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group in compound 1. This acylation 
shift is characteristic of a primary al- 
cohol (6). The integral lends further 
support to this assignment. We there- 
fore conclude that the additional hy- 
droxyl group is attached at C-ll with 
/3-unsaturation. 

The only remaining question regard- 
ing the structure of the metabolite was 
whether the olefinic bond has remained 
in the A8 position or migrated to the 
zA9 position. A comparison of the NMR 
spectra of A8-THC, A9-THC, the 
metabolite, and their acetate deriva- 
tives showed that the double bond had 
not migrated (Table 1). 

The large downfield shift of the 
vinyl proton in A9-THC is attributed to 
deshielding caused by the anisotropy 
of the aromatic ring (7). Formation of 
the acetate changes the anisotropy of 
the aromatic ring, and the position of 
the vinyl proton resonance shifts upfield 
0.37 ppm (8). In A8-THC these effects 
are absent because of the remoteness 
of the vinyl proton from the aromatic 
ring. The resonance of the vinyl proton 
of the metabolite (1) is only slightly 
downfield from that of the vinyl proton 
of A8-THC, a shift consistent with sub- 
stitution at the allylic carbon. In addi- 
tion, the position of the resonance of 
the vinyl proton in the diacetate of 
compound 1 has ishifted only slightly 
relative to the resonance of the corre- 
sponding proton in compound 1. Fur- 
thermore, the shift is opposite in nature 
to that observed in the A9-THC sys- 
tem. We conclude that the vinyl proton 
is not at C-10 and therefore must be 
at C-8. 

Synthesis of compound 1 from A8- 
THC was achieved by a two-step con- 
version. The trans-A8-THC was oxi- 
dized with selenium dioxide in 95 per- 
cent aqueous ethanol. Efforts to purify 
and characterize the major component 
of the oxidation were unsuccessful. 
Therefore, the crude product from the 
reaction was reduced directly with 
sodium borohydride in ethanol. The re- 
tention time by gas-liquid chromatogra- 
phy of the trimethylsilyl derivative of 
the resulting major product is identical 
to that of the TMS-derivative of the 
metabolite (1). The major product was 
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separated by column chromatography 
on alumina and further purified by pre- 
parative TLC. The RF values of the 
synthetic and natural metabolite are 
identical in several TLC systems. The 
mass spectra of the natural metabolite 
and the synthetic product are identical, 
as are the mass spectra of the corre- 
sponding trimethylsilyl derivatives. The 
NMR and infrared spectra of the 
natural and synthetic materials are also 
essentially identical. 

Psychopharmacological tests indicate 
that the metabolite (1) exhibits a be- 
havioral profile in the rat very similar 
to that exhibited by the A8- and A9- 
tetrahydrocannabinols with the use of 
the tests described by Irwin (9). 

Burstein, Mechoulam, and co-work- 
ers have recently reported the isola- 
tion of a similar, if not identical, 
metabolite from rabbits injected with 
AS-THC (10). The diacetate derivative 
of compound 1 gives a mass spectrum 
which is consistent with the mass spec- 
tral data for the diacetate derivative of 
the rabbit metabolite. These authors 
suggested that the additional hydroxyl 
group is located at the C-11 position 
(10). However, they could not exclude 
the possibility of the hydroxyl being 
located at the C-7 position. 
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On the Apparent Homology of 

Actin and Tubulin 

Abstract. Muscle actin and ciliary 
A-tubulin from Pecten irradians have 
molecular weights of 46,000 and 59,- 
000, respectively, as measured by so- 
dium lauryl sulfate-polyacrylamide-gel 
electrophoresis. Tryptic and chymotryp. 
tic peptides obtained from these pro- 
teins are very dissimilar, indicating that 
there is little significant homology. 

Muscle actin and the microtubule 
structural protein tubulin (1) are similar 
in amino acid composition and in the 
presence of a bound nucleotide (2-4). 
These factors, coupled with the fact 
that both proteins apparently interact 
in some manner with adenosine tri- 
phosphatase proteins of motile systems, 
suggest that there may be some com- 
mon structural basis for these simi- 
larities. 

At one time, actin and tubulin were 
each thought to have a molecular 
weight of 60,000, but data based on the 
3-methylhistidine content of actin has 
shown that the molecular weight of this 
protein is about 48,000 (5). Tubulin is 
devoid of 3-methylhistidine, and molec- 
ular-weight determinations by hydro- 
dynamic methods have consistently giv- 
en values near 60,000 (2, 4). 

Although early reports indicated a 
total of 1 mole of bound guanosine di- 
phosphate (GDP) or guanosine triphos- 
phate (GTP) per 60,000 g of tubulin 
(3), it now appears that 1 mole of nu- 
cleotide per 120,000 g is tightly bound 
while a second mole is apparently ex- 
changeable with the medium (6). Actin 
was originally reported to contain 1 
mole of bound adenosine diphosphate 
(ADP) per 57,000 g of protein, but 
more recent data show 1 mole per 
45,000 to 47,000 g (7), basically in 
accord with the molecular-weight data 
discussed above. 

With respect to amino acid composi- 
tion, it has been pointed out that Pecten 
actin and Tetrahymena tubulin were no 
more dissimilar than actins derived 
from different species (2). However, 
when the apparent homology was 
further investigated in the same species, 
it was found that tubulin from the outer 
fibers of gill cilia of the scallop Pecten 
resembled actin from the striated ad- 
ductor muscle far less than did these 
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methods. Thus the molecular weights 
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the method of determination. 

For comparative peptide mapping, 
actin and A-tubulin were reduced and 
alkylated (12), dialyzed in 0.1M am- 
monium carbonate, pH 8, and then 
digested for 24 hours at room temper- 
ature with either trypsin (treated with 

tosyl-L-phenylalanylchloromethane) or 
chymotrypsin in a protein to enzyme 
ratio of 100: 1. The resulting tryptic 
or chymotryptic peptides were then 
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be expected from size differences and 
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plex because of the lesser specificity of 
chymotrypsin, but here also, with few 
exceptions, the two peptide maps are 
clearly dissimilar. Admittedly, in both 
pairs of maps the complexity is such 
that it would be difficult to claim non- 
coincidence for some of the spots, pure- 
ly because there are so many of them. 
Therefore, the data presented here can- 
not completely eliminate the possibility 
of very restricted local homology at 
some points within the polypeptide 
chains (perhaps at the nucleotide-bind- 
ing site), but the overall makeup of the 
two polypeptide chains is clearly differ- 
ent. 

Thus actin and tubulin from Pecten 
irradians striated muscle and gill cilia 
microtubule doublets, respectively, have 
significantly different molecular weights 
that agree with values for their hom- 
ologs from other species. Comparative 
peptide mapping, with tryptic or 
chymotryptic digests, shows that most 
of the resulting peptides from the two 
proteins are dissimilar. Association or 
interaction with an adenosine triphos- 
phatase and the binding of molar ratios 
of nucleotides are the only remaining 
similarities between actin and tubulin. 
In terms of comparative mechanochem- 
istry, a common ground for muscle 
contraction and ciliary beat must now 
be sought at the enzymatic level. In 
this regard, the microtubule protein of 
brain tissue, in a manner quite parallel 
to actin, significantly increases the mag- 
nesium-activated adenosine triphospha- 
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Immunoglobulin A (IgA) is the pre- 
dominant globulin in the secretions on 
mucous membranes. Secretory IgA 
(s-IgA) has a higher sedimentation co- 
efficient (approximately 11-S) than the 
major serum IgA component (1) and 
possesses a unique protein, referred to 
as the secretory piece (SP) (1) or trans- 
port piece (2, 3). This protein has been 
demonstrated in free form in secretions 
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tase of myosin; and the protein com- 
plex thus formed undergoes character- 
istic viscosity drops on addition of ATP 
(14). It remains to be demonstrated, 
however, that these properties are held 
by other tubulin fractions of more 
certain purity. 

R. E. STEPHENS 

Department of Biology, Brandeis 
University, Waltham, Massachusetts, 
and The Marine Biological Laboratory, 
Woods Hole, Massachusetts 02543 

References and Notes 

1. H. Mohri, Nature 217, 1053 (1968). 
2. F. L. Renaud, A. J. Rowe, I. R. Gibbons, 

J. Cell Biol. 36, 79 (1968). 
3. R. E. Stephens, F. L. Renaud, I. R. Gibbons, 

Science 156, 1606 (1967); T. Yanagisawa, S. 
Hasegawa, H. Mohri, Exp. Cell Res. 52, 86 
(1968). 

4. M. Shelanski and E. W. Taylor, J. Cell Biol. 
38, 304 (1968); R. E. Stephens, J. Mol. Biol. 
32, 277 (1968); R. C. Weisenberg, G. G. 
Borisy, E. W. Taylor, Biochemistry 7, 4466 
(1968). 

5. P. Johnson, C. I. Harris, S. V. Perry, Bio- 
chem. J. 105, 361 (1967). 

6. R. E. Stephens, Quart. Rev. Biophys. 1, 377 
(1969). 

7. M. K. Rees and M. Young, J. Biol. Chem. 
242, 4449 (1967); K. K. Tsuboi, Biochim. Bio- 
phys. Acta 160, 420 (1968). 

8. R. E. Stephens and R. W. Linck, J. Mol. Biol. 
40, 497 (1969). 

9. R. E. Stephens, ibid. 47, 353 (1970). 
10. A. L. Shapiro, E. Vinuela, J. V. Maizel, 

Biochem. Biophys. Res. Coinmun. 28, 815 
(1967). 

11. E. F. Woods, J. Biol. Chem. 242, 2859 (1967); 
W. D. McCubbin, R. F. Kouba, C. M. Kay, 
Biochemistry 6, 2417 (1967). 

12. A. M. Crestfield, S. Moore, W. H. Stein, J. 
Biol. Chem. 238, 622 (1963). 

13. W. J. Ritschard, J. Chromatogr. 16, 327 
(1964). 

14. S. Puszkin and S. Berl, Nature 225, 558 
(1970). 

15. Supported by PHS grants GM 15,500 and 
GM 265. 

12 January 1970; revised 9 March 1970 . 

tase of myosin; and the protein com- 
plex thus formed undergoes character- 
istic viscosity drops on addition of ATP 
(14). It remains to be demonstrated, 
however, that these properties are held 
by other tubulin fractions of more 
certain purity. 
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of agammaglobulinemic patients (3) or 
individuals lacking IgA (4). Cebra and 
Small (5) concluded that the rabbit 
s-IgA molecule was composed of four 
heavy and four light peptide chains 
plus one or two so-called T chains 
which make up the SP. In studies of 
human s-IgA Tomasi and Czerwinski 
(6) and Newcomb et al. (7) reached the 
same conclusions. 
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Essentially no information concern- 
ing the quaternary structure of s-IgA or 
high-polymer serum IgA is available. 
There are basically three different ap- 
proaches applicable to analyses of the 
overall layout of protein molecules and 
the spatial arrangement of their sub- 
units-hydrodynamic studies, x-ray 
diffraction studies, and electron micros- 
copy. We now report on comparative 
studies of the size and conformation of 
colostrum IgA and high-polymer, serum 
IgA molecules by the use of electron 
microscopy. 

Nine human and five rabbit s-IgA 
preparations were partially purified by 
centrifugation and gel filtration (8). The 
first eluted peak on Bio-Gel A-15m 
(Fig. la) contained chylomicrons by 
lipid staining and phase contrast mi- 
croscopy; IgA was distributed through- 
out the second major elution peak. The 
ascending part of this peak contained 
also immunoglobulin M (IgM) and the 
descending part contained two, occa- 
sionally three, unidentified colostrum 
proteins. These contaminating proteins 
were detected by immunodiffusion only 
in fractions concentrated eight to ten 
times. 

Only s-IgA was demonstrable within 
a restricted central area of the peak. 
Three human s-IgA preparations (3 to 5 
mg of protein per milliliter) were sub- 
jected to analytical ultracentrifugation. 
The s20, values were 11.6, 11.4, and 
10.7. 

A relatively weak poliovirus-neutral- 
izing antibody activity, which coincided 
with the distribution of s-IgA in the 
A-15m fractions, was noted when IgA 
from human colostrum was assayed 
(Fig. la). No IgM or IgG was detected 
by immunodiffusion in the fractions 
having most antibody activity, and ab- 
sorption with antiserum to IgM caused 
no reduction in activity. 

Immunodiffusion and immunoelectro- 
phoretic analyses of concentrated frac- 
tions from the central part of the major 
elution peak of A-15m curves indicated 
the presence of complexes of s-IgA 
and albumin in three preparations of 
human whey (Fig. la). Since s-IgA is 
rather resistant to reduction (1, 9), these 
complexes could be dissociated by mild 
reduction (0.1M 2-mercaptoethanol) 
and alkylation of the whey prior to gel 
filtration. In addition, this treatment 
eliminated the IgM contamination in 

Essentially no information concern- 
ing the quaternary structure of s-IgA or 
high-polymer serum IgA is available. 
There are basically three different ap- 
proaches applicable to analyses of the 
overall layout of protein molecules and 
the spatial arrangement of their sub- 
units-hydrodynamic studies, x-ray 
diffraction studies, and electron micros- 
copy. We now report on comparative 
studies of the size and conformation of 
colostrum IgA and high-polymer, serum 
IgA molecules by the use of electron 
microscopy. 

Nine human and five rabbit s-IgA 
preparations were partially purified by 
centrifugation and gel filtration (8). The 
first eluted peak on Bio-Gel A-15m 
(Fig. la) contained chylomicrons by 
lipid staining and phase contrast mi- 
croscopy; IgA was distributed through- 
out the second major elution peak. The 
ascending part of this peak contained 
also immunoglobulin M (IgM) and the 
descending part contained two, occa- 
sionally three, unidentified colostrum 
proteins. These contaminating proteins 
were detected by immunodiffusion only 
in fractions concentrated eight to ten 
times. 

Only s-IgA was demonstrable within 
a restricted central area of the peak. 
Three human s-IgA preparations (3 to 5 
mg of protein per milliliter) were sub- 
jected to analytical ultracentrifugation. 
The s20, values were 11.6, 11.4, and 
10.7. 

A relatively weak poliovirus-neutral- 
izing antibody activity, which coincided 
with the distribution of s-IgA in the 
A-15m fractions, was noted when IgA 
from human colostrum was assayed 
(Fig. la). No IgM or IgG was detected 
by immunodiffusion in the fractions 
having most antibody activity, and ab- 
sorption with antiserum to IgM caused 
no reduction in activity. 

Immunodiffusion and immunoelectro- 
phoretic analyses of concentrated frac- 
tions from the central part of the major 
elution peak of A-15m curves indicated 
the presence of complexes of s-IgA 
and albumin in three preparations of 
human whey (Fig. la). Since s-IgA is 
rather resistant to reduction (1, 9), these 
complexes could be dissociated by mild 
reduction (0.1M 2-mercaptoethanol) 
and alkylation of the whey prior to gel 
filtration. In addition, this treatment 
eliminated the IgM contamination in 
the major s-IgA peak, the IgM sub- 
units being recovered in the IgG elu- 
tion region (Fig. lb). 

High-polymer IgA from human se- 
rum was partly purified by a combi- 

847 

the major s-IgA peak, the IgM sub- 
units being recovered in the IgG elu- 
tion region (Fig. lb). 

High-polymer IgA from human se- 
rum was partly purified by a combi- 

847 

Ultrastructure of Secretory and High-Polymer Serum 

Immunoglobulin A of Human and Rabbit Origin 

Abstract. Electron micrographs of immunoglobulins A from human and rabbit 
colostrum, which were purified on tall agarose columns, revealed Y-shaped mole- 
cules (125 by 140 angstroms). The linear dimensions of the arms were 55 to 75 
by 25 to 30 angstroms. A molecular model is postulated in which two immuno- 
globulin A monomers are superimposed on each other in a close-packed state with 
the secretory piece inserted in the constant region of the a-chains. High-polymer 
(11 or 13S) immunoglobulin A molecules (total span 100 to 110 angstroms) from 
human serum were composed of four arms (50 to 55 by 20 angstroms) joined at 
a contrast-rich center. 
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