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EXPERIMENTAL RESULTS

A gg;g-bgger Chromatogxaphy of Some C=2L ond C~19 Steroids.

Most of the earller methods described for the identif-
ication and determination of the transformation producté of
progesterone and other steroidal gubstrates were thoée in
which paper chromebographic techniques were adopted. ALl of

these methods were modificetions of the Zafferoni's method

(1950) «

In recent years, the thin-layer chromategraphic technique
proved its adventszes over paper partition chromatography es @
repid tool for the {dentification and resolution of mixtures
of steroidal compoundse Thus, Straka and Malikova (1961) were
able to separate some pregnanediols and pregnanetriols and |
reported ngvalues for cortisone, cortisol, 17 =hydroxypxrog=
esterone and progesterone. Admec et al. (1962) used the same
technique for the separation of ll-deoxycortisol, cortisogt~
erone, cortisol and tetrahydrocortisol. Bennett and Heftmann
(1962) also reported the separation of elghteen corticoaterolds
and pregnane derivative in submicrogram quantities. The
ohromatographic seperatlon of 2 4-pndrostehe=3,17~dione,
testosterone, ﬁhl'4-androstadiene-3,l?-dione; l~dehydrotest=
osterone, testololactone end l-dehydrotestololactons obtalned
from biological oxidation of progesterone was recorded by

Helena and Igor (1958); rakeuchi (1963) reported on the reletion
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between adsorpitivity and functional groups of some sterold
normones, while Lisboa (1965) found thet the Rp values of a
aumber of sterxoidal conmpounds changed by changing the propo¥-
tion of ethenol in the solvent mixtures of chloroform and
eihanol. Separation of some steroid hormoncs of the sndrosgtane
and pregnane groups together with models of some gteroid
gapogenins on thin—~layers of gtarch bound gilica gel was
cerried out suoccsssfully by Smith and Foell (1962).

The usge of edsorbents other than silica gel for the chromat-
ogrephie geparajlon of some si®roid hormoneg was investigated
by many workerse Wienstedt (1964) geparated some =19 and

c-2l steroid hormones on magnesium trisilicate plates, while
Metz (1961) reported upon the use of thin layers of Kieselghur
ns adsorbent for the rapid assay of enzymlc steroid transforme
ation., Thinelsyers of mixed adsorbents (51oa+ 31o3} were also
used for the geparation of steroid mixtures (Dumazert et &l
1963), while plates of silica gel containing sodium fluoresoence
were nsed for deteotion of some androgens (Repole et al, 1965).
Taentification of somedh.4—3-oxn—0-2l gteroids by induced chemical

reaction on thin-layers of silica gel was glven by Lisboa (1964).

The aim of the present work wes to find out the approp+
riate thin-leyer chromatographic techniques which could he
applied both to mixtures of intimately velated G=21 and C=19

steroid hormones and for the routine analysis of the different
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gteroids which might be encountered during this work as
products of the transformation of progesterone with the
experimental orgenisms. The majority of the authentie gsterolds
ugsed in this study were recorded to be g ransformation products
formed by various active strains acting on different steroid
aubstrates (Peterson 1963 and Capek gb al. 1966). A collection
of different solvunt gystems and colour resgents were used

for the seperation and identification of such compoundse

ethodss

Glass plates (20x20 cm.) were cleaned by washing with
a detergent, tap waﬁer, distilled weter and alcohol, respecte
ively. The chromatoplates were prepared by slurrying fhe
acsorbent silice gel W G (Merk) in distilled warer., For
five plates 30 am. of the adsorbent were used in 60 ml.
distilled_water and the slurry was applied using & Desage
instrument. The plates were dried in an oven-at 310°C for

one hour and were +hen left to cool and stored in a desicecator.

So;vent gygtema:

For the purpose of separation of the different steroid
products & ahmber oi solvent aystems of reagent grade of
the followlng compouitions were useds
I - Cyelohexane 3 chloroforms acetlec acid (80 ¢+ 10 1 10, ViV).
I~ Toluene 3 Petrolews ether (40-60°) s methanol (40240 320,V1V).
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I1I - Cyclohexanes: acectone 3 chloroform (758 253 25, Viv).
IV =« Bthylene chloride: actone (80:20, V1V).

Solvents werc mized immediately before usecs

Colour reggents

A number of colour reegents of the following constit-
utions were prepezed snd useds
1 - Aqueous lodine 3 0.2 N iodine solution In potassium iodids,
(Pumove et gle 1955).
9 w [jebermann-Burchard, (Waldi 1965)s B ml. acetic anhydride
+ 5 ml. cONCe gul.phuric acid. The mixture was added .
slowly while cooling to 50 ml. gbgolute ethanol. (After
gpraying, the plates were heated at 110°C for 10 min).

Authentic sgamples 1@

- lTQ‘-Hydroxyprogesterone.
- 17X -Hydroxyallopregnane-s,zo-dione.
- 11 -Hydroxyprogesterone.
- 1ll0o¢ -Hydroxyallopregnane~3,20-dione.

1

2

3

4

5 = ].].f) —Hydroxyprogesterone.

6 = 15X -Hydroxyprogesterone.

7 - 16 -Hydroxyprogesteronc.

8 = Deoxycoriicoateronde

9 = 17 % aHydroxypregnenolone.
10~ 17~X‘AHydroxyallopregnanolone.

ll= Cortisone.
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13
L4
15
16
17
18
19
20
21
22
23
24
25
26
21
28

in

shloroform or mcthanol or mixtur

Prednisonee.

SsubstanceS Se

Gorticosteroncs

11x 917 X ~Dihydroxyprogesterone.
1l:¢y 6P ~Dikydroxyprogesterone.
11, lﬁp -Dihydroxyprogesterons.
Allop:egnanen%ﬁ. lTpK,al—triol-ao-one.
Cortisol.

Prednisolones

Eplcortisol.

Androstendione.
431’4-Androstadiene-3,l7—dione.
Androsterone.

Tegtosterone,
ll.D{-Hsdroxytestosterone.

@p - Hydroxyandrostenedlone.

Tegtololactone,

Semples of sterolds were gpplied as a 0.01 % solution

Regullsas

The results of chrometographic sep

different steroids are represented in Teble

in the table ¥

praegnene and allopregn

e of both .

aration of the
(L). As shown
ne first eight compounds arc mnnohydroxytﬂn4-

ane derivatives containing a ketone at
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G=3 end C=20 and Giffer in the orientation or posifion of
the hydroxyl sunction. The mixture of these compounds was
completely resolved with systemrll. The resolution ofxﬁbﬁ- )
and the 5 X —analogucs (17 X ~hydroxy allopregnane*B.ZG-dﬁone,
17 CX_~hy droxyprogesterone j 11 (x =hydroxyprogesteronse ~3 420~
dione and lla<-hydroxyprogesterone 3 compounds 1-4) was '
achieved with systcms I, II and IV. With these systems, the

5 04X —analogues (l?°g~hydroxyalLOpregnane—B,20—dione and 11X -
hydroxyallogregnaneéB,EO—dione, compounds 2 and 4) moved
faster than ihﬁ-pregnene derivatives (171¥'-dydroxyprogesterone
and 11l X =hydroxyprojscsterones compounds 1 and 3), respectiv-
ely. The latter two compounds appeared nmorc polar due to the
presence of ancb(ﬁ-unsaturated xetone group. The two axial -
equatorial epimers, 11 =X ~hydroxyprogesterone and l%ﬁ*hydroxy-
progesterone (compounds 3 and 5) were exclugively separated
with all systems. In all cases the equatorial 11-0H group in

11 0(-hydroxyprogesterone confers high polarity on the molecule

compared with the axial OH=group in l%ﬁ - hydroxyprogesterone.

The second group of the G=-21 aterolds comprises the
dihydroxy Ll4—pregnene and allopregnanhe derivatives (compounds
9-17). The mixture of that group was resolved with systems
IX and IV, Resolution of l7C<-hydroxypregnenolone (compounds
9 and 10) was achicved with systems II, III and IV. In all
cages the pregnolone jerivatives appeared legs polar than
the pregnanolone prosumably due %o the present of the C=5

doulbe bond. Cortisone and 1ts<£51-dorivative (prednisone) ,
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compoundas 11 andil2 were successfully separated with systems

II and II1T1.

The third group of g-21 steroids consists of the
trihydroxy 43-4-pregnene and ellopregnane derlvatives

{ compounds 18-2L).

The Separétion of mixture of-these compounds was accoup-
1ished with systems III and IV, Allopregnane —3;;74,2l—triol-
o0-one had the higher R value with ell the systems used.
Cortisol migrated less than allopregnane 3B, 17X ,2l=triol=
o0=one due to the presence of the B-unsaturated ketone group
in ring 4 of cortisol. The introduction ofj)C = C at position_
one in cortisol regulting in an extended conjugation with
thecka§-unsaturated xetone group, caused a retardation of the
mobility of prednisilone with all the systems used. Similerly
the presence of egquatorial OH group at C=ll in epicortisol
lowered its migration rate and it appeared more polar thean

cortisole.

The G=-19 sterclids (compounds 22~28) axe of the androstane
type. Best yesolution of these compounds was obtalned with
systems II and IV, Androstenedione and its-é&l—dehydro-deriVb
ative{compounds, @2 and 23) were separated with all the
systems. The introcuction of a double bond at G-l in the

molecule of androstenedione led to an inerease in the migration




rate of.ﬁzl’4- androstadiene -3,L7~dione with all systemse

A phenomenon contrary to that was observed in case of cortisol
and its & l-dehydroderivative. Better scpopntion of
androsterone and testosterone (compounds 24 and 25) was recorded
with system II. i B -Hydroxytestoaterone'and Qﬁ-hydroxyandr-
ostenedione (compounds 26 and 27) were easlly resolved with

211 the syastems except Bystem I. AS expocted, the first
compounds had lower Re vslue with all systems due to the
presence of the eguatorial 11 x ~OH groupe

A trial was carrled out to atudy the characteristic
colours of the {ndividual steroids by using three different

colour resgents and the results ere presented in Table (2)e
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Pable (L)s The Re velues of the teat c-21 and C-19 sterolds
with different solvent systems*.

=ﬂ=ﬂ=======ﬂﬂﬂﬂj

f===========m======:=====================7===:f§oo with solvent
Noe Compounds systems

| I i | 11x44ﬁ_1v
1 |17 o¢-Hydroxyprogesterone. 33 |79 | 88 83
2 17 °<-HydroxyaLlOpregnane—j,20—dione*44 83 | 92 94
3 {11 ol ~Hydroxyprogesterone. | 5 55 75 61
4111 oX-Hy droxy allopregnane3,20-dione. 22 |67 | 15 65
5111 B eHydroxyprogesterone. 21 | 69 83 T4

6|15 °<-Hydroxyprogesterone. 15 52 78 6L
7116 °<-Hydroxyprogeaterone. 5 39 | 75 57
8 Deoxycorticogterone, 39 T8 90 89
9 17"(—Hydroxypregnenolone. 36 |59 62 | 6l
10 17"(-Hydroxyallopregnanolone. 36 {54 § 55 51

11 | Cortisone. 42 % 33 53
34 43 59
37 § 44 70 4
83 | 69 | 18 #

5
12 | Prednisone. 5
| 1
7
151 1L o< ,17 o ~Dihy droxyprogesterone. 5 36 48 46
. ,
5
5

lﬁ Substance Sa

14| Gorticosterones

16 1l ¢ ,6 B ~-Dihydroxyprogesteronee 33 39°-1 45
30 19 33
39 T2 57

17 ll < ,16 B ~Dihydroxyprogesteronéas
18 Allopregnane~=3 Pal7 ¢ g2l=triol=

20=-0N08e
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Table (1) (Continued) «

E
Revealed by Lie

bermann-Burchard colour reagent.

““T"""“"“m:““:::“““m‘=“"‘““TZ;:Z:ES“;??Z’ZZ’EZZT
Noe Compounds gsystems

I 11 I11 Iéj*
19 |Coxrtisol. 5 32 40 35
20 |Prednisolones 5 32 33 28
2l Epicortisol.' 5 30 17 12
22 | Androstendione. 41 61 58 89
23 éﬁl’4-Androsta&iene-3,l7-dione. 42 | 83 96 72
24 |Androsterone. 36 67 68 76
25 |Testogterone. 22 86 T2 82
26 11 o< -Hydroxytesosterone. 5 35 37 26
27 16 B -Hydroxyandrostendione. 5 53 67 56
28 |Testololactone. 5 l 78 72 84
L=====._.========.-,=_-,=_-.====ﬂ.—_================¢====z=====a=====¢====_-..
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mable (238 (Continued).

H"hﬂ“ﬁ"ﬂﬂﬂﬂ“ﬂ““ﬂ“ﬂ"“"ﬂ“ﬂﬂ“““....uHHUUH“HWJHHH!“"HHH.ﬂHHU"HHH“HHH"HH““HHHHHHW“““ﬂﬂ““““ﬂ“ﬂﬂ"ﬂ"uﬂﬁﬂﬂﬂJ
‘ M w x | Ghlorosulphonic acidf Iiebermann Burchard

| No| Compounds m HM\%H : m .

! ! UoH.c i ,God.o boH: _ .G.cé‘t

. k A . _p, —t —

| HM Cortisones w ‘deep | opange 1 blue , orange | blue

’ M b blue .w M m

m 12 | Prednisones \  rust | browm M brown ’ brown M deep browm
” i | .. brown i | m W ’
” Hum gubstance S. M brown | violet W rose | violet | rose #
L 14 Corticosterole. ! rust | deep owwdmw yellow | deep green! yellow
| | | wom g |

M 15 w_ 118, 1T Idwaﬁowﬁwommm&maobmﬁmmw blue _ hrown w yellow __ brown yellow
“_Hm“ Hwnx.mwsuwsumuoﬂwwﬂommmﬁmwobm. w pale w brown N gky blue brown w gky blue
| ‘ | brown | | | |

ﬂ qu HHD«.Hmﬁ:ﬁmbﬁ@ﬂoxqwuommmdmwobm.“ pale w. brown - sky blue w brown M gky blue

M ﬁ M brown M w M m .
mem waowdmmbmbmtuw.wqhxumHIdHHoHt M blue | brown M ¥olet ” brown M blue _
.’ ___ 20~0nes m ,, | . * _._

119 | Cortisole i} M pale ” pale %mwm brown | dcep duosaw paele brown
f W : |  brovn w ! . _ |
,mow Prednisolonee. w pale | brown Wmmv brown brown w deep dwossm
| | brown , M d

, NHM meQOHﬁwmoH. ﬂ blue mmem hrown F yellow awmwm_d8055’ yellow ’
rPlllm L i . ! ’ -




Table Nmuuﬁaowﬁwb:Wmu

mu““u““n““ﬂuu“uul““un“ﬁuﬂuu“““"““Jﬂ“ﬂ““““u“_u"““““ﬂﬂ“.u“"u“u““...H.l.n“uuuu.l"....l-nl.n“un““““"uuuu".h““ﬂ"“"u“"““
_ . “ Chlorosulphonic acid A iiebermann Burchard M
Nod Compounds memamw # e :
L X R : Delie i U.V, K .meb. UV
Mm‘ Androstendione. yellow, blue. -+ violet W blue violet
M | brown M w |
. mu_ Puwcélmamwomamawobml m wmwwosw roge | grey green deep ro8@© deep yellow
| 3,17~dione. , .’ w “
24 | Androsterone. _ pale , red brown| grey green m red brown grey green
* w brown “ W
25 Testosterones ‘ brown | yellow pink + yellow yellow pink + orange
. ’ | ﬂ M browm brown
% ,_ Nm.’ ”_.Ho»..mﬁ.uo%mmdomdmwosm. W pale !deep olive pink + yellow decp green | plak + orange
_,n | i brown green - |
wq‘ mwlmumﬁoxqmbpﬁomﬁmbauobm.m yellow |pale brown blue pale brown blue
_ |  brown
.nmi_emm«owowmowobm. # violet | brown. .. .. ‘blue violet brown violet
r““““““ﬁ"u""“u"“un"“““uuu““ﬂ“uu“u,"u“ugnuﬂw““"""u“nﬂupu“nnunﬂ“““u“u““nuhunun.u“U““H““““““ﬂ““““ﬂ“'“uu
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The spots obtained with HN\WH r
UsVa larpe

cagent acquired a dim colour

when observed under
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B= Trensformabion Reaction of Progesteronse a8 & Diagnosgtic

Feature in the Cleasgificatlon of Mugoreless

The most important approach In tho coonomical synihesis
of the adrenocortical hormones is the microbiological introdu-
ction of hydroxyl gioup into the strategic ocarbon atoms at
G-ll, C=17 and cw2l of sheroids required for anti-inflammétory
activitys Despite-widespread ability of the fungi belonging
to the order luocorales to perform those important hydroxyl-~
gtions'(Peterson end Murray, 19523 petexson, 19633 Capek
ob ol., 1966 Hl-Refal gt ghes 19693 El-Kedy b gke 1972
and El-Kady and Allam 1973), yot, there ore no available ref=
ercnces on malking use of o suiteble sterold molecule ag oie of the
aisgnostic features for the classification of'Muco:gges, _
oxcept the Limited trial reported by Eppsteln gt al,y (1958),

on the oxygenation of some steroldas by three 1solates, Mucor

parasgitious [ATPCC 6476) end mucor zriseo=-cyanus (ATTCC L1207

representing the family Mucorageae and Helicostylum piriforme
(ATTCC 8992) ropresenting the family Themnidlacese of the

order MucoralesSs

In the present experiment, the transformation properties
of 147 isolates (colleotod from different sources and .
loocalitles in Baypt), vhich belong to 11 specles and 5 generas
end olassified under 2 fomilies of the order Eggggngg were

gtudled




Proscsteronc ond of the most eaclily avallable gterolds,
was uscd as the gubstrate for the enzymic transformation
performed by theme microorsanisme. 7o elucidate the ceffeot
of composition of the medium on $he quality ond quantity of
the transiormation reactions, two aifferent media were uged
in this experiment, 4 and G (Pable, 5 page 71 )e The pH of
the medium was adjusted to De5s anh organism was cultiva~
ted on both media (50 ml/ flask), ander submerged conditions
on a rotatory shaker for 48 hours at 28C°, then 1 ml ethanol
containing 30 mgZe progesterone vas added %0 eﬁch flasks The
time course of the transformation was determined after 48
and 72 hours uslng thin=layer chromatographic technique and
two different solvents ILI and IV (paze39 e

The regults in Table (3) show that only g1l isoletes of
Circinelly mmscge ond of lucor girginelloldegy both helong-
ing to fanily Mucoracgge. exhibited aan oxidative gplitting
of the side chaln of progesterone molecule in position Cml7
with Dr. androsterone=3, 17=-dione and testosterone as
intermediary products. The followang opening of ring D

agove rise to testololactone a8 the fincl steroid producte.

In the remgining 141 isolotes of Mucorgles & uniform
hydroxylation prbcess wos determined in progesterone molecule.'
It was found that hydroxylation at Cwll waos cohieved in every
coge either at site 11 & -only o¥ at both sites 1l o =and 11p~

together, lHowever, the quantity differed from one isolate to
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gnothors AlsSo none of the isolotes aould hydroxylate the
gteroid molecule at site 11p=onlys 11}3-Hydroxyle.‘tion, hesids

1L w =hydroxylation, resularly pccursred in al). isolates of

jheidly corymbiferg of the family ipcoraceas and in severel
igolates of Qunninghomedls elegalg and Ge ochinulgtg of the
fomily g%nepgoracege.

with respect %o the genus RIIZOPUS, the isolates could
ve classified into two groups: o
The firgt, comprised all isolates of the gpecies Re QLYZ38
(22 isolates) which traansformed progesterone to 11 -
hydroxyprogesterone a8 o single aond final end products The
second, comprised the single isolate 0f Re nodosug ond the
47 isolates of Re gtoloniferunm (B aigriogns) vhich trans-
formed progesterons $0 11 < -hydro:qrprogesterone and further
to the seoond end product 6p, 11 a;-dihydroxyprogeeterone.r
Begide this hydroxylation reaction performed by all isclates
of Re gtolonifexum gome isolates gave another monohydroxyl-
ated products (21-hydroxyprogeskerons and 17 X =hydroxypro=
gestoerone) as well as the dihydroxylated products (11 &y
176¢ - and 17 oxy 21-dihydroxyprogesterone) s ond three isolates
performed the polyhydroxyla’cion of progesterone leading to
the yield of 11 o 17 o 21-Trihydroxyprogesterone
(epicortisol)e.

With wegard to the bioconversion of progesterone by the

gemus kugQrs it was noted, as praviously degcribed, thab
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Hucor grj._rcj.nelloides haod the abillty of an oxidative splitting
of the side cheoin-of progesteronte 411 isolates of INhoox

[T geome iy were able of a unique type of hydroxylation in
vhioch, beside 11 ~hydroxylation, was proved the presence .
of 14 == ~hydroxylation. This monohydroxylation was not

recorded in all other isolates of the test genera and specles.

411 isolates of Mucor xacemogug (18 isolates) and 300X
hiemalis (28 jsolotes) were similar in some aspectsy they oll
gave the ménohydroxylated products, 11 & = and 17 %€ =hydroxy=
progesterone and the dihydroxylated products 11 % 17 6L -
dihydroxypmgesterone. The differed in some ngpectss sone
imolates of I hiemallg could achieve & unique monohydroxyl~
atlon, ﬂ»hydroxyprogesterone which was not recorded in any
isola'be'of o Zgcemosusge. On the other hand, some igolates
of M. Xgocmosus displayed o reductive roaction converting
11 o« ~hydroxyprogesterone into 11l &¢ = Vdroxyallopragnane-B,
20=dionece Al8sO the production of ‘a:gihyd.roxylated derivative
(e'picortisol) by some igolates of Mucoxr hiemalls, proved
that these isolotes owned the 1l ac, 17 & and 21-hydroxylases.

Family Choanephoracens was represented DY 19 isolates

which belong to two species of the genus Cunninghamella,

C. elegans (6 isolates) and Ca schinulaba (13 isolates)s Al

togt isolates of Ge §L88aAS gnd most isolates of Je echinulatl
could periorm nydroxylation at both 6p~= and 11 e - sites
yielding 6By 11 o, ~dihydroxyprogesieronds
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| The repults also indicatc that the type of culture
pedium (medium, 4 ond 6, Table 5) induced no influence on

the quality of the mctabolites, Lutb the rate of tranaformation
was favoured more in medium 6 oontaining zlucoee, atarch and
corn steep liquor than in medium (4) containing glucose,

starch and peptone.
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raple (3): Traasformation products of the test microorganiems in the progesterone

moleculees
nnﬂu““..Il..ll...o.li“““uu““u“u“u““ﬂu“"“uﬂn““nﬂ“““”""““uﬂ"“"“““““."nﬂ"uﬂ““““u“n"u“nﬂ““nﬂuu“““."n""“unnlinu““u""“"uu‘n 4
‘—. ] eumbmwogm..«u.oﬁ @H.o@no.nm
organion No. of | Boures of mopo_s . D~ Dy Side chain
igolate _H solation hydroxy~ hydroxy= hydroxy-
wuommmdmuobi progesterone progesteron degradation
Fauil : lucoracezes .
Abgidia corhifera 1l goil 11 m; 11Bw4 11X, 17 = - -
Ao corymbifera 8 goil 11 w3 11P={ 1loxs LTK~ - -
A, corymbifera 204 soil 1leg=; 11p~| llxs 170K~ - _ -
Circinella mmgeag 10 grains - - - n ab-
oA _ m.a&.o,nganl
11 - | o S
Ce ugcae 39 80 - - - + testos-
L puiscLrioh-d teronse
. + tesjolo-
Ge uscae 43 wheat straw - - - lactone.
| ] 4
W cirsinelloides oil - - , - B -
dugox 17 © androsteine-
u.wo...mu.ouo
- + testosw
Jun circinelloides 55 soil - - torone
. - : + testolo=-
. - - - jactone
11, circinelloides 115 soil : L
- . N - .b \. . .. . .. " o ’ -. ) L _..o‘ b . . ﬂ R i s
= ll#il““““"“u&ﬂ;&k“ﬂ““ﬂuﬂ“““F““““““““ﬂu“"ﬂ““"“ﬂ"ﬂﬁuﬂ,ﬂ "nuﬂn““u.l.u"""...ll"ur"""uuun“unu&u“uun“uﬂun"“




“a

Table Gv,» (Continved) e
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““““"“"H“"“““u"““n"uu"h"“u““nu“J “""ﬂu“ﬂﬂ“““n"“““vﬂn“"“"H“u"u““un"“"“““ﬂuu“"“uﬂ““u“ “ﬂh"“"""u““““uﬂ“nﬁ
) prangformation poH.oﬁanm
organim No. of jSouree of fiono~ - Di- | rri- side
isolete |isolation ihydroxy- hydroxys - - hydroxy= Mwwww...
progegterone progest ma.o.hm}grwuommw&aﬁ.obo dation
meor griggongyanug. 160 s0il 118w 14X~ | 6B 11= - -
H, griseomcyanus 500 goil 11K ~3 1400 = | 6B, 1104~ - -
e griseomcyanus 6009 pea= bt  |1lo(=3 14& 6By 11X~ - -
straw

mueor biepalis 4 o1l |1le¢es 17x- (11X 17X -~ -
5 food—-stuff [llee¢*; 17w {1logy LT - -
16 goll 11tk = 172 |1l (s 170~ - -
18 air 110¢=g LTX = |11y 1764 - -
19 alr 11 =3 1TX 11 0y 17X =) { (1% 17y -

-3 21 F {1ty 21- | &17) B
20 air 110 =3 17X~ {1lxy 17 X - -
27 soil (110¢=) pLLp~y £110C s 1Tpen) ] 11Xy 170 -

170¢~3 (21=) 21-(11B3,.

: - H.HW«..PY )
Mo hicmalisg 31 soil 116~ 17X = 11X 17 - - -
32 goil 11 -3 17X~ 1l sy L7TX" - -
53 goil 11 w3 17K= | 1loky 172 - -
84 goil 110 a3 11P=3 | 110K 170~ | 11X 17 %, -

| 17 &ws 21= 21-(113,

17eg s 21)
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: Transformation products
To. o0f} Source of -
Organism jgolate| isolation Mono= Di- Tri=- - gide chain
- hydroxy~ hydroxy= hydroxy=
progesteronc progesterons progesterone degradation
4. hiemelis | 102 soil |11 11pes jllec, 17%= (11lex 4 17 -
- lllllt.t.l H.NR-IM @ou-. 9 ] !NIHl”M.-Wllul- ]
ije hienalls 107 goil 11o¢ey 17X {119y 17X~ 11, 17, -
;3 21~ - 21~ -
e 128 goll 11K =5 17w }1logs 174 - - -
i 131 |vheat gtraw {11od=; 17 o= Y1lle(s 17X = 11Xy 170 o -
; el- - 21~ .
e 140 - pea=nutb 110 =3 11B-3 J11%y 17 - {11727 oy -
straw 176 =3 21~ $ 1la, 21= 21w (113 o
: 170¢y 21~
e piemalis 191 goil 1166 =3 17X = J1102(, 17X -~ - -
e - niemalig | 152 goil 11k -3 17a¢= {1iocs 17« - - -
1. hiemalis 161 goil 1] X =3 17 K= |11y 17X - - -
M, hiemalis 163 soil 1L -3 17X~ {11, 17 i~ - -
1, hiemelis 168 soil 11 -3 17X~ |11 X 17K - § 11y 17%, -
_ 3 (21-) ) . I -2 ;
Ma hiemalie 173 soil 11 =3 17X= | 11Xy 17X = - -
M hiemalis 176 , goil 11 =3 17 Ko |11y 170~ - -
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Do ARDE

 ppangformation products

Source of

Organisn . . X fono= Di- Trie - Side chain
solate] isolation hvgroxy- hydroxy- hydroxy= -
progesterone progesterone progesterone | degradation $
Tle hi aligs .kONm ﬁﬁ@@ﬂ mﬁmHﬁm HHQA!uHQQAln PHmKoHQOAI PHDﬂCHﬂDﬁn bl
X, s emalis | 4032 |cotton seed Ww..oﬂluu.qnn ws | 1lo¢ 17X ~ Wm_..mn s LTX -
4035 |ootton seed | 11X =;17X= | 11 (170~ - -
6028 |{wheat graing lig~31l7x= | 1logy 176 = - -
21 soil L - 17 ogeg | 118(,17X~ - -
28 soil wwm..w pwoww... § 110,17~ - -
51 goil kalmwm.nw!u | 1log 4 170C~ - -
Oﬁlm- e - |
58 soil WWWMIWHHMQWS“ 11« 17X~ - -
88 sot1 | 1L m..M..Wh 17 i | 130(,17%- - -
| a9 |wheat straw| 11aC~317%=i1 115,17%~ - -
. = B HHR -lm.b.‘_ - -
Mo racemosust 97 goil HH”...E.AQWJ 110,17 %~ - -
: 11 =H,A.™ - .
Y.  zacemo 126 pea=nut | 11X =317 %3 110(, 17K~ - -
atraw HPOflm.PO
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"“““““""“"““““H“u"““ﬂ Hu"“UH“"J.““-!““-Il-“"u"“H"uﬂ""““u“u““""“"u“n“n“u""uﬂ.“uuuﬂ.‘u“u“"“““"“““u“uﬂ"“n"“l.ld
) pransformation products .
organten H.Ho . of moﬂuom _ow 1 liono= Dive mpi = side
isolate u.mo“.ﬁmi.os hydroxy- hydroxy= hydroxy= MMMWMI
progesterone { pro gesterone |pro gesterone dation
e racemosus ; 127 goil wwx...mpm. oy | 11 ,17X = - -
G wflgiing - i
e 7A.CEMOSUs 132 goil Wuu.. M ...ku.w. .m..“ 11 o 917 K - -
He racemosug | 133 goil o oy § 11 %417 = - -
e A emo SUg 139 - soll w..w Ok =3 H.w. um...m 1L 417X = - -
. o w-letle .
i X - \ - - -
He TaceHoEus 162 mow.w WW“ CM.H.._...M % s 111 K41l7X . . ‘
He racemosug | 306 soil WW“..WHM % | 11X s 170~ - -
-l atee - .
ile racenosus 313 goil W_—..W MM....WHHM oq-3 11 y 7o~ - -
. racemosug | 501 goil 1L ag L7 | 1127 H - -
11lo( =Hehe o
Lie racemosus 4038 lcotton seed ...,_F.WR.J HM. eM..." 110,17 X~ - -
X wiiells
Me racernosus 023 pea~nut 11 X 1T Red 11, L7 X~ - : -
= N strew 11 sk
Ruigopus nodosus | 199 soil 11~ | 68, 11~ - -
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Tpangformation products
Organisn Mwwwmmw womwmwwpww Hono= - pi- trl- Side -
hydroxy- hydroxy= hydroxy- Mwﬁ._.wu. -

progesticrone | pro gesterone progesterone dation
Rhizopug, Qryzag| 2 soil 21X - - - -
Re oryzae| 13 goil 1306 = - - -
Re oryzae| 14 goil v lde(e - - -
Re oryzae| 15 goll Jlocw - - -
Re oryzae| 23 food~stuff 11l X~ - - -
Re orvzael 33 food=-gtuff Tl - - -
Re. qryzag| 35 soil Hogw - - -
% Re oryzae i 44 gsoll 1lof- - - -
Re oryZee ] 54 gsoll 1l (= - - -
Re ory %28 58 fodder 1] X - - -
Re oryzae 62 food=~gtuff YLK~ - - -
* R. oxyz3e 81 pea~nut straw 1l - - - -
Re oryzag|{ 83 soil il - - -
Re oryzae 100 soil 11 - - - -
Re oryzae| 108 cotton seed 1le= - - -
Re oryzae| 112 pea-nut straw RO = - - -
R.  oxyme| 116 air 31 o - - -
Re qryzae 121 cotton seed 1l - - -

Re oryzae | 134 soil 11 ok - - -
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mable (3)3 (Compimied)s

Tﬂ“ﬂﬂﬂﬂ““"ﬂ“ﬂ"ﬂuﬂﬂuﬂuJ HHHHHHHAHHHHHHHHHH“H HHH..uHHUHHHHHHUHHHHH“H“HHUH“HHH“HH"““HH“ﬂHHH"HHBﬂA
o Trangformation pro ducts
No of |Source of

. e UORO= Die- : Tri- Side
Organisn 3 - : : J
igolate {isolation |y o anoxy- hydroxy— hydroxy- Mwm.uw.n
progesterone | pro gesterone progesterone dation

Re 0oxyzae- 157 pea~nut L1~ - - -

‘ - gtraw : ;

Re. oryzde 179 goil 13.0€ w - - -

Re TY%5e 201 go0il 1l o(~ - - -

Rhizopus ﬁwwoﬁmmg 3 lfood-stuff 11 - 6PylleC = - -

(R, aigricans) ]

Re &t oloniferuny 7 food~stuff 11of = 6By 11 & ~ - -

R. gtoloniferinm 11 graing 11X~ 6Py 11 N~ - -

Re. gholoniferum 22 air 110( = 6By llivt = - -

R. glolond ferun 34 goil 11K~ 6ByLlloxX = - -

Re 850 1oniferum 36 soll 1l - 6By11lX = - -

) 170K - . O e

Rs gtoloniferum 49 soil 11 6By11 06 - -

Re 8t oloniferum 57 - goil 11 X~ | 6By ll X~ . - -

R. maou.obwwm.d&p 66 Pood=stuff 110 ~317 A= %me.w..ﬁn"wge WHR 2170(s -

| - - 1o -

Re gtoloniferum 67 soil 1l = 6By 110(~ - -

R. gtoloniferun 71 gsoil 11X~ 6Pyl X - -




pable (3)t (Contimucd)e
E""““nﬂ“uuu“n“ﬂ““u““"“"““Jn"ﬂ“"““ﬂ“a““““ulﬂ“"“ﬁ“u““"........-rl..."\aﬁ"un"""“““"“u""nu“““H"““““““HH"”“"“"“&
] Prangformation products
T o (el = N e

hydrexy- hydroxy- hydroxy- .wmmu.. o

progesterone | proge sterone | progesterone dation
R mMo“_.obHWrderH 73 golil 11X - 6P, 11 X = - -
Re gtoloniferum 80 goil 11w 6By 1l X~ - -
Re gtolonifezum 91 soil 11l K~ 6Byll = - -
'R, stolonlieruan 92 goil 11 e - 6Py 1l X~ - -
R. stoloniferum 93 air 110K 68,11 X - -
R. gtolonifoxum 94 air 11~ EPyll X - -
Re stoloniferum 99 pea~nut straw lla(= 68,11 = - -
R. gholoniferum | 101 air 11o = 6By 110X~ - -
Re gtoloniferuu 104 goil 11 oC= 6Byllag - -
2. stoloniferum 105 goil 110 6Ppll (=~ - -
R. gtoloniferun 110 pea=nut straw 1lo¢~- EBgll o~ - -
Re gtoloniferum 113 cotton seed 1l =~ 6psllar-. . - -
Re gioloniferun 114 pea-nut straw |1198C=} 17 =5 | 68,11 yw=; 13 (llag 17 s »

_ 21 o g17o¢ =311 | 21~ A

B og e A .

R gtoloniferun 117 pea~nut straw 11 = 6By 11X = - -
Re S8t oloniferun 119 pea-nut straw 11 X 6Bgll X = - -~
R, &toloniferun 120 pee—nut straw 110w 6By11 X - -

'R, stolopiferum | 122 vheat straw 11 o 68,11 X - -




mable (3)s (Contimred).

“UH““““““H“"“"““"““HUH““.h...uhll..."".l!l“"l'l‘t“"ﬂhJ““nﬂ"“uuuuﬂunﬂ“"““H““ﬂ“"ﬂ“nﬂ"““““u“uH““"ﬂ“"“""ﬂ“"uﬂ“
] Trangformation products
) |fo. of Source of onoe Di— - T
| e igolate | isolatlon  lnyerowy- hydroxy- hydroxy-= MWMMB(
T progesterone progesterone progesterone nww. wﬂ ]
R, stoloniferum | 123 waeat straw 11X = 6,11 o = - -
R. gtoloniferum 124 wheat straw 11 = 6Py 1Ll X~ - -
Re gholoniferum 125 air i~ 6Byll X =~ - -
R. stoloniferum | 129 wheat straw 11 e - 6By11 X = - -
R. sgtolonifegum | 130 cotton seed 11 % - 6Byll X~ - -
R. sboloniferus | 135 cotton seed 11X = 6Byll - -
m__u, Re stoloniferum 137 soil 11e = 6By1llex = - -
! He atoloniferun 164 soil 11X~ L 63,11~ - v
R. stoloaniforum 174 goil - |} 11 = 6Bylle ~ - e
Re gtolonlferum 177 goil 1lof = 6By lla( = - -
Re gtoloniferum 180 goll 11l o = GPRell = - -
R, stoloniferum| 182 soil 11 %= 6By 11of = - -
R. sboloniferun L 309 g0i.l 1laC = 6By 114 = - -
R. stoloaifexum| 310 goil . | 110K = 6,11 = - -
R. stoloniferum 311 soil . 11K~ 6By 1l &~ - -
'R gholonifery 1001 soil 11K - 6By11% = - -
R. Jstoloniferun 6011 | pea=nut straw 114 = 6Pyllec = - -
R, stoloniferum 6027 cotton seed 1lo( - 6Psll X~ - -
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echinulata

-

-4 uﬂaﬂ““u““““.ﬂuﬂu““"uﬂ"“““"n“ ““"uuuu".# uu"u..l._l“rl.."ﬁ""4-I....."“..II.u“““"u"u““'“““"““"u"““nn“""ﬂ“"“"“"u““ﬂ““"un M
) pransformafion pro ducts ._
Organisn MMMMMM MMM llono= - Di- Trie
hydxroxy=- hydroxy=- hydroxy=-
progesterone progesterone progesterone
raptlys Choapgphorageae: -
%@Ww@ elegans goil 110 w3 115~ 6ByllX = -
Ce elepans goil 11 ~317 = | 6psllX =311 -
- oLy 17 o~

Co elegang goil 11l - 6B, 11 X -

[+18 glesans soil 1leg=311B = | OPsllot~ -

Ce elesans soil 11K =311B = | 6By1l™~ -

h elegans cotton seed 11X =321B = | 6Pslle~ -

mmmmmmwmmim. soil 11 % =311 p=3 1loc g 17X = 11 o172y

17 =321~ 1log y2l~= 21~

C. echimlata soil 11X = 6Py 11X = -

Ce echinulatd goil 11X - 6Pg Ll X~ -

C. echinulata goil 11K - 6By 1l X~ -

Ce .m.ME.bFHm&@. soil 110€m 6B, 11X~ -

Cs mnanﬁ.m.mw goil 11 =3 (17X) 118, 170K~ -

Ce echinulata goll 11o¢ =3 (11B~) 6By 11X = -

c.  cchinulata goil  |1lot= 6ByllX = -

GCe Mowwbﬁﬁm&r@ goil 171 Oy 115~ 6By1l0OC~ -

C. goil 11K w3 17X ~ PS.H o y 170~ -

_ - . S




crable (3): (Contimed)s

ey g 1

uu"au“"“"“u“unnnn_u"uuunun“"““null" lllll
! Transformation maogsoam
oreandem Ho, of |Source of |11 no. . Trie . - i de
& igolate |isolation )
hydroxy- hydroxy« hydroxy- chain
progesteronse progesterone progesterone degradation
g it - - = - v - . e
i Co Waﬁbﬁwmﬁw 301 goil 110w 63,11 o~ - -
Ca morwbmmnm&m 304 soll 1lof ~ 6By11 X = - -
uﬂnnuﬂuu““"u“nuuku"““““““Pu“"“"““““ ..l..u..l...““""U"“Hﬂ"&u““n“"u“.ﬂ"uu"""“n“"“u“""““"“"ﬂ““""““""""“ﬂ

. -

2 ()
g Q)

“HH & wilehie

e Cietabolites not formeds

=

1letabolites formed in trace amouintss
letabollies formed in high amounts.:
a 11w lm%mwoﬂwﬁ.wowwmmsmbm:u. 2

O-diones
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O~ Quantitgtive Estimetion of tgg:DifferentﬁTransformgg;ggg“

ggrfrogesterone by the Active Isolatess

Tt has beca shown in the sereening experiment (Tables 3)
that MYe hiemalis (isolabe No. 19) cave a high yield of 11 X
17 &( =-dihydroxyprogesterone and epicortisol, while jisolates
Wos, 27 and 102 of the same mould gave a high yield of both
alnhydroﬁyprogesterone and epicortisol. ggnninghamellg

echinulggg‘(isolate Yo, 77) gave o high production of 17X -

nydroxyprogesterone, while Re gtoloniferun (isolate No. 114)
zave a high yield of eplcortisole.

The aim of this experiment was to determine quantitativaly

the transformation products ond capacitics of these orgonismse

Quantitative anglysis of the gifferent trangformation
producis encountered during this work wos carried out as
préviously describeds Preparabive thin-layer chromatographic
analysis vging silica gel GH254 cnd stondard equipnent was

usede

Cultivation of the organismss

50 ml, Of medium To. 1 (Table 5, page TL)were digpensed
in each of 250 ml. Erlenmeyer flaskss The flasks werc
gterilised, inoculcted with the test fungus and incubeted at
2800, After 48 hours, 25 nge OF progesterone dimssolved in
i mle ethanol were sdded to each flusk and the fermentation

was ocontinued for another 48 hourses




§§§rgdtid§!

At the end of the fermentatlon period, the contenis of
cach flask (medium + mycelium), were homogenlzed with 150 ml,
chloroform, and the combined chloroform extracts of each
organism were washed separately with half its volume water,
dried over anhydrous sodium sulphate, filtered and then distilled
to glve gemiesollid residue, The crude transformation mixture of.
eaoh orgonlsm wasg raliged to constant volume and fractionated
using preparctive thin-lgyer techniqug and the'following solvent

gystem as & mobile phases cyclohexanet aocetoncs chloroform

(758 408 40 4 Ve/Ve/Vi)

The results in Table (4) revsl that C. schinulgbg
(isolate No, 77) was the most active test isolaxe. The residual

progesteroné wag the least in iis presencey combined with the
highest production of 1l X =and 17 A «hydroxyprogesterone
gnd 11 X ,17 & -dihydrox,v‘progesterone.

This orgonism wos, thus, selected for fubthor experiments;
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Table (4): Concentration of residual progester

one and the

difTerent transformation products yielded by

the test isolates,

=25==«“’:-‘===‘-===ﬂ===:=2:===".:-'========'-=.==$===ﬂ===================3====
Organisms
| ]
SN .
Prangformation products 'E a @ Y
mg /100 mg added a o g . B
wt el -~ 'gl o § O
progesterone, O~ i =
- » - - e~
o o w - t~ of
weld ] i o I
% é‘ ! 'j ';3 . -I-o-" .
: i % cl| @ o
® » 0)‘ » ~— = =
~ B » N o ,
doy S| & o o] 3 ®
~ N ~ P L e
gi ~— ot £ el o] @ S fas ]
| Q Q al~ | .~
Qp P . [} ™ s O [ | B
g2 QE »E—\éz &l A é‘f_’.
Regidual progesterone. 34,2 | 37¢3 |40.5 |22.7 32,8
116X -Hydroxyprogesterone, 14.3 | 8¢2 | 8¢5 |20.2 11242
118 =Hy droxyprogesterones - 4e2 - - 5e2
17 g¢-Hydroxyprogesterone. 12.4 | Te4 110.8 {375 Ted
21 -Hydroxyprogesterone. 7e6 {138 {117 - 6e
.llwx,Gp-Dihydroxyprogesterone. - - - - 6.0
lle,17D(-Dihydroxyprogesterone. 9,2 6.3 (0.5 jr2.3 9,2
11 ,2l-Dihydroxyprogesterone. 6.8 [traces [traces| -~ 6.8
llo(,l7o<,2}4rﬂwdramnnogeskm@ne;,512;4 8,2 R4.2 - 9,3
(epicortisol).
11p,17¢3ZLTrihydroxyprogesterone. - 9.7 - - -
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Dm Leirge Scdle Production of 17 04z ydroxyprogesterone
ggigg;gunninghamellg.gchinulatgt Igolate Mo, T7e

1- Selection of the formentation medium

The experimental organism was cultivated in a 2-litre
Earlenneyexr flasks,'each contained 500 ml of the medium, Six
types of media of different compositions were employed
(Table, 5)s The pH of the medium was adjusted to 5.5 « The
data presented in Teble (6), clearly show thatb there was
o noticesble differenoe in the concentration of each trans=~
formation product with the different fermentation mediea.

Medium 6 which contalned glucose;~staroh and corn=steep liguor
proved o be the most sultable for the production of 17X =
hydroxyprogesterone, only 24 % o the added progesterone
remained unchanged and 30 % of progesterone were transformed %o
17 X =hydroxyprogesteroncs Medium 1 and 4 were less conducive to
l?;*fdhydroxylation than medium 6 (30 % and 26 % of progest-
exrone were transiormed to0 L7 =hydroxyprogesterone respect=

ively)e Medium 2,3 and 5 were inferior to the previous media.




Table (5). Compositlon of the aifferent modia (gm/litre).

= .-‘:‘:lﬂ““ﬂﬂﬂﬂ“.ﬂ-“ﬂﬂﬁﬁﬂ::ﬂﬂﬂ====ﬂ=3====ﬂﬂ'-‘8=Bﬁ-"‘-

muma::s:zmsm

Medla -f

G’onst‘ituents' ~ : - ; -t
. e il W 3 t 4 5 * 6
Glucose w0 |20 120 J20 | - 20 |
extrin - {20 -1 - - - i
ydrol - - 20 - - i
Starch S T T B 20 |
Molasses - - -} - 100%™ - 5
Peptone 1.0 | 540 | 5.0} 5.0 1 = -
Cornesteep Liquor{solid) ~ - ] - - T+0 T40 "
Yonst extraot 1,0 | = - - - -

Asperaglne OuT - - - - -

Mgso4.7320.' 1.0 | 1.0 ] 1.0} 140 | 1.0 1.0

KE,20, 0uT | 0u7 | 0T} Qo7 | 0d7 0e7
' - iusas-*===-=u==-n=&======-==§=a-u

= s=s=s=:nunu=u===¢======m==m-

% The medium formulated by capek &b ghe (1964}

ox 100 gn equivelent t0 44s5

zm of glusosee




Table(6). Assay of the aifferent trangformation products
obtained after 48 hours of adding proveSuerone to different
rormentation nedius oultivated by - Cs cchinulata (isolate
No. T7)e

=:8========5==ﬂ=#=='—‘8=ﬂ==3======g==r====."z=======T-=3=5==I=ﬂ‘-"—‘:ﬂ::::::ﬁ:tﬂ * 2 r=

hransformation products t Nediae %
| (nzef owiture)® | : 2 R c |
e ereaaes —— S N ‘ . ‘L ;
l'Residual'progesterone ‘140.2 250.4- 275 j 180427 300, 120 %
17 (~Hydroxyprogesterone |J.50 6I 90, 6 80,7 130.8 152 ‘180 21
ill.(-Hydxoxypropesteronc ‘132.3 l$l.3. lOl.q 105.2 503LL09 3¥
]llu(?l'.'?o( wD@arowprogesterone i 70.3 55.2‘ 31.2: \30.61\ 61.4'}‘

1

% the values in this work are the arithmetical means of griplicate

anelysis.




