
I 6  4 BIOCHIMICA El" BIOPHYSICA ACTA 

Short Communications 

: c 2..o4 
Sur  la b i o 9 & d s e  ~es m&ianines 

Les t;tudes biog~n6tiques, en particulier celles de RAPER 1,~, ont d6momr6 que la for- 
mation du 5,6Mihydroxyindole jouait un r61e central dans la biosynth~se des m61a- 
nines. I1 est admis, en g6n~ral, que les 6tapeg suivantes de la biog6n~se de ces composds 
comportent  une polym~risation oxidative de Hndole-5,6-quinone (I), mais il existe 
des divergences de rue  en ce qui concerne le m~eav'~sme de eette pol3an6risation. 
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Ainsi, bien qu' i l  soit admis que !es quatre carbones 2, 3, 4 et 7 de I sont impliqu6s 
darts la pol~Tn~risation. Bu'LocK, CROMARTIE ET HARLEV-MAso.~ a,4 estiment que le 
processus r~actionnel essentiel met en jeu une ]onction d'unit6s successives de I par  
une liaison C-3-C-7 (dim6re du t3ve II) alors que MAsox s, ROBERTSOS et al." et 
NICOL:~US ET MA.~GO,','ff pr6conisent une r6action pr~,acipale par l 'interm~diaire d 'une  
liaison C-4-C-- 7 (dim6re du type II I ) .  

Nous avons fait appel ~t la m6thode des orbitales mol~culaires de la chimie 
quantique (pr6c&temment utiii.~e pour  l '6tude de l'existence possib!e des bandes 
ffenergie daus ies meianmes ~} pour essayer d'6vaiuel ie~ p, obabilit~s relatives de ces 
cliff,rents m&anismes  Dans ce but  nous avons consid6r6 h la lois les apti tudes 
r6actionnelles du monom6re I e t  les caract6ristiques de stabi!i 'k relatives des dim&es 
I I  et  I I L  

TABLEAU I 

INDICES ELECIRONI~UES DF.S CAitBONES DE | 

Catb.:,)~ C ~ ¢  d~t)  ~ (oN B ~ ao ka11)*)olej 
-¢s ~t.~<~.. x Valence libre 

z 0.9o8 o.474 2.2o : .9: '  z .o6 
3 . . ( 9 o  o.461 1.03 /..30 2.12 
4 1 .o91 o.637 t . b  3 t .62 1.63 
7 1,105 0 .607 1.7! 1.70 1-70 
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Le Tableau I contient les caract~ristiques ~lectroniques essentielles des carbones 
2, 3, 4 et 7 de I. On constate que les polarisabilit~s des carbones du noyau quinonique 
sont net tement  plus grandes que ceUes des carl)ones du noyau pyrrolique (comme 
le laissaient pr~voir les valeurs relatives des valences libres correspondantes) et que 
les ~nergies de localisation pour n ' importe  quel type  d 'a t taque  sont net tement  plus 
petites pour les carbones 4 et 7 que pour les carbones 2 et 3- Ces ~nergies mesurant  
la partie variable essentielle des ~nergies d 'ac t ivat ion imptiqu6es dans les r~actions 
concernant ces carbones, ce r~sultat permet de pr~voir une r~activit~ g~n~rale 
beaucoup plus grande pour le novau quinonique que pour le noyau  pyrrolique et, 
par tant ,  sugg~re fortement un m6canisme de m~lanogen~se met tan t  en jeu une poly- 
m~risation princip~_le ~ traver~ le~ cacbones 4-7. 

Cette conclusion est encore 6tay~e par l 'examen des caract61i~tiques 61ectroniques 
des dimbres I I  et I I I .  Les ~nergies de r6sonance de ces deux compos~s sont ~gales, 
respectivement, ~ 5.96/~ et 6.o8/~. Elles font donc apparaitre un incr6ment de stabilit6 
de o . I z~  ~ 2 kcal/mole au profit de la forme I I I .  Corr~lativement l 'indice mobile 
de la liaison "simple" r6unissant les monom~res est de 0.484 dans I I  et de o.56 4 
dans I I I  et t raduit  donc ~galement une d61ocalisation 61ectronique plus prononc~e 
dans la forme I I I .  

Ainsi, les consid&ations thermodynamiques  et cin~tiques sont tomes  en faveur 
d 'un  chemin principal de polym6risation passant par l ' interm6diaire des structures 
du type  I I I .  

Ce travail  a b6n~fici6 d 'une subvention CY-3o73 du Public Heal th  Service des 
Etats-Unis (National Cancer Institute).  
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I ' l ~ M t i ¢  i s o t r o p F  o f  t ' ~  r e d  b l o o d  ce l l  

I t  has been suggested tha t  the shape of the red blood cell is a result of the internal 
a r r~ lgen~nt  of the hemoglobin molecul~ t. Many mguments  for internal molecular 
arrangement have been p-esentedL Support  for these arguments  has been obtained 
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from polarization optics? An X-ray analysis of the red blood cell indicated random 
orientation, but closest packing of hemoglobin molecules s while from electron-diffrac- 
tiop studies, D E R V m n I A N  ~ h a s  postulated order of molecules at small distances 
and disorder at large distances in the cell. 

From the shape of the hemoglobin molecule as pictured by  CULt Is eta/. ~, magnetic 
anisotropy would be expected if a preferential non-symmetrical inte-:',a: . . . . . .  ~q,, 
exists. Magnetic anisotropy of hemoglobin derivatives has been found by B~x.x'ET et 
a/. 6, as e,Adenced by  a g tactor of ,o.o0-6.oo depen~ng u ~ n  the orientation uf the 
heine plane to the magnetic field. We therefore felt that  a measurement of magnetic 
anisotropy or lack of it would give an insight into the internal m~l~ular  structure of 
the hemoglobin within the cell. 

The couple and force upon an obiect in a uniform magnetic field provides a 
means of measuring its magnetic anisotropy. In vector notatien, this couple. G, is 
given by  N ~  ~ as: 

G = M ,- H ~I) 

where M is the magnetic dipole, and H is the magnetic field produced by sources 

external to the dipole. If M is not parallel to H, the object will experience a couple" 

while if M and H are parallel as in the case of an isotropic object, the couple will be 
zero. In suffix notation Eqn. I can be written as: 

G~ ~ -- M I H j  + ~¢ljHl (z)  

where GIj is an antisymmetrical tensor whose three independent non-zero components 
form an axial vector. For an object of volume v ,  where k u is the component of the 
susceptibility tensor of the object ; 

.'~Ii ~ : 'ki jHj  (3) 
and 

GlJ = v ( - - k i k H k H j  + k i k H . H l ~  (4) 

One would expect from the red blood cell in its normal biconcave discoid form a 
maximum of two different principal values tor the magnetic susceptibility tensor. 
The couple produced by the field acting in the plane of k I and k 2 can be expressed as: 

G = i / z v ( h  I - -  k 2 ) H I H : I  -~- I / 2v (h  I - -  k t ) H  z sin 2 ~ (~ 

where ~ is the angle between the k~ axis ~nd H. 
If an anisotropic cell is suspended in a uniform field, the cell will rotate to the 

point at which k~ and H axe parallel. The magnitude of the couple causing this rotation 
can be measured by  determining the angular velocity o,, as :  

G = C~ (6) 

where C is the rotational friction~l coefficient. This coefficient for the bir-r, cave di~ 
has not been rnathcmaaticaJ]y expressed, but for tl~ discussion can be approximated 
b y  the rotational frictional coeffacient of the sphere. This is given as~: 
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where a is the radius of the sphere, and ,-~ is the viscosity of the media used for the 
suspension. 

Experimental obsela, ations upon the red blood cell were perform.ed in an ap- 
paratus as previously described w, with only slight modification. Flat pole tips with 
a gap of o. 5 cm were placed upon an electromagnet of 1o9oo oersteds with a small 
glass container between the pole tips. The red blood cells were viewed in the media 
(isotonic saline and sucrose of the same density as the cells) under a m ~ag~if~ation 
of 5oo ~.  Red blood cells of two individuals and of bovine animals were observed 
under these conditions, and in one case (human), the blood was treated wi..'th NaiSiO 4. 
In the other instances, the blood was oxygenated by air at atmospheric pressure. 
Paracrystalline rat red cells, prepared by the method of PONDER 1°, w e r e  also observed. 
The birefri:~gent cells were prepared and viewed at 4 ° in 3% sodium citrate media 
during a period of several days. 

No specific orientation of the red blood cells was observed within a time period 
of 6o sec. The Brownian motion of such a cell can give a rotation of as much zo ° 
in this time period so a lower limit must be placed upon the detectable rotation, as 
o~ < 1.2-io -~ radians/sec. With these limit% we can estimate a maximum ~alue 
for the anisotropy. Considering a red blood cell of 4.2 ~ radius, 87/L 3 volume and an 
angle of 45 ° to the magnetic vector, the magnetic susceptibility difference can be 
calculated as less than 4" Io- l t  from Eqn. 8 as derived from Eqns. 5 and 

16.x,.r/a a (8) 
(k.t -- k~) v H  t s in  2 

This susceptibility difference is the same order of magnitude as might be expected 
from non-symmetrical shape of an i.~otropic cell. TLe effects of orientated para- 
magnetic molecules such as reduced hemoglobin or ferrihemoglobin should greatly 
enhance the magnetic anisotropy tl of the cell unless a cancellation of diamagnetic 
and paramagnetic contributions occurs. This latter possibility seems remote, and is 
eliminated by  not observing an3' anisotropy for either reduced or oxygenated cells. 
In additiov, no evidence of orientation on macroscopic samples was found by  ob- 
servations of the magnetic-field effects on .scattered or absorbed light intensities, or 
field-mdllce, birefringence. 

From these studies, we conclude that  the red blood cell in its normal and bire- 
fringent state is magnetically i~tropic  within the limits of our measurement'.-'. This 
situation would arise for two possibilities. (x) The hemoglobin may" be highly oriented 
within the cell to give cubic symmetry. However, this possibility is txtled out by 
X-rayMitT,action studies. (z) The hemoglobin may  be randomly oriented throughout 
the cell. I t  is still possible for localized orientation to exist. 

These studies wet~e aided by  a e,-ntract between the Office of Naval Research, 
Department of the NauT, and the U n i v ~ i t v  of Colorado, N.R. xo8-435. One of the 
authors (C. P. M_~LO.~E) wishes to acknow[_d_ge assistance from a Phillips Gr~ait- 
In-Aid. 

Usi~sity of Colorar~o Bo~ler, colo. (U.S.A.) 
C. P. MA~xvZ 
M. Dowmlvo 
S. J. Gua. 
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Ring currents in 3:4-benzpyrene, ! :2-benzanthracene, 
and t :2;$:6-dibenzanthracene 

The work of the PULLMA~S and others aimed at relating the electronic configuration 
of aromatic hydrocarbons to their carcinogenic potency (a theorywell sunnnarized by 
COULSOS l) has been ~-t least moderately successful. As some of the theor 3' rests on 
moleo_alar-orbital calculations it is of interest to re-examine the range of validity of 
molecular-orbital theory as applied to polycyclic hydrocarbons by making theoretical 
predictions based on the theory which can be checked directly expelimentally. In 
this note, we shall make use of a modification due to McW~ENY z Of LOXDO.~'S 3 theory 
of diarnagnetic anisotropy in aromatic molecules, which is based directly on molecular- 
orbital theory. We shall ,>.btain theoretical pre~Jctions of the ,r-electron ring currents 
in several carcinogenic polyeyc!ic hydroc~bons. As these ring currents are responsible 
not only for diamagnetic anisotropy but also for nuclcar-nmgnetic-resonance chemical 
shifts the predictions ar~ .~uhier:t to rather rigorous experimental test. Similar calcu- 
lations by BERTHmR e* a2. ~, based on LONDOY's unmodified the•D- , predict the total 
induced moment, but not the individual ring currents. 

McWEE.~Y has shown that the secondary magnetic field, H', at any point, arising 
from the diamagn~etic effect of ring currents in an aromatic hydrocarbon in the pres- 
ence of an external magnetic field, H, normal to the plane of the molecule, is given by 

H' J~ne\t S'H 

where S is the area of a benzene ring. a is the length o," a C-C bond./ ]  is the standard 
resonance integral, and o I and ~: are sums involving bond orders and mutual bond 
polarirmbilities ~ b t ' , ~  f~om normal (unperturbed) molecular-orbital theory. The 
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