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A S i m p l e  Dev ice  for M e a s u r e m e n t  of Circular  
D i c h r o i s m  in the  Vis ib le  and Ul trav io l e t  R e g i o n s  

Circu la r  d ichro ism (CD), i.e. the  difference in absorba-  
b i l i ty  for left and r ight  circularly polar ized light,  is widely  
used as a tool  for de te rmin ing  the  s t ruc tu re  of organic 
compounds  ~-3. 

A commerc ia l  recording appa ra tus  for m e a s u r e m e n t  of 
CD, the  Dichrograph  4,5, is avai lable  bu t  r a the r  expensive .  
Therefore  a s impler  appa ra tu s  m a y  be sui table for those  
who wish to  use CD measu remen t s  only occasionally.  
Simple devices for this  purpose  have  been  cons t ruc ted  b y  
o thers  ~-o b u t  in mos t  of the  pubhca t ions  only few detai ls  
are given. 

Though  the  appa ra tu s  which  we cons t ruc ted  is only  
ano the r  appl ica t ion  of a wel l -known principle,  a sho r t  
descr ip t ion  of i t  m a y  be useful as the  cons t ruc t ion  is 
s imple and fairly precise measu remen t s  can be made  wi th  
it ve ry  easily. This  device m a y  be a t t r ac t ive  for others,  
especially for those  who possess a Zeiss spec t ropho to -  
meter .  

The principle of the appa ra tu s  is as follows (Figures 1 
and  2) : A monochromat i c  l ight  beam passes an e n t r y  slit  
(A) and a calcite polarizing pr ism of the  Glan type  (di- 
mensions  15.  1 5 - 1 6  ram, aper ture  9 ~ ) so t h a t  it  be- 
comes plane-polar ized.  

The polarizer  is m o u n t e d  in such a way  t h a t  i t  can be 
ro t a t ed  th rough  an angle of 90 ~ by  moving  a handle  (B) 
in a slot (C). Thus  the  plane of polar izat ion is caused to  

make  an angle of 45 ~ to  the  left  or t h e  r ight  w i th  the  
vertical .  These  angles m a y  be ad jus ted  once and for all by  
means  of the  screws (D). The beam passes a d i aph ragm (E) 
to e l iminate  s t r ay  l ight  and is to ta l ly  ref lected twice in a 
Fresnel  r h o m b  (F) of suprasil .  This  r h o m b  was made  for 
us by  Heraeus  Quarzschmelze H a n a u ;  t he  d imensions  
are given in Figure 3. 

In  th is  r h o m b  the  b e a m  is resolved into two compo-  
nents ,  v ib ra t ing  in and  perpend icu la r  to  the  p lane  of 
reflection, respect ively.  The phase  difference (~) be tween  
these  c o m p o n e n t s  is ~/4 ~ or 90 ~ so t h a t  t h e y  resul t  in a 
circularly polar ized beam (left or r ight  depending  on the  
posi t ion of the  polarizer).  Behind  the  Fresnel  r h o m b  a 

1 C. DJERASSI, Optical Rotatory Dispersion (McGraw-Hill, New 
York 1960). 
L. VELLWZ, M. LEGRAND and M. GROSJEAN, Optical Circular 
Dichroism (Verlag Chemie, Weinheim 1965). 

3 p. CRABB~, Optical Rotatory Dispersion and Circular Dichroism 
in Organic Chemistry (Holden Day, San Francisco 1965). 

t M. GROSJEA~ and M. LE~RAND, C. r. S6anc. Acad. Ilatn. Sci 
Bordeaux 251, 2150 (1960). 

5 L. VELLIJZ and M. LEGRANI~, Angew. Chemie 73, 603 (1961). 
s S. MITCHELL, Nature 766, 434 (1950); 768, 662 (1951); J. chem. 

Soc. 1950, 3440; Unicam Spectrovision (1958), No. 6, p. 6. 
7 A. COTTON, Annls Chim. Phys. 8, 358 (1896). 
s S. F. MASON, J. chem. Soe. 1962, 3285. 
9 R. DEEN, Optica~l Rotatory Dispersion o! Some Organic Molecules 

(Thesis, Leiden 1961). 

Fig. 1. Top view of circular dichroism attachment. Fig. 2. Overall view of circular diehroism attachment. 
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supras i l  c u v e t t e  (G) of 1 or 2 cm  l ight  p a t h  can  be in-  
ser ted.  

I t  m a y  be n e c e s s a r y  to place a d i a p h r a g m  beh ind  t he  
c u v e t t e  in order  to  r e m o v e  s econda ry  non-po la r i zed  pro-  
jec t ions  p roduced  b y  t he  polarizer .  

All p a r t s  are enclosed in a h o u s i n g  (outer  d i m e n s i o n s  
86 �9 86 .  200 m m )  wh ich  can  be closed l i gh t - t i gh t  w i th  a 
lid (H). Th i s  h o u s i n g  is screwed on to  a s t a n d  wh ich  can  be 
f ixed on  the  opt ica l  b e n c h  of the  s p e c t r o p h o t o m e t e r  (by 
m e a n s  of the  screw (J)) (Figure  2) in place of the  n o r m a l  
c u v e t t e - h o u s i n g  of t he  s p e c t r o p h o t o m e t e r .  The  pho toce l l  
c o m p a r t m e n t  of t h e  s p e c t r o p h o t o m e t e r  is f ixed b e h i n d  
the  h o u s i n g  wi th  t h e  screws (K). The  opt ica l  p a r t s  can  be 
cen t r ed  in the  l igh t  b e a m  coming  f rom the  m o n o c h r o -  
m a t o r  b y  m e a n s  of t he  screws (L). 

T he  photoce l l  c o m p a r t m e n t  m u s t  be d isplaced la te ra l ly  
exac t l y  19.1 m m  f rom its  n o r m a l  posi t ion,  co r r e spond ing  
w i th  t h e  la tera l  d i s p l a c e m e n t  of the  l igh t  b e a m  b y  t he  
F re sna l  r h o m b .  

T h e  circular  d i ch ro i sm  d e  of a so lu t ion  a t  a g iven  wave-  
l eng th  is m e a s u r e d  b y  d e t e r m i n i n g  the  difference be tw e e n  
t he  ex t inc t i ons  EL and  ER in left  and  r i gh t  c i rcu la r ly  
polar ized l ight  w i t h  t he  polar izer  in the  2 e x t r e m e  posi-  
t ions  (e.g. b y  a rb i t r a r i l y  s e t t i ng  e x t i n c t i o n -  zero for 
r igh t  c i rcular  an d  r ead ing  t he  ex t i nc t i on  for left circular).  
Ae  is g iven  b y  t h e  f o r m u l a :  

Ae - -  E L - -  E R  
1C ' 

where in :  1 = p a t h  l e n g t h  in cm;  

C = c o n c e n t r a t i o n  in M / 1 .  

T he  'mo lecu la r  e l l ip t ic i ty '  [0] in degrees  per  M/100  ml /  
10 cm  is: 

[0] 2303 4.500 Ae = 3298 Ae(app rox i lna t e ly ) .  

A b o u t  t h e  c o n s t r u c t i o n  of t he  a p p a r a t u s  and  the  pos- 
sible errors  in t h e  readings ,  we m a k e  the  fol lowing re- 
m a r k s :  I n  principle,  the  convers ion  of p lane-po la r ized  
l igh t  to  c i rcular ly  polar ized l igh t  could be done b y  a n y  
' q u a t e r - w a v e  p l a t e '  bu t  such  a p la te  would  on ly  be su i t -  
able for one p a r t i cu l a r  w a v e l e n g t h  (or a v e r y  shor t  r ange  
of wave leng ths ) .  A device su i t ab le  for a wide r ange  of 
w a v e l e n g t h s  w i t h o u t  a n y  mechan i ca l  cor rec t ion  is g iven  
by  the  Fresne l  r h o m b  1~ as the  phase  di f ference (d) is no t  
caused  b y  de lay  b u t  by  2 p h a s e  j umps ,  on ly  d e p e n d i n g  
on t h e  angle  of ref lec t ion  (~) and  t he  i ndex  of ref rac t ion(n)  
and  is gove rned  b y  the  f o r m u l a :  

cos~ I / ; # - s i n ~ =  i ~ 
t a n  - = 

4 n sin 2 

W e  chose  c~ -  53 ~ , b u t  as t he  b e a m  c o m i n g  f rom the  
m o n o c h r o m a t o r  is no t  s t r i c t ly  paral lel ,  e a c tua l l y  va r ied  
f rom 50.750-55.25 ~ . 

Th e  index  n for q u a r t z  var ies  f rom 1.50-1.46 in t he  
w a v e l e n g t h  region 250-600 nm.  W i t h  these  da ta ,  t he  
fol lowing va lues  for d were ca lcu la ted :  

- 50.75 ~ c~ = 51.5 ~ ~ - 53 ~ r - 55.25 ~ 

n - 1.50 90 ~ 16' 91 ~ 4 '~ 90 ~ 8' 88 ~ 16' 

n 1.46 83 ~ 28' 84 ~ 44'~ 83 ~ 52' 

The values, marked with ~, are the maxima of the function. 

The  inf luence  of va r i a t i ons  of ~ on t he  va lues ,  m e a s u r e d  
for Ae, can  be ca lcu la ted  a p p r o x i m a t e l y  w i t h  t he  follow- 
ing f o r m u l a  : 

Ae" = Ae  s i n ~ ,  

where in  Ae '  -- m e a s u r e d  va lue ,  

z]e = correc t  va lue .  

I t  p roves  t h a t  the  error  is a lw a ys  < 0.65% and,  therefore ,  
negligible.  

Fig. 3. Dimensions of Fresnel rhomb in circular dichroism attachment. 
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Fig. 4. Circular dichroism spectrum of testosterone (in dioxane). 
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Fig. 5. Circular dichroism spectrum of 3fl-hydroxy-androstan-17-one 
(in dioxalle). 
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Our i n s t r u m e n t  has the  d i sadvan tage  tha t ,  w i t h o u t  
cuve t te ,  t h e  readings  of t he  p h o t o m e t e r  a t  t h e  2 pos i t ions  
of the  polar izer  are no t  exac t ly  the  same, a l though  t h e y  
should be theoret ica l ly .  We do no t  whol ly  u n d e r s t a n d  
th is  phenomenon ,  bu t  par t ia l  polar izat ion of the  l ight  in 
the  m o n o c h r o m a t o r  and  inhomogene i ty  of the  polar izer  
m a y  be two of the  causes. W i t h o u t  cuve t t e  we f ind a 
small  difference (EL -- ER) which  varies wi th  wave leng th  
bu t  is i n d e p e n d e n t  of slit  w i d t h  and  hence of l ight energy.  
The values  are no t  a l tered by  placing a cuve t t e  w i th  sol- 
v e n t  in the  beam.  Therefore  a b lank  curve should be 
t aken  wi th  a cuve t t e  w i th  solvent ,  and  the  values  
measured  for t he  solut ion are corrected by  sub t rac t ion  
of the  b lank  values. The qua l i ty  of the  cuve t tes  used for 
the  m e a s u r e m e n t s  is ve ry  impor tan t .  Some of our  cu- 
ve t t e s  appea red  to be b i re f r ingent  (owing to  strain) and  
therefore  useless, and  in some cases we found  h igh  b l ank  
values for a par t icu lar  cuve t t e  which  could be inf luenced 
by  inver t ing  the  cuvet te .  Never the less  some commerc ia l  
cuve t tes  were selected t h a t  showed none of these  dis- 
advantages .  

To d e m o n s t r a t e  the  u t i l i ty  of the  appara tus ,  t he  CD 
curves of t e s tos te rone  and  3f l -hydroxy-(5a)-andros tan-  

17-one ob ta ined  wi th  the  i n s t r u m e n t  are given in Figures  
4 and  5. These  curves  agree well w i th  the  publ i shed  
values  5. P robab ly ,  the  t ransmiss ion  of the  appa ra tus  in 
t he  UV-region can be improved  b y  using a quar t z  
polar izer  ins tead  of a calci te  one. (We used the  calcite 
polar izer  because it h a p p e n e d  to be available n). 

Zusammen/assung. Es wird  ein e infacher  A p p a r a t  be- 
schrieben,  der  als Zusatzger/ i t  zum Zeiss -Spekt ra lphoto-  
m e t e r  PMQ n zur Messung von Zirkulardichroismus zu 
ve rwenden  ist. 
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I m m u n o f l u o r e s c e n t  Local izat ion of 
TAMM-HORSFALL i u c o p r o t e i n  

TAMM-HORSFALL mucopro te in  1 exists  normal ly  in hu- 
m a n  urine as a h igh ly  aggregated,  double  s t r anded  fila- 
men tous  molecule 2,3 hav ing  a molecular  we igh t  of 
app rox ima te ly  7 mill ion 1. I t  has  recent ly  been  shown  
t h a t  the  large, na t ive  form of this  p ro te in  m a y  be dis- 
sociated or d isaggregated  b y  var ious  means4-S, and  some 
evidence has  become avai lable to indicate  t h a t  t he  basic 
monomer ic  subuni t ,  re ta in ing  hemagglu t ina t ion  inhibi-  
t ion  ac t iv i ty  and  all the  immunologic  d e t e r m i n a n t s  of the  
pa r en t  molecule,  has  a molecular  weight  in t he  region of 
95,000-112,0009. The cellular origin of the  mucopro te in  
has been  assumed to be r a the r  high in the  nephron ,  since 
a t t e m p t s  to  d e m o n s t r a t e  se rum precursors  have  been  
unsuccessful  l~ and  since cas t  mater ia l  f rom pa t i en t s  
wi th  acute  renal  failure or wi th  t he  nephro t ic  synd ro me  
has  been  found  to  consis t  a lmost  ent i re ly  of TAMM- 
HORSFALL mucopro te in  n,~2. An immunof luo rescen t  t ech-  
nique has  been used in a s t u d y  of the  local izat ion of th is  
mucopro te in  in sect ions of h u m a n  kidney.  

Nat ive  TAMM-HORSFALL m u c o p r o t e i n  was p repa red  
f rom h u m a n  ur ine by  prec ip i ta t ion  in 0.58 molar  NaC1, 
according to  t he  m e t h o d  descr ibed by  TAMM and HORS- 
FALL ~. This  p rocedure  has been shown to yield a p ro d u c t  
which behaves  homogeneous ly  in s t a rch  gel electro-  
phoresis,  u l t racent r i fuga t ion ,  gel f i l t ra t ion and  immu n o -  
diffusion l& An t i s e rum was p repared  in r abb i t s  by  2 
in t r amuscu la r  in jec t ions  of purif ied mucopro te in  w i th  
comple te  F r e u n d ' s  a d j u v a n t  a t  3 week intervals ,  and  the  
init ial  ha rve s t  was a t  6 weeks. A n t i b o d y  was con juga ted  
wi th  f luorescein i so th iocyana te  13,1~ and  adsorbed  wi th  
mouse l iver pow de r  15 af ter  dialysis and  f i l t ra t ion on G-25 
Sephadex.  

K i d n e y  sect ions were ob ta ined  at  the  t ime  of au t o p s y  
and were cut  a t  a th ickness  of 4 or 5 / ,  and t r ans fe r red  to  
glass slides. The  sect ions were washed  wi th  p h o s p h a t e -  

buffered saline, covered wi th  conjuga ted  an t i se rum and  
kep t  for 45-60 min  in a mois t  ch amb e r  a t  room t empera -  
ture,  Af ter  3 subsequen t  washings  wi th  the  buffered  
saline, the  slides were m o u n t e d  in buffered  glycerol and 
examined  wi th  a Zeiss UV-microscope.  

Br igh t  cy top lasmic  f luorescence was found in k idney  
sect ions f rom pa t i en t s  w i t h  congeni ta l  hea r t  disease, 
acute  l ymphocy t i c  leukemia,  id iopa th ic  t h r o m b o c y t o -  
penic  pu rpu ra  and f ibrocyst ic  disease of the  pancreas .  
Glomeruli  and p rox imal  tubules  remained  uni formly non-  
f luorescent  in all sections. Cells of the  distal  tubules  and 
collecting tubules  and pe rhaps  the  loops of Henle  showed 
specific f luorescence which was  blocked by  pre- ineubat ion  
wi th  uncon juga ted  an t i se rum as well as by  mixing an t igen  
wi th  con juga ted  an t i se rum (Figure). The binding of ant i -  
b o d y  was evenly  d i s t r ibu ted  among  all cells in a fluor- 

1 I. TAMM and F. L. HORSFALL JR., J. exp. Med. 95, 71 (i952). 
2 K. R. PORTER and I. TAMM, J. biol. Chem. 212, 135 (1955). 
3 T. FRIEDMANN and A. RowE, in preparation. 
4 1V][. MAXFIELD, Arch. Biochem. Biophys. 85, 382 (1956). 
s N. DIFERRANTE and E. A. POPENOE, Seand. J. clin. Lab. Invest. 

70 (suppl. 31), 268 (1958). 
s ]V[. ~VIAXFIELD, Arch. Biochem. Biophys. 89, 281 (1960). 

M. MAXFIELD and M. S. DAVIS, Annals N.Y. Acad. Sci. 706, 288 
(1963). 

s T. FRIEDMANN and P. JOHNSON, Biochem. biophys. Acta, in press. 
T. FRIEDMANN and P. JOHNSON, in preparation. 

10 E. G. McQuEEN, J. din. Path. 15, 367 (1962). 
11 W. H. BOYCE, J. S. KING, and M. L. FIELDEN, J. clin. Invest. z0, 

1453 (1961). 
13 R. PATEL, J. K. McKENZlE, and E. G. McQuI~EN, Lancet 1, 7331, 

457 (1964). 
la j. L. RIGGS, R. J. SEIWALD, S. H. BURCKHALTER, C. M. DOWNS, 

and T. G. METCALF, Am. J. Path. 3d, 1081 (1958). 
14 J.  D. 1V[ARSHALL, W. C. EVELAND, and  C. W. SS[TH, Proc. Soc. exp.  

Biol. Med. 98, 898 (1958). 
15 A. H. Coons and M. H. KAPLAN, J. exper. Med. 91, 1 (1950). 


