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Steroid metabolism of the liver has been studied extensively since ZONDEC 1 first 
observed the liver to have the capacity of inactivating steroid hormones. It has been 
only recently, however, that evidence pertaining to the metabolism of steroids by 
extrahepatic tissues have appeared in the literature 2,3. In this report data are 
presented which demonstrate that human fibroblasts propagated in vitro convert 
cortisol and progesterone to a wide variety of steroid products. 

METHODS 

Stock cul tures of h u m a n  fibroblasts,  s t ra in  U12-7o5, were propaga ted  in medium 705 (5 % chick 
embryo  extract ,  20 % normal  horse serum, 75 % solution 7034) as described by  SWIM AND PARKER 5. 
Expe r imen t s  were conducted  in 16 × I5O m m  tubes  containing 5o,ooo-12o,ooo cells in 6 ml of 
med ium supplemented  wi th  14C-steroid (8,ooo-lo,  ooo counts/rain,  specific act ivi ty  cortisol-4-14C 
3.2. IO ~ counts / ra in/rag,  progesterone-4-14C, 1.o7" I o~ counts~rain~rag). The tubes  were inclined at  

* A pre l iminary  repor t  of th is  pape r  was  read at  the F o r t y - E i g h t h  Annual  Meeting of the 
American Society of Biological Chemists,  Federation Proc., i6  (1957) 258, 

** Aided by  U.S. Public Hea l th  Grants  42o7-(C) and E-1547. 
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an  angle  of 5 ° and  i n c u b a t e d  o v e r n i g h t  a t  37 ° C in a s t a t i o n a r y  pos i t ion  and  t h e n  p laced  in  a rol ler  
a p p a r a t u s  a t  37° C for an  a d d i t i o n a l  4 days .  I n  severa l  e x p e r i m e n t s  so lu t ion  I o666 was  s u b s t i t u t e d  
for the  703 in m e d i u m  705 ; also cells which  h a d  been p r o p a g a t e d  for 5 days  in  the  absence  of s te ro id  
were i n c u b a t e d  for an  a d d i t i o n a l  5 d a y s  in so lu t ion  lO66 c o n t a i n i n g  the  14C-steroid. 

Af ter  i n c u b a t i o n  ( tubes  i n i t i a l l y  c o n t a i n i n g  12o,ooo ce l l s / tube  increase in t he  order  of 
6-8  fold;  5 -day  cu l tu res  i n c u b a t e d  an  a d d i t i o n a l  5 days  in lO66 do no t  increase  more  t h a n  2 fold) 
the  cells and  cell p r o d u c t s  were  e x t r a c t e d  four  t i m e s  w i t h  equa l  vo lumes  of w a r m  ace tone  and  
fi l tered.  The  ace tone  was  r e m ove d  f rom the  f i l t ra te  b y  v a c u u m  d i s t i l l a t i on  in  the  presence of a 
s t r e a m  of n i t rogen .  A ch loroform e x t r a c t  of the  aqueous  res idue  was  evapora ted ,  red isso lved  in 
a p p r o x i m a t e l y  0. 3 ml  of i : i c h l o r o f o r m - m e t h a n o l  and  e h r o m a t o g r a p h e d  accord ing  to  the  h e x a n e -  
f o r m a m i d e  m e t h o d  of ZAFFARONI 7. The  q u a n t i t a t i o n  and  iden t i f i ca t ion  of t he  s tero ids  were based 
on m e t h o d s  descr ibed  previouslyS,  9. 

RESULTS 

Initial chromatography (hexane-formamide) of the extract from the fibroblasts in- 
cubated with progesterone gave a chromatogram exhibiting six radioactive peaks, 
Fig. I. Each peak was rechromatographed in the appropriate system. 
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Fig. i .  

Peak I (unidenlified) 

Rechromatography (hexane-formamide) for 3 h gave three peaks: A (RF o.o), 
B (RE o.13) and C (RE 0.23). Peak (A) is still under investigation. Peak B, upon 
rechromatography (benzene-formamide) separated into two peaks. B 1 migrated at 
the same rate as corticosterone; B~ ran with the solvent front. Upon acetylation and 
rechromatography B 1 separated from the corticosterone (monoacetate) and ran with 
the solvent front, demonstrating that  this isolated compound contained two acetyl- 
atable hydroxyl groups and was thus not corticosterone. 

Peak I I  ( 4-pregnene-2o-a-ol-3-one) 

Rechromatography (Hexane-formamide) for 3 h with IOO ~g of added 4-pregnene- 
2o-a-ol-3-one demonstrated that  the radioactive compound migrated with the carrier 
(RE o.18). The steroid in the area was eluted and divided into two portions. One 
portion was oxidized with CrOa; the other was acetylated. The oxidized derivative 
of the mixture proved to be plogesterone. The acetylated compounds migrated at the 
same rate on a 3-h hexane-formamide chromatogram, which confirmed the identity 
of 4-pregnene-2o-a-ol-3-one. 

Re/erences p. 595/596. 



VOl.. 2 8  (1958) METABOLISM OF CORTISOL AND PROGESTERONE 593 

Peak I I I  (4-pregnene-2o-fl-ol-3-one) 

Rechromatography (hexane-formamide) of peak III  demonstrated a single peak. 
The radioactive area was eluted and divided into two portions. One portion was 
acetylated in the presence of non-radioactive 4-pregnene-2o-fl-ol-3-one; the other was 
oxidized in the presence of the same compound. Both mixtures were chromatographed 
in the hexane-formamide system. The acetylated mixture resolved into two peaks. 
One ran with the acetylated carrier; the othei, between the carrier and the front, 
demonstrated that one of the compounds of peak III  was 4-pregnene-2o-fl-ol-3-one. 
The oxidized sample upon chromatography, was resolved into three peaks. The major 
peak corresponded with the carrier and was identified as progesterone. The other 
two peaks (less polar) exhibited Rv values which corresponded to allopregnane-3,2o- 
dione and pregnane-3,2o-dione. Elution of the two areas and chromatography 
(hexane-formamide) with the respective carriers demonstrated that the zadioactive 
compounds migrate at the same rate as the index compounds. 

In addition to the identification of 4-pregnene-2o-fl-ol-3-one, the above data 
(acetylation and oxidation) obtained for peak I I I  gives information pertaining to 
the general structure of the compounds which are oxidized to allopregnane-3,2o-dione 
and pregnane-3,2o dione. The oxidized compounds represent two or more of the preg- 
nanolone series; allo- or normal- pregnane-2o-a-ol-3-one and/or their epi isomers; or 
allo- or normal- pregnane-3-ct-ol-2o-one and/or their epi isomers. 

Peak IV  

This peak corresponds to unchanged progesterone. 

Peak V (allopregnane-3,2o-dione, pregnane-3,2o-dione ?) 

Allopregnane-3,2o-dione was added as a carrier to the eluted steroids of peak V 
and rechromatographed in hexane-formamide. In this chromatogram peak V was 
resolved into two separate peaks. The more polar peak corresponded to the carrier, 
allopTegnane-3,2o-dione. Rechromatography of the other peak in the presence of 
pregnane-3,2o-dione gave indefinite results, but the RF of the suspected peaks in both 
the original and second chromatograms were identical with that of pregnane-3,2o- 
dione. 

! 
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Initial chromatography (chloroform-formamide) of the extract obtained from the 
fibroblasts incubated with cortisol gave a chromatogram exhibiting five peaks, Fig. 2. 
The three most polar peaks were combined and chromatographed (chloroform- 
formamide) for 6 h, which resolved the peaks into three distinct areas. 

Peak I (Unidentified) 

This peak, which remained at the origin, has not been further studied. 

Peak I I  (4-pregnene-rIfl, z7a, 2ofi,2z-tetrol-3-one) Reichstein's substance "E" 

This peak, when eluted and rechromatographed, migrated at the same rate 
(RF o.14) as unlabeled Reichstein's substance "E",  added as a carrier. Acetylation 
and chromatography (benzene-formamide) demonstrated that  the radioactive com- 
pound (diacetate derivative) migrated at the same rate (RE o.19) as the acetylated 
carrier. Oxidation of the diacetate with CrO a and rechromatography demonstrated a 
diacetate derivative running identically with Reichstein's "U" diacetate. 

Peak I I I  (Unchanged cortisol and 4-pregnene-I7a, 2off, 2I-triol-3,II-dione ) Reichstein's 
substance "U" 

Acetylation and chromatography of this peak which was anticipated to be 
unchanged cortisol, proved to be a mixture of cortisol (identified by  acetylation and 
oxidation) and a second component migrating at an RE of 0.48. Rechromatography of 
the latter compound in the same system with non-radioactive Reichstein's "U" 
diacetate demonstrated both compounds to migrate at the same rate. 

Peaks IV and V (Ccrticosterone ?, 4-androstene-xzfl-OH-3,i7-dione ?) 

Peaks IV and V were combined and rechromatographed with non-radioactive 
corticosterone and 4-androstene-Ilfi-OH-3,I7-dione. Two distinct peaks were ob- 
tained which ran identically with the carrier compounds: corticosterone (Rv o.19; 
4-androstene-Ilfl-OH-3,I7-dione RF 0.54). 

The corticosterone area was acetylated and rechromatographed in the benzene- 
formamide system for three hours. The acetates ran identically (RF 0.64). The 
identification of corticosterone in these experiments is only tentative,  since insufficient 
material was available for oxidation. The quant i ty  of radioactivity of the 4-androstene- 
i lfl-OH-3,I7-dione was also of low order and prevented the preparation of a second 
derivative*. 

D I S C U S S I O N  

The observations that  cultured fibroblasts metabolize cortisol and progesterone raises 
an important  physiological question as to whether a comparable pathway of steroid 
metabolism exists in fibroblast cells in situ. The UI2-7o 5 cells employed in these 
studies are known tc have undergone certain morphological and physiological 
alterations, but information pertaining to steroid metabolism in respect to degree of 
differentiation, is not available. Before the overall relationships between the steroid 

* N e i t h e r  h o r s e  s e r u m  n o r  m e d i u m  705  h a s  b e e n  o b s e r v e d  t o  e f f e c t  c o n v e r s i o n s  o f  s t e r o i d s  
i n c u b a t e d  a s e p t i c a l l y  f o r  f ive  d a y s .  
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metabol i sm of cul tured cells and  cells in situ can be assessed, it will be necessary to 
ex tend  both  in vitro and  in vivo studies. Studies are now under  way to determine 
whether  there is an  a l te ra t ion  of steroid metabol ism between cells cul tured for several 
generat ions and  freshly established strains of cells from the same source. 

If the steroid metabol ism observed in cul tured fibroblasts is the same or approxi- 
mates  tha t  in the in situ state,  the quest ion will still remain as to whether  the con- 
versions are associated with the mechanisms  of hormone act ion or represent a process 
employed by  the cell to rid itself of excess steroid. These da ta  do not  exclude the 
possibil i ty tha t  unchanged  steroid hormones influence the ac t iv i ty  of the cell. Fur ther ,  
the fibroblast represents only  one species of cell. Other  cell species m a y  or m a y  not  
have similar  capacities to metabolize cortisol and  progesterone. I t  is of interest,  
however, tha t  in the course of studies on inf lammation,  fibroblasts have been observed 
to concent ra te  cortisol for a t ime wi th in  their cytoplasm TM. Cortisol is known to induce 
morphological  changes (retraction of cell processes) in freshly isolated TM and  cul tured 
fibroblasts n .  Also, fibroblasts are considered by  m a n y  cytologists to give rise to a 
var ie ty  of more differentiated cells. If this la t ter  concept is correct, the steroid con- 
versions observed in fibroblasts m a y  represent  a basic pa t t e rn  of steroid metabol ism 
which m a y  be passed on in va ry ing  degrees to more differentiated cells. 

The foregoing da ta  demons t ra te  tha t  progesterone and  cortisol are metabolized 
by  h u m a n  uter ine  fibroblasts propagated  in vitro. As fibroblasts are d is t r ibuted 
th roughout  the an imal  organism, these da ta  suggest the possibil i ty tha t  a wide var ie ty  
of tissues m a y  possess the capaci ty  to metabolize steroids. The observat ions of 
KOCHAKIAN ~ tha t  skeletal muscle can convert  androstenedione to andros tanedione  
and  those of BERLINER AND W I E S T  3 tha t  hepatectomized rats convert  progesterone- 
4-14C to a var ie ty  of steroid products  support  this view. Inves t iga t ions  in this labora tory  
have also demons t ra t ed  tha t  bo th  h u m a n  and  bovine tissues such as muscle, lung, 
skin, facia and  in tes t ina l  mucosa convert  cortisol-4-~4C and  progesterone-4-14C to 
several s teroid derivatives*. 

SUMMARY 

I. Cultured human fibroblasts (Ui2-7o5) metabolize cortisol-4-14C and progesterone-4-x4C to 
a variety of steroid products. 

2. 4-Pregnene-II~-I7a,2o~,2I-tetrol-3-one, 4-pregnene-I7a,2ofl,2I-triol-3,2o,dione have been 
identified and corticosterone and i Ifl-hydroxyandrostene dione-3,I7 have been tentatively 
identified as products of cortisol metabolism. 

3.4-Pregnene-2ofl-ol-3-one, 4-pregnene-2°a-°l-3 -one and allopregnane-3,2o-dione have been 
identified as products of progesterone. Evidence is also presented which demonstrates the presence 
of two or more additional products of the pregnanolone series (pregnane or allopregnane-eoa-ol- 3- 
one and/or their epi isomers; or pregnane or allopregnane-3-a-ol-2o-one and/or their epi isomers). 
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B A C T E R I A L  T R A N S A M I N A T I O N  OF T H E  S T E R E O I S O M E R S  OF 

D I A M I N O P I M E L I C  ACID A N D  L Y S I N E  

P A U L I N E  M E A D O W *  AND E L I Z A B E T H  W O R K * *  

Department o[ Chemical Pathology, University Gollege Hospital Medical School, 
London (Great Britain) 

Two of the three stereoisomers of diaminopimelic acid are known to be metabolised 
by bacteria. The meso isomer is converted to L-lysine by diaminopimelic acid de- 
carboxylase 1, while the meso and L,L-isomers are interconverted by diaminopimelic 
acid racemase 2. We now present evidence that in certain bacteria all three stereo- 
isomers may participate in transamination reactions with oxoglutaric, oxaloacetic 
or p~zruvic acids. Transamination of both isomers of lysine was also observed. 

Tests for transamination were carried out by incubating the keto acid and amino 
acid in the presence of pyridoxal phosphate with a cell suspension of acetone-dried 
bacteria at pH 8.5, and examining the reaction mixtures by paper chromatography 
(for method, see Fig. i). Comparisons were also made of the ability of the cells to 
transaminate L- or I)-glutamic acid. No investigations were made as to the stereoiso- 
meric configuration of the products of transamination, nor was the possibility of 
indirect transamination eliminated. No reaction occurred in the absence of bacterial 
cells. 

The transaminase activities of various representative organisms are shown in 
Table I. Only Baci l lus  sphaericus,  lacking diaminopimelic acid racemase 3, was suitable 
for testing both meso and L,L-isomers, since with other organisms these two isomers 
were rapidly interconverted by the racemase. Escherichia coli mutant  26-26 and 
Bacil lus  cereus, both of which contain no diaminopimelic acid decarboxylase*, 2, 
were used to eliminate any possibility that the apparent transamination of meso- 
diaminopimelic acid was due, in reality, to a preliminary decarboxylation to L-lysine, 
followed by transamination of lysine. 

Mesod iaminop ime l i c  acid actively transaminated with at least one keto acid in 
all the organisms tested. Tile rates varied, both absolutely, and with respect to 
glutamic acid transanaination. In 13. sphaerious the rate of transamination of meso- 
diaminopimelic acid was as high as that of glutamic acid, in Saraina lutea it was lower, 

* Present address: Department of Biochemistry, University College, London, 
* *  Present address: Service de Physiologie Microbienne, Institut Pasteur, Paris. 
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