Var ious  t e c h n i q u e s  for t h e  c o n s t r u c t i o n  of m u l t i b a r r e l  
mic rop ipe t t e s  for t h e  mic ro - ion tophore t i e  app l i c a t i on  of 
d rugs  to  neu rones  h a v e  been  pub l i shed .  CURTIS ~ has  
descr ibed a large m u l t i b a r r e l  e lec t rode  (Figure  1) wh ich  
m u s t  be h a n d m a d e  b y  an  exper i enced  glassworker ,  a 
l i m i t a t i o n  wh ich  t o g e t h e r  w i t h  t he  large d rug  vo lume  
required ,  reduces  i ts u t i l i ty .  HERZ et  al. (in KRNJEVlC 2) 
h a v e  descr ibed  a t e c h n i q u e  us ing  c e m e n t e d  glass t u b e s  
wh ich  are  tw i s t ed  t o g e t h e r  j u s t  p r io r  to  pul l ing.  Unfor -  
t u n a t e l y ,  whi le  th i s  t e c h n i q u e  p roduces  exce l len t  smal l -  
sized electrodes,  cons iderab le  t i m e  m u s t  be  devo t ed  to 
acqu i r ing  t h e  t e c h n i q u e ;  t h e  e lec t rodes  t e n d  to be  v e r y  
va r i ab l e  in  t h e i r  p rope r t i e s  and  d imens ions  a n d  t h e  t ip  
l e n g t h  can  se ldom be  longer  t h a n  5 ram.  

The  m i c r o l a t h e  descr ibed  here  p e r m i t s  the  c o n s t r u c t i o n  
of e lec t rodes  h a v i n g  3 or more  bar re l s  w i t h  r ep roduc ib le  
cha rac te r i s t i c s  and  w i t h  smal l  (1.5-2 ram) d i a m e t e r  t i p  

ex tens ions  of up  to  2 cm or more  which  pe rmi t s  t he i r  use 
in i nves t i ga t i ng  deep b r a i n  nuclei .  This  micro la the ,  t he  
des ign of wh ich  is based  on  t he  c o n v e n t i o n a l  g lassworkers  
la the ,  allows s i m u l t a n e o u s  ro ta t ion ,  hea t ing ,  fusing,  and  
d rawing  a p a r t  of t he  sof tened  glass e lect rode b lank .  The  
essent ia ls  of t he  l a the  are ev iden t  f rom Figure  1. 

An  a l u m i n i u m  opt ica l  b e n c h  (B) fo rms  t he  bed  of t h e  
l a t h e  u p o n  wh ich  a p l a t f o r m  (P) can  be  m o v e d  b y  m e a n s  
of a r a c k  a n d  p in ion  (R) s. I t  is i m p e r a t i v e  t h a t  t he  pa i r  of 
gears on t h e  h e a d  and  t a i l s tock  shou ld  h a v e  t h e  same 
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2 K. KRNJEVlC, Methods o] Neurochemistry (Ed. R. FRIED, Marcel 
Dekker, New York 1971), p. 129. 
Edmund Scientific Co., Barrington N. J., USA; Catalogue Num- 
bers: Bench 60,573, Platform 40,891. 



1578 Speeialia EXPERIENTIA 29/12 

ra t ios  since b o t h  chucks  m u s t  r o t a t e  in  synchrony .  A n y  
su i tab le  gears can  be used, those  in t he  l a the  descr ibed  
came  f rom a b o m b s i g h t  compute r .  

D r a w i n g  ou t  t he  t u b i n g  is accompl i shed  b y  m o v i n g  
t h e  r o t a t i n g  t a i l s tock  (T) a w a y  f rom t h e  h e a t e r  (H) whi le  
t he  glass is st i l l  soft, b y  means  of a r ack  a n d  p in ion  
m e c h a n i s m  (R). A k e y w a y  in t he  lower d r iv ing  sha f t  (D) 
engages  w i t h  a p in  in t h e  lower t a i l s tock  gear  (L) a n d  
couples  t he  r o t a r y  m o t i o n  to t he  ta i l s tock,  a l lowing i t  to  
con t inue  to  r o t a t e  while  t he  h o t  t u b i n g  is d r a w n  out.  

A hol low sha f t  (S) t h r o u g h  which  t he  lower d r ive  sha f t  
slides shou ld  e x t e n d  rough ly  25 m m  on e i the r  side of the  
lower t a i l s tock  gear  in  o rder  to  min imise  b i n d i n g  of t h e  
dr ive  sha f t  as t he  ta i l  s tock  of rocked fo rward  and  back.  
A t  the  ou te r  end  of th i s  hol low sha f t  is f i t t ed  t he  p in  
wh ich  engages  w i t h  t he  keyway.  

A geared  DC m o t o r  (M) powered  b y  a s imple  va r i ab l e  
vo l tage  supp ly  so as to  give a chuck  r o t a t i o n a l  speed of 
60-120 rpm,  is used to  d r ive  t he  la the .  Care excerised in 
the  c o n s t r u c t i o n  a n d  a l i g n m e n t  of t he  l a the  so t h a t  i t  
runs  freely, will  m e a n  t h a t  on ly  a sma l l  dr ive  m o t o r  will 
be  requi red  since t he  sof tened  glass imposes  l i t t l e  load on  
t he  mechan i sm.  Three  j aw  electr ic  dri l l  chucks  are used 
to  ho ld  t he  glass t u b i n g  a n d  t he  inne r  surfaces  of t he  jaws  
should  be as s m o o t h  as possible  to  p r e v e n t  s h a t t e r i n g  t h e  
t u b i n g  as t he  chucks  are t i gh tened .  

A s imple  8 to  9 m m  d i a m e t e r  single layer  h e a t i n g  coil 
of 20 g N i c h r o m e  wire fo rms  t he  h e a t i n g  coil (H). Power  
for t he  h e a t e r  is o b t a i n e d  t h r o u g h  a s t ep -down  t r a n s -  
fo rmer  (10 V 10A) wh ich  has  a full wave  t h y r i s t o r  domes-  
t ic  l amp  d i m m e r  in series w i t h  t h e  p r i m a r y  winding.  Al ter -  
na t ive ly ,  a Var iac  can  be  used ins t ead  of t h e  d immer .  

E l ec t rode  b l a n k s  are c o n s t r u c t e d  us ing  1.3 m m  (or 
smaller)  d i a m e t e r  t h i n  wai led  P y r e x  cap i l l a ry  tub ing .  I t  
is p re fe rab le  to  use t u b i n g  wh ich  is s l igh t ly  la rger  in  
d i a m e t e r  for  t he  cen t re  t u b e  ( roughly  + 0.01 ram).  I f  t h e  
t u b i n g  is p u r c h a s e d  in bulk,  t h e n  g rad ing  pr io r  to  c u t t i n g  
is easi ly pe r fo rmed  us ing  a pa i r  of ve rn i e r  calipers.  

The  e lect rode glass should  be p re -cu t  a n d  t he  ends  fire 
po l i shed;  t he  side t ubes  be ing  ha l f  t he  l eng th  of t h e  
cen t re  tube .  Fol lowing th i s  t he  t u b e s  are w a s h e d  in 
ch romic  acid, fol lowed b y  dis t i l led water ,  d ry  ace tone  a n d  
t h e n  air  dried.  

A n  a s sembly  jig which  can  be f ab r i ca t ed  f rom a p las t ic  
i ml  'Tube rcu l i n '  syr inge (Figure 2a) is used to  aid 
a s sembly  and  min imize  h a n d  c o n t a c t  w i t h  t h e  glass. A 
pa i r  of sp r ing  wire clips can  be  c o n s t r u c t e d  to ho ld  t h e  

Fig. 1. Overall view of the lathe. The spring clips (C) used to hold the 
glass bundles together can be dearly seen. The large knob (with arrow) 
in the lower RHS controls the tail stock movement. To the bottom 
left of the headstock (A) can be seen the drive motor worm gear and 
pinion (M). The other parts identified by letters are described in the 
text. 

b u n d l e  of glass t o g e t h e r  (Figure 1, C) or a l t e r n a t i v e l y  t h e  
b u n d l e  can  be b o u n d  w i t h  fine wire (Figure 2a). 

H e a t e r  t e m p e r a t u r e s  a n d  h e a t i n g  t i m e  pr io r  to  d rawing  
t h e  t u b i n g  m u s t  be  d e t e r m i n e d  empir ica l ly .  Suff ic ien t  
h e a t  m u s t  be  g iven  to  fuse t h e  t u b e s  l a t e ra l ly  w i t h o u t  
caus ing  t h e  l u m e n  of t h e  t u b e  to s h r i n k  a n d  t h e  ro t a t iona l  
r a t e  shou ld  be  such  as to  j u s t  p r e v e n t  no t i ceab le  sagging 
of t h e  sof tened glass bundle ,  b u t  n o t  enough  to  cause  the  
sof tened  t u b e s  to  f ly a p a r t  - a b o u t  60 r p m  ap p ea r s  to  be  
adequa te .  Some v e r y  s l ight  sagging a n d  t h e  r e s u l t a n t  
roi l ing ac t ion  of t h e  sof tened  glass helps  t h e  side t ubes  
to  fuse to t h e  cen t re  one. 

Af te r  f rom 40-60  sec of h e a t i n g  (coil b r i g h t  yellow) t h e  
r o t a t i o n a l  r a t e  is increased  to a b o u t  100 r p m  whi le  
d rawing  t h e  b l a n k  out .  I t  is n o r m a l l y  suff ic ient  to  m o v e  
t h e  ta i l  s tock  b a c k  i to  1.5 cm to o b t a i n  a r e a s o n a b l y  
long t ip  l e n g t h  - a l t h o u g h  if longer  e lec t rodes  are requ i red  
t h e  ta i l  s tock  can  be  m o v e d  as far  as desired.  The  h e a t e r  
shou ld  be t u r n e d  off w h e n  t h e  pul l ing  process  s t a r t s  and  
t h e  e lect rode b l a n k  should  be a l lowed to  con t inue  
r o t a t i n g  un t i l  cool before  removing .  

The  f in i shed  b l a n k s  (Figure 2a) are t h e n  d r a w n  us ing  a 
c o n v e n t i o n a l  ve r t i ca l  or h o r i z o n t a l  e lec t rode  pul le r  an d  
w i t h  as smal l  a h e a t i n g  coil d i a m e t e r  as possible.  B o t h  
e lectrodes  should  be  usable.  

Cen t r i fuga t ion  has  p r o v e n  to be t h e  bes t  m e t h o d  of 
f i l l ing t h e  e lect rodes  since t h e  diff icul t ies  of i n se r t ing  
glass f ibres  in to  d r a w n  b l a n k s  a n d  the  vagar ies  of pu l l ing  
caused  b y  t h e  f ibres  makes  th i s  m e t h o d  a comple t e ly  
u n s a t i s f a c t o r y  one for  these  electrodes.  To th i s  end  a 
collar  of 22 g copper  wire  (Figure 2a, C) is s l ipped over  
t h e  s h a n k  of t h e  e lec t rode  (from t h e  t ip  end)  a n d  a smal l  
a m o u n t  of f a s t - s e t t i ng  epoxy  c e m e n t  is sp read  careful ly  
a r o u n d  t h e  col lar  a n d  w a r m e d  gen t ly  ove r  a smal l  f lame. 
Th i s  w a r m i n g  serves to l iquefy  t h e  epoxy  which  t h e n  
flows be tween  t h e  t ubes  an d  t h e  col lar  a n d  t h e n  sets  
r ap id ly  re inforc ing  th i s  unfused  sect ion of t h e  electrode.  

A c o n v e n t i o n a l  solid cent r i fuge  ro to r  ~ is used, since 
swing-out  b u c k e t  heads  p roduce  too  m u c h  a i r  drag,  
caus ing  b o t h  slow r u n n i n g  a n d  o v e r h e a t i n g  of t h e  
centr i fuge.  The  ro to r  is a d a p t e d  for e lect rode cent r i fu-  
ga t ion  b y  p lugg ing  oppos i te  holes w i t h  two  iden t ica l  
bo red  h a r d  r u b b e r  s toppers ,  i n to  which  a h a r d  p las t ic  
sleeve (agains t  wh ich  t h e  wire  col lar  bears)  are inse r t ed  
(Figure  2c). Such  sleeves can  be c o n s t r u c t e d  f rom p las t i c  
d isposable  h y p o d e r m i c  syr inge needle  covers.  I n  o rder  
to  reduce  air  d r ag  sti l l  f u r t h e r  t h e  v a c a n t  ro to r  holes  
should  be  t a p e d  over  on b o t h  t h e  t o p  an d  b o t t o m .  

Elec t rodes  are filled us ing  t h i n  (PE  10) c a t h e t e r  
tub ing ,  t h e  solut ions  be ing  f i l tered t h r o u g h  a 0.4 a m  
'Mil l ipore '  f i l ter  before use, a n d  t h e  fi l l ing t u b e  r insed  in 
f i l tered dis t i l led w a t e r  before a n d  a f t e r  i n se r t ing  in to  t he  
electrodes.  Care m u s t  be t a k e n  to  exclude  a i r  b u b b l e s  
an d  n o t  to  overf i l l  t h e  barrels .  Model  m a k e r ' s  p a i n t s  are 
used to  i den t i fy  t h e  barrels .  

J u s t  p r io r  to  c en t r i f u g a t i o n  t h e  e lec t rode  t ips  are 
b r o k e n  back  to give t ip  d i a m e t e r s  of f rom 3-7 ~zm, b y  
p u s h i n g  them,  u n d e r  microscope control ,  in to  a po l i shed  
m e t a l  block.  This  seems to be t h e  m o s t  re l iable  an d  con- 
t ro l lab le  m e t h o d  of do ing  th i s ;  t h e  e lec t rode  is c l ipped 
on to  t h e  t r a n s v e r s e  ca r r ie r  of t h e  mech~/nical  s tage,  a n d  
t h e  b lock  m o u n t e d  over  t h e  condense r  lens. 

A n  a d d i t i o n a l  a d v a n t a g e  of e lec t rodes  co n s t ru c t ed  in  
th i s  m a n n e r  is t h a t  a connec to r  can  be c o n s t r u c t e d  to  
connec t  t h e  d rug  bar re l s  to  t h e  c u r r e n t  source (SPxNCERS), 
which  grea t ly  fac i l i ta tes  t h e  chang ing  of e lec t rodes  d u r i n g  
an  expe r imen t .  Such  a connec to r  is i l l u s t r a t ed  in  F igure  

I. E. C, 800 Series Centrifuge. 
5 H.J .  SPENCER, Med. biol. Engng. 9, 683 (1971). 
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Fig. 2 (a) Stages in the construction of the electrode, together with an electrode of the type employed by CIJRTIS L for comparison. From the 
left; bundle of glass tubes wired together in the assembly jig; blank electrode assembly following fusion and drawing in the lathe and a finished 
electrode with the collar (C) fitted after having been pulled in a conventional microelectrode puller and ready for filling. Below the finished 
electrode is a coil of copper wire from which collar rings (below the coil) can be cut using a pair of diagonal wire cutters. (b) A microelectrode 
being used to record from the rat caudate nucleus. The connecting plug (P) is constructed from a length of 6 to 7 mm nylon rod (see text). The 
small vertical rods on the skull are st imulating electrodes. (c) Adapter for filling the electrodes by centrifugation. Since the rotor holes are 
oblique, the hole in the stopper mus t  be sufficiently large to prevent its narrowing when the stopper distorts under centrifugal force. The 
plastic support (S) is a push fit into the stopper hold. 

2b a n d  c a n  c o m p r i s e  p a r t  of  t h e  m i c r o - e l e c t r o d e  ho l de r .  
E s s e n t i a l l y  t h e  c o n n e c t o r  is  c o n s t r u c t e d  f r o m  a 6 t o  7 m m  
d i a m e t e r  c y l i n d e r  of  n y l o n  or  t e f lon ,  p e r f o r a t e d  w i t h  a 
c e n t r a l  ho l e  fo r  t h e  c e n t r a l  ba r r e l ,  w i t h  o n e  l a t e r a l  h o l e  
p e r  ba r r e l ,  i n t o  w h i c h  p l a t i n u m  wi re  c o n t a c t s  a r e  f i t t e d .  
T h e  j u n c t i o n  b e t w e e n  t h e  p l a t i n u m  wi r e  a n d  t h e  c a b l e  
s h o u l d  be  i n s u l a t e d  w i t h  ' f o r m v a r '  l a c q u e r  o r  i t s  e q u i -  
v a l e n t  a n d  t h i s  j u n c t i o n  s h o u l d  be  w i t h i n  t h e  p l a s t i c  
c y l i n d e r  to  r e d u c e  s t r a y  l e a k a g e  p a t h s .  T h e  c o n n e c t o r  
s h o u l d  b e  r i n s e d  a f t e r  u s e  w i t h  d i s t i l l e d  w a t e r ,  f o l l o w e d  
b y  d r y i n g  w i t h  a c e t o n e  o r  a b s o l u t e  a l coho l .  

Rdsumd. O n  d6c r i t  u n  m i c r o - t o u r  p o u r  c o n f e c t i o n n e r  de  
p e t i t e s  m i c r o 6 1 e c t r o d e s  ~ p l u s i e u r s  p i p e t t e s  d e s t i n 6 e s  

a p p l i q u e r  d e s  d r o g u e s  a u x  v o i s i n a g e  de s  n e u r o n e s .  Ces  
mic ro@lec t rodes  o n t  d e s  t i g e s  d r o i t e s  e t  l e u r  g@om6tr ie  e t  
l e u r s  p a r t i c u l a r i t 6 s  s o n t  t r 6 s  u n i f o r m e s .  O n  p e n t  f a i r e  
I a c i l e m e n t  de s  @lectrodes k p o i n t e s  l o n g e s  (2 cm)  e t  f i ne s  
p o u r  les i n t r o d u i r e  d a n s  les s t r u c t u r e s  p r o f o n d e s  d u  
c e r v e a u .  O n  e x p o s e  a u s s i  u n e  m 6 t h o d e  p e r m e t t a n t  de  
r e m p l i r  les 61ec t rodes  p a r  c e n t r i f u g a t i o n  e t  d ' 6 t a b l i r  u n  
a s s e m b l a g e  de  c o n n e c t i o n .  
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