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The  henny  feathering  trait in chickens  leads  to  a 
marked  increase  in  the  conversioq  of  androgen to es- 
trogen in skin  and  other  peripheral tissues with  the 
result  that  feathers of  affected males are  feminized. To 
gain  insight  into  the  mechanisms  responsible  for  this 
increased  estrogen  synthesis,  we  studied  the  conver- 
sion of testosterone  to  estrogen in fibroblasts  cultured 
from  the skin of control  chickens  and  from  two  breeds 
carrying  the  henny  feathering  trait,  the  Sebright  ban- 
tam  and  the  Campine.  Estrogen  synthesis  was  meas- 
ured  in  suspensions of intact  fibroblasts  and  in  cell-free 
fibroblast  extracts by two assays:  1)  direct  measure- 
ment  of  178-estradiol  formation  from  [1,2,6,7-3H]testos- 
terone,  and 2) assessment of 3 H ~ 0  release  from  118- 
3H]testosterone.  Both assays gave  comparable  results. 
Estrogen  formation  was as much as several  hundred- 
fold  higher  in  fibroblasts  cultured  from skin of  chickens 
carrying  the  henny  feathering  trait  compared  to  that 
observed in fibroblasts  from skin of control  chickens. 
The  current  data  indicate  that  increased estrogen  for- 
mation  in skin of chickens  with  the  henny  feathering 
trait is due to an  enhanced  activity of the  aromatase 
complex  of  enzymes  responsible  for  estrogen  synthesis. 
The  molecular  basis  for this increased  activity is un- 
clear. 

Androgens can be converted to estrogens in many periph- 
eral tissues including adipocytes (1, 2), hair follicles (3), and 
fibroblasts cultured from human skin (4). 17P-Estradiol is 
formed in these sites either directly from testosterone or 
indirectly via the seqaiince androstenedione + estrone + 17p- 
estradiol. Although this pathway accounts for only 1 % or less 
of androgen metabolism in the normal individual, it consti- 
tutes a major source of estrogen formation in target tissues 
such as brain (5, 6) and is the principal source of circulating 
estrogen in men and postmenopausal women ( 7 ) .  The factors 
that regulate the activity of this pathway are poorly under- 
stood. 

We have recently demonstrated that  the henny feathering 
trait in certain breeds of chickens is associated with a marked 
increase in the  rate of conversion of androgen to estrogen in 
skin, skin appendages, and other peripheral tissues. As a 
result, the feathers of affected males are feminized and plasma 
estrogen levels are increased (8). Since this disorder may 
provide insight into the mechanisms by which estrogen for- 
mation is controlled in peripheral tisues, we examined estro- 
gen synthesis in fibroblasts cultured from the skin of control 
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RESULTS 

The conversion of [ 1,2,6,7-3H]testosterone to radioactive 
estrogen  was  first assessed in suspensions of intact  fibroblasts 
grown  from the skin  of  Sebright  and  Leghorn  bantam  chickens 
(Fig. 1). (Since more  than 98 % of the 'H in the 1 and  2 
positions of [1,2,6,7-3H]testosterone is in the a position and  is 
not lost during aromatization (3), this substrate is suitable for 
assessing estrogen  formation from testosterone.) Maximal 
rates of estrogen formation  in  skin  fibroblasts from Sebright 
chickens occurred  between 0.1 and 0.25 PM testosterone, sim- 
ilar to the saturating  concentration  of  substrate for estrogen 
synthesis in  chicken skin (8). Ninety-seven percent of the 
estrogen formed  in the Sebright cells was  17P-estradiol  (1600 
fmol/h/mg of protein), and the remainder  was  recovered as 
estrone (50 fmol/h/mg of protein). In  one  experiment the 
radioactive  17P-estradiol diacetate recovered  from the final 
thin layer  preparation  was  mixed  with 40 mg  of 17fl-estradiol 
diacetate, and the mixture  was  recrystallized 5 times from 
ether/petroleum ether; there  was less than  a 6 % change in  3H 
to I 4 C  ratio during the recrystallization. In another  experiment 
the radioactive  estradiol diacetate purified  by thin  layer  chro- 
matography  was  hydrolyzed  and  separated into 17P-estradiol 
and  17a-estradiol as before (8); more  than 99 % of the 3H was 
recovered in the area  corresponding to 17P-estradiol. We 
therefore  concluded  that this procedure is suitable for  purifi- 
cation of  17P-estradiol  from  fibroblasts.  Furthermore,  in con- 
trast to intact  chicken skin (81, fibroblasts  cultured from 
chicken  skin  contain little 17P-hydroxysteroid  dehydrogenase 
(as reflected  by low rates of  conversion of 17P-estradiol to 
estrone). Therefore,  measurement of the conversion of testos- 
terone to 17P-estradiol  provides  a  valid assessment of estrogen 
formation  in  Sebright  fibroblasts.  In  contrast to the high rates 
in  Sebright  fibroblasts,  low rates of synthesis of both 17P- 
estradiol  and  estrone  were  observed  in  fibroblasts  derived 
from  skin  of the Leghorn  bantam (Fig. 1). Thus, the profound 
difference in rates of estrogen  formation between the skin  of 
Sebright  and  of  control  chickens (8) is also expressed  in  skin 
fibroblasts. 

Aromatase was then assayed in suspensions of subcellular 
particles prepared  from sonicates of  control  and  Sebright 
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fibroblasts (Fig. 2). As assessed by the release of the 1/3 
equatorial hydrogen from [l/3-3H]testosterone into water dur- 
ing aromatization (14), estrogen formation was again maximal 
in the Sebright  preparation at  a testosterone concentration of 
0.25 JLM; aromatase activity in the control preparation was low 
(Fig. 2 A ) .  In parallel experiments the  rates and saturation 
kinetics of 17P-estradiol formation from [ 1,2,6,7-3H]testoster- 
one in the fibroblast particles (Fig. 2B) were similar to those 
observed with the water assay. We concluded that  the 3H20 
assay could  be  used in this system to assess estrogen forma- 
tion. The apparent K,,, of the reaction in subcellular particu- 
late fractions of Sebright fibroblasts averaged 0.021 ~ L M  (with 
a range of  0.011 to 0.036 ~ L M )  in 3 determinations. For unclear 
reasons, however, the V,, of the reaction in preparations of 
particles from different Sebright fibroblast cultures (even 
those derived from the same animal) varied by as much as 30- 
to 40-fold. 

Aromatase activity is more linear at 25 "C than at 37 "C 
(Fig. 3A). At 25 "C the reaction is linear for at least 60 min 
and with amounts of protein up  to 0.3 mg/assay (Fig. 3B). 
The optimal pH of the aromatase reaction is between pH 6.5 
and 7.0 (Fig. 4). The saturating concentration of NADPH is 
approximately 0.05 m~ with an apparent K,,, of  0.02 nm (Fig. 
5). 

The intracellular distribution of aromatase was determined 
by assaying activity in th whole  cell homogenate and in 
various fractions obtained after differential centrifugation 
(Table I). Approximately 85% of the activity was recovered in 
the particulate fraction; as in placenta, approximately half the 
activity was in the 10,000 X g pellet, and the remainder was 
in the 105,000 X g pellet (17-19). Therefore, the particulate 
fraction obtained by centrifuging the 800 X g supernatant at 
105,000 X g was  used for the standard assay. 

We then assessed aromatase in fibroblast particles obtained 
from a nonbantam breed of chicken that carries the  henny 
feathering trait  (the golden Campine) and from a nonbantam 
control strain  (the white Leghorn) (Fig. 6). Major differences 
were again observed between henny-feathered and control 

birds as assessed both by the 3H20 assay and by the direct 
measurement of 17/3-estradiol formation. Since the  rates of 
aromatization in particles from both the full size and  bantam 
Leghorn were equally low, we concluded that  the bantam  trait 
does not influence aromatase activity in skin fibroblasts. 

These  studies  demonstrate that increased estrogen forma- 
tion in the animals with the henny feathering trait is due to 
an increase in the aromatase enzyme itself. The difference in 
the  amount of this enzyme between cells cultured from normal 
and henny-feathered birds is apparently  not due to degrada- 
tion of enzyme in normal cells, since mixtures of subcellular 
particles from control and Sebright demonstrate intermediate 
levels of enzyme activity (results not shown). Aromatase ac- 
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tivity in  Sebright cells increases for 6 to 8 days  after plating, 
and  as cells become confluent, total enzyme activity  plateaus 
(Fig. 7). The difference in aromatase activity between control 
and Sebright cells is not  characteristic of all fibroblast en- 
zymes, since there was no difference in steroid 5a-reductase 
or NADPH-cytochrome c reductase between the two types of 
cells (results  not shown). 

DISCUSSION 

The henny  feathering trait in the chicken is associated with 
a  striking  increase  in the  rate of estrogen synthesis in skin (8) 
and in fibroblasts cultured from skin. This  trait is expressed 
in  peripheral  tissues  throughout the life of the chicken (8) and 
is hereditable, but whether it is due to one or two mutant 
genes is uncertain  (20,21). Our findings suggest that  the henny 
feathering is due to increased activity of the complex of 
enzymes involved in the aromatization of androgens, although 
the exact component or components responsible for the in- 
creased activity has not been identified. These observations 
are of physiologic interest since the factors that regulate the 
rate of aromatase  activity in peripheral tissues are not  under- 
stood. 

Within a given tissue such as brain, the  rate of estrogen 
formation  varies enormously at different stages of develop- 
ment (6), and  the overall rates of the reaction in the body also 
vary as a function of age and body weight (7). Furthermore, 
in rare feminizing disorders in the  human male, peripheral 
aromatase  activity can be increased more than 40-fold (22). 
Identification of a genetic trait  that results  in  a striking 
increase in the  rate of peripheral  aromatization raises the 
possibility that allelic variations at  one or more gene loci 
control this process under normal circumstances. 

Several  mutations  result  in increased enzyme activity. A 
rare variant of glucose-6-phosphate dehydrogenase (G6PD 
Hektoen) is due to a mutation  that  alters  the  structure of the 
enzyme and simultaneously increases the catalytic activity of 
each enzyme molecule (23, 24). Likewise, a  mutation of the 
human phosphoribosyl-pyrophosphate synthetase results  in 
increased activity per molecule (25). On the  other hand, the 
increase in P-hydroxy-P-methylglutaryl coenzyme A  reductase 
in familial hypercholesterolemia is the consequence of an 
increase in the svnthetic rate of the enzyme (26). In  the case 

adenosine deaminase (27), it is not established whether the 
increased activity is due  to an increased amount of normal 
protein or  the presence of a mutant protein with enhanced 
catalytic activity per molecule. This uncertainty also extends 
to  the aromatase enzyme in the Sebright and Campine fibro- 
blasts. Enzymatic activity is so low in the normal cells that it 
is not possible to be certain  whether the kinetic properties are 
identical in normal and mutant cell lines. Elucidation of the 
molecular mechanism of this  abnormality may provide insight 
into  the normal control mechanisms that regulate estrogen 
formation in peripheral tissues. 
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