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Il. IITRODUCTIOL
the nutritional requirements for pigment production in Serratia

narcescens .aave lJeen investigated b a number of workers. lefferan

(1903 a,d) listed various media emploved co promote pitment production

[oR
8]

a varlet) oI acteria, Including Serratia. untz (1900) found that
RMaznesium, suifate, ammonia and a carbon source were necessar: for pie
@ent production. Samiow (1903) verified this requirement of magnesium,
ot oni; Zor pimentation, but also for optimum jrowth. Lortels (1927)
made an extensive studs of the various metals needed foxr Sijent groduce
tion .n microcizanisms and found that iron and majnesium were lmportanc

Zor zrowtit and pigment production 5 - 3erratia. The requirement Jor
) < o -

~ron was verified 1 Warinj and Weriman (1943). unting (1542),

949), and Labrum and 3Sunting (1953) scudied the affects

[o=3

Sunting et al (
of varZous amino acids and Luiffer systems with particular reference :to

Cleir ability to induce pigment production in 3erratia marcescens.

faey Zound that media supplemented with peptone or other acino acids
induced pigmentation while aizh levels of phosphnate inhibited pigmenta-
tion. The influence of amino acids was verified vy Weinbery (1951);
Linnane and Stili (1953) found chat unsaturated fatty acids stimulated
pigmentation. JAntibiotics (Weinberg, 1951; Weil, 1952) and other com-
pounds upon pigment production (Poe and Hawkins, 1943, 19532; Sequet,
1948, 1352) were found to inhibit pigment production in this bacterium.
Chemical analvses of the pigment were carried out by Wrede and ais
co=-woriers (1929 through 1934) upon an extracted pigment obtained bv

the dizestion of the cells in sodium hydroxide. These workers found




3=
that tine pigment had the empirical formula of C20ilg250:!3 and proposed
that its structure was that of a tripyrr;lmethene as follows:

Ciiz(Ciig)y OCtl4

h \—J

Raudnitz (1933), woriing concurrently with Wrede and 1is co=-woriers,

agreed wita the ctriprrrole configuration of che pigment but felt that
tae distribution of the side ;roups should te located differentl: as

follows:

|

cadt

Studies on the isolation and characterization of the ;iiments of

Serratia marcescens itave been made > Ehrismann and lioethling (1936)

and tiey published spectral curves of the isolated pigment. Jeiss
(1549) extracted the pigment with butrl alcohol and caromatographed
the resultant extracts on celite coiummns. Ile published several spectral
curves of the isolated pigment fractions, but, due to incomplete separa-
tion of the pigment components from other contaminants, ais curves did
not show tie characteristic sharp maxima.

A study of the biosymthesis of the pigment was made by Hubbard and

Rimington (1930) using w12 and cl% labeled glvcine and cl4-acetate.



lim
These woriers demonstrated that in the newly formed prodigiosin the
distribution orf ;lycine and acetate was similar to the distribution of
isotopes ln porpiyrins formed by duck erythrocytes as shown bty Witten-
ver; and Shemin (1950) and Shemin et al (1955). ‘'ubbard and Rimingzton
(1950) compared the spectra of the extracted pisment with a synthetic
trip;rrole mechane, and they concluded that the structural formula as
siven 5y “lrede and loctinaas (1934) was correct. They also assumed that
the isolated pigment represented a single component.

Zarlier work on the pigment by Samitow (L903) suzsested that it con-

\O

27
-

calned metais. Sovtels (1927) attributed :his Linding to contamination
of the pigzment during the extraction process. The nature cf the metal-
pilzuent comblination has not veen investiated since rthat zime and re=-
mains to ce elucidated.

The study of bacterial metabolism has Leen especiall:s useful Ia
establishing bios:mthetic pathwayrs for amino acids (licElro: and Glass,
1953), nucleic acids, and cthe utilizatiom of a Large variet:” of com=
pounds (Fisher, 1952; Qoberts et al, 1953) such as che various susars
and otner natural metabolites. 3acteria are especialir useful in
studies in pizment Ciosynthesis, since tiaer possess few of the side
Teactions which occur In aigher orjanisms. Ultraviclec mutants lacking
some part of a sequential series of enz;matic reactions, such as walte,
oranze, and other mutants produced in Serratia (lizk, 1954) are use-
ful toois in the investigation of the biosimthetic sequences and at
present are being actively investigated as a study of the bios'mthesis
of prodigiosin. It is noteworthy that mutants produced by zamma irra-

diation of Serratia have not been used in such studies.



A5 one medas of studiin, che metabollc latcerns Lo alcrooy_anlsms
DAIrlLCu.LarL ) as lle. pertain o Liochcmical oecants,
aad doserolerion of radioactive puosphoru (£32) (Roberts and oberts,
1920; Cowie and Waltom, in press), culfur (335) (Lampen, et al, 1947;
locerts et al, 1933), and various carbon (C14) labeled compounds

(Rob

¢

rts et al, i953) have been studied in E. coli. Abelson, et al

4

(1552) scudied tie role of radioactive carbon dioxide (CL*OZ) in pro-

cein syntaesis in E. coli. licLean et al (1947 chrough 1953) studied

tae crffects of various amino acids, orzanic acids, nucleic acid derivi-

tives and other cowmpounds on che Lncorporation of radioactive carion

’

dioxnide (C+%0,) into Serratia sarcescens, and tiey Zound that che addi-

tion of most of tlhesec compounds to the medium resulted in a decreascd
~acorporation of CL402.

from tuae metavbollc point of view, che pigment of this organism is
of specilal interest since it is the onl; known naturall; occurring tri-
2. rrole compound. This pigment becomes especiall s siznificant in view

—

cr

of cne iypothesis of Turner (1940) and Shemin et ai (1933) chat a
p.rrrole is lntermediate in the Liosvnthesis of porphrrins wiilch are

tie precursors for anemozlobin and a number of the porpiiyTin enz mes.
Corwin (1936) demonstrated that tripirrole methanes can Je, and in some
cases are, .ntermediates In che formation of dipyrroles. This zay te
the mechanisa whered: tetrapyrroles are formed. The wori of Suemin et
al (1955) demonstrated that a succinate-glycine cyele is important in
this synthesis. The mechanism may be abbreviated in this manner:

succinate ¢ zlvcine --9¢ amino levulinic acid --$ monopyrrole

pr
prodiciosin €-- Criprrlolie €=¥% porplirin



TiIE PROCLEL.

o aspects of the Serratia marcescens orsanism have teen studied

and are reported in this thesis; (1) deals with the piLsment, prodizio=-
sin, and (2) is concerned with the metabolism of this bacterium.

<« Ihe nature of the constituents of prodigiosin and the changes
in pigzaentation ia various mutants produced >y zamma ray and ultrae-
violet radiation were investiated.

II. The overall metabolism of inorganic-P32 and C1402 D:r the wilde
t/pe and aucant organisms were investigated. The nature of the produccts
formed from these radioactive substrates were identified and their rela-
tive rate of formation, in respect to the jrowth curve of cae oranisos,

was studied.



III. METIODS

I. Mutant Production and Fizment Analysis.

A. Crowth and Isolatcion of hutants.

she orgzanism used in these scudies was Serratia marcescens, also

“nown as lac.iius orodiiosus (Berzey's ilanual, 1543), and Ciromobaccere

sum orodijiosus (Topie and Wilson, 13933). Se or_anism ls a small ram

Sejative sapropalicic socco=baclilus Jeasuriag
These orjanisms sroduce a Jeep red p._ment an certa.n sedia ac carpara-

2s oelow S3YC.,  [Tiis pigmenc .s cailad 2rodslosin (Wrede and lestelg,

1329), aiter the specles desijraclon =rodlilosus .

'

[0}
r
Al
©
[
(9}

wth and .solacion of normal and zucanc co.onizs, che
Zoilewin media werc emploced.  The Sedium, desi:mated minimal (SI2) is

the nedium of Labrum and sunting, (L942) and was made .p as follous:

slcerol -G.0 srams
Amqmenliaen cltrate z.C -
cagnesium sul fate J.:z
Scdium chicride 0.2
Ferric ammwonium citrate J.C:E
Potassiux shosphate

(dibasic) 0.3
Hacer 1JCC =i,

adiusted o pI 7.0 - T.i

The medium designated as corplate (SC.) ras tha sanme corposition
as tne above zedium wita the exception chat 1.0 jrams of -east axtr-
act and 2.0 :rams of casein ardrolrsate were added, ser Liter. Other
media used are desi:nated as SY. and Sii, and chey have che same compo-
sition as the St medium except that either ~east or casein hydrolvsate,

respectively, were added. To obtain a solid medium, 2 per cent agzar

was added. The terms minimal and complete refer to the carbon and



-3=

ailtrogen content of the medium. A minimal medium contains a limited
carbon and nitrogen source sufficient to permit the organisms to srow,
while a complete medium contains a wide variety of both carbon and
nitrogen. Other media used during the course of this work will be
described in the sections dealing with the metabolism of the orjzanism.

7iable counts of the organisms were obtained by growing the organ-
isms In one of the above mentioned media for a given period of time,
after which serial dilutions of the troth culture were made in sterila
sallire, and 0.2 al. aliquots were plated on pecrri dishes with minimal
agar. The plates were made by spreading the orzanisms evenlr over :he
surface of the agar with a tent ;lass rod which had been sterilized
vefore use. LIt was found that the addition of C.066 per cent methyl
red (lnaysi, 1951) to the medium aided in decreasing the zotility of
the organisms, thereby facilitating counting of the orjzanisms. owever,
when color mutants were zrown, this concentration of methyl red obscur-
ed the results and could not be used. [otal counts of the organisms
were made in a Petroff-ilausser bacterial counting chamber after the
addition of a dilute solution of crvstal violet to a saline suspension
of the organisms.,

To prepare mutants from the wild-type strain, a 10~3 dilution was
made from a twenty-four hour culture. Five milliliters of chis suspen=
sion were transferred to a small petri dish and were exposed to irradia-
tion by being placed 12 inches Zrom an ultraviolet light source for
periods of 13, 30, or 45 seconds. The suspensions were then plated on
agar plates and incubated for 24 to 48 hours at room temperature. All

of these procedures were carried out in a darkened room :to prevent



photo-reactivation of the organisms (Gates, 1931).

& 24 hour culture also was exposed to zamma radiation from a
radio-sodium (:ia22) source by placing a test tube containing a 10 =l.
suspension against a vial containing l.5 millicuries of a2, These
were placed in a lead pig for a period of 14 hours. At the end of this
exposure, the orzanisms were diluted a thousand fold with saline and
plated on toth minimal and complete agar media. Trom both the ultra-
violet treated and the jamma irradiatred cells, mutants were isolated
S sudculturing poorly stowing and differently colored colonies. The
mutants were classified by type-reactions in the various aedia as a
test for acid and .as production from various sugars, > the production
of acetyl mechyl carbinol (Voges Prosiiauer), by gram staining abilit,
and S morphological description (Topley and Wilsom, .953). Ausano-
sraphs were made on some of the orjanisms to determine whether pizment
biosynthesis could be affected oy various additives. This was accom-

1

plished by seeding an agar plate with the organisms to Se testaed, mark-
ing off the plate into sectors, and adding various supplements in minute
amounts to separate sectors. The effect on jrowth and pizmentation was
noted. The supplements used were amino acids, casein hydrolysate,

veast and liver extracts, nucleic acid derivitives and vitamins. The
minimal medium was also supplemented with various amino acids, vitamins,
nucleic acid intermediates and cofactors, singly and in various combin-
atioms, and the influence of these additives was observed on the forma-
tion of new colonies and on their pigmentation.

3. Pigment Extraction and Analyses.

Pigment from the organisms was extracted by different methods to



~10=-
determine the one ziving the best results. The first method used was
basicallr that of Wrede and ‘lettche (1929), using a0l to dizest the
organisms followed by petroleum ether extraction of the pigment. The
extraction method of “ubbard and Rimington (1950) was also tested but
it was discontinued because the acids used in this procedure altered
the mobility of the pizment during later chromatographic analysis. The
method of Weiss (1949), using a=bucyl alcohol, was also abandoned as it
axtracted many interfering substances and the resulting pizment con-
tained impuricies,

The foliowin: method was develoved for routine extractions of the
pilgment. The cells were washed from the surface of the azar with oini-
mal quantities of distilled water and the resultin suspension was then
aixed with about 10 voiumes of acetone and shaken overnizht in a mech-
anical shalter. The soluticn was then centrifuged and :the cell debris
was re-extracted with small quantities of acetone. The acetone extracts
were pooled and an 2qual volume of pecroleum ether was added. The Dlz=
dent was transferred to the petroleum ether phase and the acctone re-

distilled water. At the

rh

aoved S the addition of several volumes o
interface of the aqueous acetone and the petroleum ether the blue piz-
ment precipitated out. This pigment was -emoved and extracted with
chloroform. The petroleum ether and chloroform solutions were then
concentrated in vacuo at 30-40° C. The concentrated pizment was then
dissolved in chloroform and extracted three times with 3 per cent
aqueous ethylenediamine :etraacétate at a pd of 7.6 to .0 to remove

any di- and trivalent metals. A drv pigment was obtained from chloro-

form solution by evaporation of tne solvent.
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-octh ascerdin_ and descendins methods of paper chromato:rachr
were tested tc separate the piment into its wvarious components,  loy=-
ever, since the 21 ment decomposed on the paper Jdue o prolon,ed expo-
Sure to air and difficulty was experienced in obtaining reproducible
results, the method of Rappoport et al (1955) (Figure 1) was used for
pigment chromatographv. In this method (Figure L) two 1/4 inch slass
plates (i3 x 13 inches) were used, one of which has a 1/4 inch hole
drilled at its center. The material to be chromatographed was placed
in a ring about the center of a piece of Whacmann #3 MM paper (13 x i3
inches), permitted to dry, and placed between the two zlass plates. A
L0 ml. svringe barrel, containing a small amount of powdered paper to
retard solvent flow, was fitted tightly into the aole of the top plate.
About 200 pounds of lead brick were placed on the plates and the solv-
ent wvas added chrough the syringe. This method permitted use of vola-
tile solvents and there was no exposure of the material on the paper to
the atmosphere. The chromatograms developed quickl: since the solvent
ooved about 5 to 7 inches in 20 minutes.

Various solvent systems were tested for the separation of the pig-
ment components. Initially, they were separated by using a solvent
mixture consisting of 3C parts of heptane, 20 parts of n-butanol, and
2 parts of dichloroethane. To improve the separation of the pigment
components, this solution was diluted with two volumes of petroleun
ether (b.p. 30-50°C).

Various mixtures of ethyl ether and petroleum ether were also
tested but it was found necessary to treat the paper with ammonia fumes

after the pigment was spotted on the paper in order to effect proper
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separation of the various components.

For large scale separation of pigments, columns packed with hate
mann asiless powdered paper were used. The pigment was dissolved in a
small amount of chloroform and mixed with a small amount of the powder-
ed paper. The cihloroforu was then evaporated and che dry powder was
transferred tc the top of the column. Separation was accomplished by
the application of 20 to 30 ml. of 25 P2er cent ethanol to remove Zfact:
contaminants, followed 5y 35 per cent ethanol which eluted the main
portion oI ctiae red pient, and Zinally, the remaining red was separat-
2d ZIrom the Clue component with $5 2er cent etnanol., The column was
taen extruded and the Slue pilgment whicl remained at the Z0p oI the
column was removed from the powdered Paper witih chloroform.

The pisment components eluted from paper chromatoj:s weTe wel
ed and used to obtain standard curves relating optical deasit: to con-
centration of pisment. A time=-;rowth study was then initiated to deter=
=ine whether the pigments components varied with the aze oi tue organe
isms. The orjanisms were cultured for varying periods up co 34 davs.
The pigment was extracted, chromatographed, and the optical densit: for
the whole pigzuent, and cthe different fractions was determined at 335 =g,
A wet weight of the orzanisms was determined at each time-study and dr-
welzht determined by drviag the orzanisms to a constant weight at 60°C.
A viable count was also made on the culture during this growth study.

The Iractions obtained both by paper and column chromatograpi:r were
analysed in the ultraviolet, visible, and infrared spectra. Since the
plgment showed changes in color with changes in different aydrogen ion

concentrations, spectral curves were obtained in basic, acidic, and



neucral alcechol solutions. Infrared curves of the plzments were obtain-
ed through the curtes:y of Dr, Daniel Zdwards of the Jeterans llospital
(fiouston). A solution containing 3 per cent pigment in anhrdrous
chlecroform was prepared and the infrared spectrum wvas determined on a

double beam Periin-Zlmer recording spectrophotonetar.

Jor anal:;tical purposes, the pizment was further purifiied o

.

[¢]

preparing its ardrochloride salt. The pi_ment was dissolved in a small
anount of ani'drous Jdr petroleum etler and dry hydrochioric acid
“as passed tirou;h tiils solution D means of a capillar; zude, =ntil

£2e pogment precipltated as chie ardrochloride salt.  fais ora-

cipitace was recoverad oy centrifuiation and furties ouriiied - wash-~
inl several :imes with IZresh petroleum ethes. Initiali-os, -o dissolive
the blue plzment, Lt was znecessar o add a Zew drops of chloroform oo
the petroiecum ether. TFortions of zhe a-drociloride salss of the Dl=
sents were seat to [lufiman dAnal-tical Laboratories (vteatridze,
Colorado) Zor carbon, ardresem, aitrosen, cnioride, and molecular
welsnt determinations.

Chloride determinations were nade locally on tha hdrochloride

salts 5 a modification of the procedure of Schales and Schales (13%41).

The pizments were first dizested in 30 per cent avdrogzen peroxide and

“itrogzens were determined in this laboratory bv the method of a
and Zuazaga (1y42). This is a standard micro-Kjeldahl method using
selinium as a digestion catalyst. Pvridoxine hydrochloride was used
to checkk the accuracy of Loth the chloride and nitrogen techniques.

siolecular weight determinations were made by means of the Rast's



crl'oscopic mechod as outllned ia the text book b Shrinar (1930).
e determinations were accomplished 5. the use of camphor, alpha=-

Jrom camphor, and bromoform. uese methods were checked usin.

o fure

.

Jie o the presence of an ash from the 2izuents oot trzated wich

P

e¢th"lene diamine tetraacecic acid, a stud: was nade 2sing calcica (Ca™?)

E

and lron (Te”?) isotopes tc determine -hether or not thase metals were

-

CU ansstis vere sTowvn o on a thino ~dFCS 2 Tinlnar ortoch La che prgsencea

o tlie calcium and lron ~-Sotopes. The or,anisms were culsuraed fo- a3

Ferlod of I dars, after which tlze ther were aarvesced -
tlon and washed several zimes with discilled water., Tha o. men: was

<len extracted and anal--sed > zhe procedures sreviousil: descrlhed and

tie radio=calcium determined o counting with a C=!l zube. Similari-

zhe Zzond? containing piznent was isolated and counted i a deep-well

£

scintilatlion counter. Ihe pizments were =-hen ciiromatosrapied and
individual components were eluted and countad, to determine :he distr-ie
sution of the Zisotopea. ladicautcgrapas of the chromatoramns werc .-ade.
II. .etabolisz

A. Distribution of 2°2 and ‘uclaic Acid Composition.

“ie orzanisms were _rown at -oom temperatura (25°C) In a minimal
oroth in which the phosphorus concentration was reduced to 1 sram per
liter. Zhosphorus 32 (1.2 x 10° cpm) was added to 7C cc of this medium.
At the end of 24 hours, the cells were fractionated b the procedure on

the follcwing page (Schneider, 1945; Schmidt and Tannhauser, 1945 as

wodified 5y Xatchman and Ferty, 1355).



Z00-1000 =5 washed cells
ade to 1LC =l with 107 ZCA ac 29
Extzacted 3 times for . houcz.

Supernatarnc lesidue

(acid solublie) Washed once with absolure ethanol
1,

~n the cold; washed ctwice it
absolute erthanol at room

ey am

cure.
Scperniatant Zesidue
(Liporszoteins) Extrac: 3 times witzh I @i 3:1

alcorol-ether aiter heatin. ac
709C Zor 2 alnures.

Su;c:éa_an: lesidue

(Lizids) added 2 cc L I sauvll aad Lefz z:

toom temperature sverni k.

Vlashed zwice wich acetars Lulifar,
Sugerszniatanc “esldue

—-

LA nucleotides)

Added 3 =l 1 I IC1 and eatad a:c
1C0°C Zor I zinucas.
Centrifuzed.
Super!atant lesidue
(DA Irazzents) 2roteins)
Evaporated to iydroirsed Zor 1& houzns Ln Do
drimess. Diluted 1€l ac 10COC in vacue.
to 270 concentra-
ted in Cl0y.
meated in boilings
wvater bath . hour.
[ 4
Surices and Pyrimidines anino acids

The radiocactive phosphorus was determined ir the above Iractions

or means of a G-l tube. The ultravioler determination of the RIA nuclso-

ides

cr

and DiiA concentrations was made by the methed of Tsuboi (1950).

=

e solution was read in a 3eckman DU spectrophotometer at 260 2. The
P

extinction ccefficient for a 1 per cent solution of RYA is 210 and chat
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of DIA is 32C. The amount of material in the sample was determined 5
the Zollowing equation:

0.D. = 7 nucleic acid

where J.D. Is the optical densit:” at 26C =y of the unknown, and =, - 1is
che extinction coefficient of a 1 per cent solution.
The UL nucleotides were chromatographed direc:tl:r, while zhe DIA
was ndroirsed to free the bases sefore chromatojrapi (Mratc, L351).
it was Zcund that 20 to 3C zi. appliled ln twe applications along
@ Llne at tlhe corijin of tuae paper chromatosraplh, _ava zhe cest resolu=-
tlon of the Zree purine and prrimidine bDases. Descoending chromatorams

were devecloped on #2 [I! ‘hatman paper. Tor chromatozraphs of tha auclao-

ides, rivoaucleic acid (RUA), and che free Dases IZrom the deo:mrito-

[R1

1)
[
n
'
(]
=
(g]
[
(]
r
[o9

a-droissate, a solution was erplored which was composed of
a 9 per cent aqueocus isopropanol, adiusted to a final concentration
of 210 with respect co ICL (Wratt, 1i931).

Tollowing chromatograpay, the papers were dried and the spots
tocated - means of a short wave (260 ap) :l:raviolet light. The spots
were marked and subsequentl:r eluted overnight with (0.1 7 IICl. The
eluates were anal;sed b;" means of the Seckman DU spectrophotometar at

the wave length of maxioum absorption of the particular compound.
~eadinzs were also talien at 250, 260, 2380, and 290 = to test the puricy
of the eluted compound. Protein contamination would have been detacted
b a nigh absorbancy at these wave lengths (Visher, 1943).

The aclar ratios oi the compcunds were determined and compared to

those reported by Elson and Chargaff (19553).
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Z. C-*Oz sletabtolism

The zethod of fractionation described above was also used ia

1/,
studies concerned with C*70y incorporation 5 Serratia narcescens.

The media used in these studies were as Zollows:

a) Gl-cine ledium
Zl:cine
'U,Cl
NTTist Luffer
11580y,
K91 'POy,
Terric asmoniun c;::at-
Distilled water zo =alie 1000 =i

'
LD OOOMNWm

.
[GRVINVING N e N

tn

)
Q.

S

(
()
(g}
(9
.
or
(9]
'
)
1-

>) Acetate ledium
Sane as asove wizh

sTams oI acetate replacing shs slicina,

n

¢) dnimal ll-cerci lledium

ilicerol 2.0 s
Ammonium chleride .0
"Tris® buffer .0
-.5S80, J.3
X120, 2.05
FeSOL(“;,) SC, J.C07 ¢
illed vate- to mnake 1000 =l adjusted zc 211 7.4

d) & complete ;l:icerol zedium was drepared the same as zhe ;licarol

tinimal o

"t
|9

the addition of 0.1 :ram of casein aydrol:'sate and 0.2
Sran of zast extract.

The orjanisos were srown at room temperature (29°92) iz o duplicate

in 1000 =l. erlenme:er “lasiks Sitsad with Tubber stoppers, containing

1CC wi. cf medium (Fizure 2) The CL*CZ vas liberated in the Slasks 5
1" - - -

suspending a vial containing radioactive ZaC‘*O3 wiicn was decormposed

57 introducing lactic acid into the vial. This arrangement is shown in
Fizure 2. 4 second vial, containing a piece of foided filcter paper,

was suspended fIrom the rubber stopper for the collection of the excess

COp at the end of the experiment. After srowing the orzanisms for 24
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cours, che flasks were cooled and 0.3 cc of 2 0¥ ras injected into
the vial containing the folded paper to collect the residual carbon
dioxide. Sufilcient 007, TCA was added to the medium to sive a Zinal
concencrazion oL 10 per cent. The flasks were stored ia an ice Hox
overni, it o permit complete diffusion of zhe CC9 Lnto che colliecting
vial. The orzanisms wera larvested Ui centrifusation, washed with dise
tilled water and Zractionated as cutlined abova, Tha acld solotie come
soments ITom tle supernatant of che orsanisms _rown Lo =he wsialzal:

wedlun was Zurcher Zracclonated D oa 48 NOUT @XETACTLON Wil arhter oo

recover the or_anic ac.ds. The echer oxcract was -hen concenrcraced
and chromatographed for orjanic acid Sy che =ethod of loter:s, Cowie,

333) and loses (1323). Qladioautozrams were made fzom chase

dadioactivity of the varlous fractions was determined b councing
aliquots of the matarial under an uitra-thin window, jas Zlow =i tube
(.tciear). The CO02 collected in che alkali trap was precipitacad with
sarium acetate and plancheted on aluzinua discs for counciag.
4 time study was Lnitlated to ascertain the distribution of ta
ul409 in che varilcus components during jrowth. The points chosen were
i aour (lag prhase), + hours (Log phase), 5 aours (end of lo, shase) and
2% hours (growth plateau). The orzanisms were cultivated in =miaimal
slrcerol zedium in a culture Zlask similar to the one previousl:; des-
cribed (Figure 2). Jxrgen was supplied, d»r means of a iypodermic
needle Inserted into the rubber stopper, under slizht positive prassure.
The organisms were inoculated iato 300 =l. of the medium in 1000 al.

Erlenmeyer flasks which contained 0.13 =mg. of Naﬁcl403 (lxlO7 cp:).
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The Ilasis were then placed on a shaker for the allotced serlod o

th

time at room temperature (299C), after which the organisms were hare

vested and fractionated by the methods outlined above. In addicion,

the protein fraction in these studies was aydrolysed, and the amino acids

were ciaromatoyraphed on paper dr the use of che solvent =zixcures
a-butanol: acetic acid: water, &4:1:3 (Thompson, 193L) in che first
dimension and methanol: n=-butanol: diethylamine: wvater, LC:10:2:3
(llard:

955) in che second dimension. Ihe quanticy and che

)
e
n

gt ai,
specilfic accivicy of eachh amino ac.d was determined. The Llpoproteins
and peptides obtained in the alcohol solubtle fractrons were also ~rdro-
~ssed and chromatcgraphed on paper. Autoradiograms were ade from sach
oI the above chromatograms.

he amino acids concentrations were determinad accord.nj co cie
metiod of ..afatalin (1%43). The imino acids (proline and 2iscidine)

were analysed o) the mecthod of IZroil and leith (1933).
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L7. PRESULTS
L. [.UTAT FORCATIO. AMD IDE:TIFICATION OF STRAIS.

Several mutants were obtained from irradiation of che wild-t:pe
organisms. .any of cthese were unstaole and reverted to the wiid-trpe
strain., Stable nutants whicna did not revert spontaneousl: to the
wild-type even after repeated subculturings are listed a Table I.

it wvas lound chat :;rowing one of the oranje Ducants next =c one
Sf the white Zutancs caused che adge of the white colon, adjacent o
tle orange to turn fed. Jhe degree of induced pLghentacion in cae wilce
colon: was Jdependent on tie proximity of the two colonies and che

rensgth of cime ther were permitted to _,row togecher. Ihis soel

ol
3]
©
sl
9]
5]

aas seen designated as 'syntropuic pismentacion’, (Lederder;, 1343)

wialch su;zests that one deficient orgzanism is supplied an 2ssential

autrient oy another strain jrowing near i, Subsequent suocuituring
of cthe red organisms, obtained b induccion from tie orange Dnutancs as
described above, resulcted in srowth of tle origsinal white coionies.
inis puenomena is illustrated in Figure 3. This reaction is strain
specific. Althoujh several orange vari@nts would Zaduce oigmencation
in the whice varients, when both were produced from cthe parent lima

strain of Serratia mzarcescens, these same orange variencs would not

react with white varients produced from three other strains of S. =mar-
cescens, 3, iy, or liim. The parent red .ima strain does not have che
ability to induce pigmentation in white varients. A similar phenomenon

has since been reported by Rizki (1954). All attempts to isolate the

factor(s) responsibie Zor the induction of the red pigment in the white



-utant
L. oranze

Table I

isolated Stable :utants of Serratia marcescens

.rradiation
zama

'aZ‘

2., oranse Ceva
3. '.h’.ite Y v"o
L, wialce BPRA
2. ellow Tade
5. strige <ol
.. Tose Ceia
. <SJsowm Je il

iesults

3C seconds

Zron _iochemical Tests on

Characteristics
srows well on both minimal and com=-
plete mediunm,

127

cellow hue on yeast medium, piak
2dse on casein adrol rsate medium,

White on all media. Fed - orange
strains.

srows well on all =edia.

sives white, red and splotcued colon-
~es on compiete mediulm,

Touzh colonyr=srows

TEALUDl.

p00rl:s on oinimax

srous soorl: on SiId
-es on cooplece

Darii Lrowm colon-

nadium,

Tavlie 2

-
-ast
—

zzT staln
.orphclioz
toclity
Zlucose
actose
Sucrose
rlannitol
.altose
.ieth:'l led

(Zaxma)Orane

jTam negative

Vozes 2ros..auer

Indole
sitraca
Starca
rease
zelatin
Cicrate
Qdiezler's

Litmus wilx

Wildecg-me zzd

3
JTam nezativa

_ram nejative

2.57- Short Zod w/chains same same

+ + +
acld=_as acid _as acid zas
acid acid acid
acid acid acid

+ + -

- + +

z T Py

nd + +
+ 1o pelil:l + no pellicle + no pelilicie

+ + -
acid=ll0 acid=:0 128 acid=.0 I8

acid peptidization

acid peptidization acid peptidi=-
Zzation.
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mutant were unsuccessful.

The orzanisms were tested by Cram staining and were chen examined
dicroscoplicall;” o determine whether they were all of the Jenus, Serra-
Zia. ALl the zutants proved teo be very similar co the parent organisms,
althougsh theyr differed in pigmentation. Since the white and the orange
qutants had displayed an interesting relatienship in pigment formacion
(syntrophic pigmencatlon), cheir o rpholosy and Liochaaical -eaccions
vere examined in more detail (Topie:r and Wilsonm, 1553). These soesulcs

arz summarlzed Lo Tacle 2. Ther wer: found vo De identcica. co =

stuad; demonstrated that there was ver:s llictle difference Lecween zhe

=

total and the viatle councs in the three strains. Jrjzanisms jrown ac
279 ¢ zad a slightly nigher final concentration of cells at 24 ourss and
reacled the maximum eariier than those _rown at 30° C. It was noted
that chese orzanisms will pigment onl: zelow 35° < as repor:ed 27 yon
Zisler and Portheim {1914) and Giolitti (194%). The whica zutant con=-
sistentls showed a lower growth rate than the pigmentad orzanisms
(Figure 4).

Supplementing the media with various amino acids, zucleic acid
derivitives, vitamins, and cofactors, either singly or in combination,
nad no effect on the pizmentation of the mutant organisms.

Samples of the isolated pigments were sent to Huffman Analrtical
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Laboratozles (Wheatridge, Colorado) for carbon, hydrezen, aicrosen, and
molecular weijht analrsis. The analvsis from the uffman lLaboratory
i{ndicated a lar_ e amount of ash ia che isolated pigments. Counsequent=-
Ly, all pizments used for analvtical work were first washed thorou;hly
with ethrlenedianine tecraacetic acid to -emove any uetals which aight
e retained 5 che pigment. The thiocyanate test was used as a criteria
for the avsence of lron, and ashing a portion of che pijment in a plat=-
finum crucilble was used as a test for the absence of Qeavy mecals. A
spectral analysis Ly Dr. J. Rae of tiae Shell Development Coupan;
(liouston, Zexas) confirmed the arpothesis that =zan amecals were present
initiall: in the acetone extracted pigment, with caiciuvm, ilron, and ma;-

nesium as tihe major contaminents.

LI, FPIGIEIT AJALYSIS.

A. Chromatograph:”

In an attempt to characterize the nature of the pizments ia che zed
and orange orzanisms, the pigment was extracted with acerone and anal: -
sed chromatographicall; and spectrophotometricall-:.

Chromatograpi:- by the ascending, descendingz, and the plate 3lass
metnod of lappoport, et al (1955) save similar resulcs. Since it was
difficult o maintain a saturated atmosphere with volatile solvents in
the ordinary chromatographic chamber, it was found expedient to use the
plate ;lass method throughout these investizations. The starred appear-
ance of the slow moving components (Figure 5) seemed to be due to an une
equal distribution of the weight on the glass. A number of solvent

systems were developed to effect the type of separation necessary for
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the anal:'sis. A chromatogram of the whole pisment with an ether=-
petroieum ether solvent (1:2) is shown in Figure 5. Ihe pigment scpara=-

ted into a blue band with an Rf. of 0.13; two red bands, Rf. C.43, and

Py

2£. 0.70; and an orange bDand at Rf. 0.29. The presence of morz than
one band was surprising in view cf the fact that the work of Wrede and
Jdettcne (1929), as well as that of (lubbard and Rimington (1950) indica-
ted that the pizment was a single substance and was so stated b the
-acter woriiers. & neptane-petroleum ether solvent (1:2) allowed the
separation oi the ced pigmencs from che blue fraction, as 1s saown Lo

Flsure J.  Suvsequent elutlon and re-chromatograpil:” of cie red and

sl

—_

tlue vands of Tiure ¢ establlshed chat the red was distianccl: sepa=-
rated from the Llue and that the -lue component was not 2 decosposi=
tion product of the orizinal red pigment, since no tlue component

occurred in the re-chromatographed -ed pizment. These re-chromato;ra-

phed red and blue fractions are shown in Fisures

Y
3
A.
C
r
-
C.
[
2}
[1]

shows that the red components are separated from the bLlue pigment,
and tiis chromatosram also illuscrates that the components present

in the first chromatograph (Figure 3), exclusive of che blue, can de
obtained from the isolated red pigment., These pigments were Zound to
be very light sensitive. Prolonged manipulation of the oranze and
the minor red components in Light caused d@struction of these com-
pounds rapidl:r. The main red component at RE. 0.70 was more stable,
while the blue component decomposed only after prolonged exposure to
1izht. The light-sensitivity of the orange Rf. 0.39 and ‘minor™ red
components (Rf. 0.483) precluded attempts to collect sufficient

quantities of these fractions for more detailed study.
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The piment extractaed 7ith acetone from the oranje mutant was
analsed = paper chromatosraphy and gave a chromatozran as shown in
Fisure 9. The amount of pizment extracted from the oranje =mutant when
compared to the pijment ottained from the wild=-trpe (red) orzanism

(based on cell weijnt) was in ratio of 1 0 4.

Since the pizments of Serratia marcescens characteristicall: res-

pond to different pll rangzes, (i ‘efferan, 1903, Zequet, cthe Lsol-

}ee
O
[RS)
N
~s’
-

ated componencs from <the wild-c:pe and mutant pi-ment were -asced with

acid and ailaline sclutions and the observed color chanzes are =abulat-

Pisments extracted from the oranie mutant and che wild=-tipe (parenc
ced) and pizments obtained by stowing the orange and white ceiis :o_e-
ther (labeled "fed), as well as an extract of the white strain, wera
'1«

caromatographed 5xr placing the siumencs in different sectors of a

circiz around the center of zhe saper. Th

()
H
W
0
[
)
t
b
2]

5 chromatogram s
Tilguve :C Tigure 10 Indicates that nome of the Digments were
present Ia tie white or_amism. It will De aotad that the dand near

the origin of the ‘fed™ orjanisms 1ad an iacermediate 2, value becvwaoan
the cliue of thie wild=tipe and =he crange plgment from iie oran
Autant.  Sussequent 2lution and spectral analses of thls sand (Tigure
11) escablished that it comsisted of a aixture of boch taa Siue ( a

243 mp peak) and the ovange pigmencts, (a 3CO0 = peak). This 1s avidenc

And ~— e
N

waen Tigures LZa and 14 are compared.

. Tluorescence.

all of the pigments were examined under ultraviolet Light to check




Table 3

The Effect of pii on Pigments of Serratia

Pigment or

Color in

Color in

Properties

components acid solution |basic solution
Wild=-type red TJiolet Brownisa Blue component unstabe-
vellow le in alkali;red stable
Slue fraction 2lue black Muddy Unstable in alkali
brown
Red fraction Wine red Yellow Stable at any pil
RE. 0.70
Orange fraction Rose Light Stable at any pk
Rf. 0.39 vellow
Mutant orange Rose Light Unstable in alkali
pigment 7ellow
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siuorescéence.  mlpt e oranze cemponent froxz the wild=trpe and from
tae orance swmlant amnlilited any Zluorescenca.  Some Sluorascence was

acezate (ersene) which removed moetal components.
2. SpectrogaocomenIi.

-

¢ whole piguent of che wild-tipe scrain and its .adiwvidual come

ponents wWere anall'sed spectrogaotometTicall s Lo ozhe slcrzav lolar, visll
te, and tlie lnira red re_loms. The curve oscainad Ior the acetonc
2LTacT oL tiie Wwiwcle I ment ve a simolar curve (Tljuze 122) o ke
St pus..saed o lablara and Jiloinjren (L92Q) oy srodisiosiz.  In

Jlgare l2a he sarilasons Ln tle atsorpclion speczTuxm 9Z Tz hole so -
Zent waen dissolvaed In alconlcile, aecid, aeuzral, and sasic solutions
T2 shown., latle + shows cthe mariza and =iziza aoscrptlons oI ziils

Fisment as comparaed o chac reportad i lubbard and .izin_ton (123Q).

<
]

- 1s notewortlh that a distinct shoulder on the acid curve (Tijure

(W1}

~2a) occurraed at about 300 zm.. This shoulder was actributed -

Zactard and Mdminston o an anlomic form of the pigsment in the acid

sorutloun. The present results de not confirm chis viaw.

=S a piot oI the spectral curves o the orange component in aclg,

hH

case, and nevtral sclutions. The maxioum abscrption of this component
~n acld solution is at 300 =.. The rad component, as shown in
~32, zad no shoulder at this wavelenzzk. This mar e caken as zcod
evidence tlat tiie crange compenent s respousible Zor ke shoulder
seen In e waecle pigment at 30C =.. The various spectral curves for
the tlue component are shown in Figure 13a. lecombination of the

various fractions raesulted in an absorption curve indistinzuishatie

L
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Table 4

Comparison of Spectral Properties of Prodigiosin

Points Data from
fubbard and Rimington (1950) This investigation

for comparison in mu in ou
Acid curve:

naxima 340, 276G 335, 275

2iniza %25, 335, 245 +20, 330, 260
Alkaline curve

aaxima +70, 270 470, 27s

Tinima 380, 250 330, 260
Isosbestic point 495 495
0.D. ratio of 2.5 2.4

acid maximumnm
to alkaline
maxioum
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sed. . comparisoa of zae atsorpiion curves of zliese SOIPONSNIS SL0WS
that chel are similar in san’ Caspecis, wailch su,jeszs a zeflnice
structural relaclonsiily secween shem. ..owever, some diifzrencas can
2e sceen and tiaese differences are addiciva. That Is o sa, waen a
2ea.l .1 alsoIprion Sunve apgears in zitiss of e Zraczions aund nct

-0 tie other, tils geax Ls ov.deat aiso in the whola pl_zmen:.

0.
tr
O

13 shows tiue atsorpiion cuzve of -he orange matant pizaent compara

tle assorpcoion curve oF :tie whole p=zent Oof fhe wild=t:pa straiz., lere

aga-n a close Talationsiipy is sussestad b che sizilas shape of the ctwo
<C fuztlher purilii cle pizments, tie were converted to chels
“rdrochloride salts and varicus analrses were made on zhis purified

Dacerial. The chloride, molecular weizat, zelting points and nizrosen
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content were determined. Thase values ave listed ia [able =, Samples
cf the ardrochloride salts of the pisment were sent to wffman snal -
tical Laboratcries (Wheatridie, Colorado) for an element anal:sis,
The valuecs reporrad b the uffman laboratories asreed well, 1n aost
nstances, witl. tlose obtained in this lasoratory (Table 3).

he prosence of lron and calecium in ghe pLzment samples sujgested
a possivle chemical coubination bLecween che pizment and chese netcals.
o test Zor amy’ chelatin; properties nleren: :n che pLisments, oxperi=-
@ents were made uwtilicing radiocactive calczun (Caii) and Lron (Feij).
<€ oI anisns vere Lrown Lo th2 presence ofF eaclt of tohase ~sotopes
separatel;, antil ciie anoun:z of Slue and red 2L ments werc approximatel:”
equal L weil at. At thls time tne Piznents were entracted, fraction-
atec and tlhe radioactiviz: of the iLntact cells and Jisment components
ermined. The results of these experizments are saown in Tabla 4.

Zitraction of tire white organisms ov identical procedures did not

c~eld an;” radioactivic:. This fact was taken as an indication that
the resulting radicactivit: in the pizment was not due to simple adsorp-
tion. Tavle : shows that the blue fraction aad jreater cnelat

—
dioy

o

sroperties, cased on the specific activit: fouad in these iraccloaus,
than the red components. Also, the iron was concentrated in che Siz=
zent fraction of the orzanisms co a muca sreater axtent taan ia tae
cellular debris fraction. This, 2owever, was not true of calcium re-
teation in the wild-t;pe orzanisms. In che orange mutant tae pigzment
incorporated more of both of the isotopes than did the cellular debris.
A radioautograpir of the wild-type pigment containing either iron (Fesg)

o~

or calcium (Ca%2) is shown in Figure 17.



Table 5

Analysis of Pigments

Red fraction| blue component Orange mutant
A A %
1
Carbon 64.32 cl.18 56.61
L
Hydrogen 3.00 3.29 7.94
2
Nitrogen® 3.96 J.79 3. 048
1,2
Chloride+ 7.92 +.70 O.1&
L
Residue 2.25 7.05 5.39
1,2
Molecular Weighté 460 775 360
2
Melting Point ©°C 110-115 Decomposes 160-170

*

Determined by Kjeldahl analrsis (Ma and Zuazaga, 1942)

¢ Determined by Rast's (Shriner, 1948) cryoscopic method.

+ Determined by modification of method by Schales and Schales (1941).

1 Determined by Huffman Analytical Laboratories (Wheatridge, Colorado).

2 Determined in this study.
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ladioaute ram of the pigment from wild-t:pe 3erratia

aarcescens ;rown L cae presence of eitier Lrzon (Fe77) oz

alcluin (Ca™) co suow the rselative discrilution of he

lsotopes Lt thwe pigment Iractions. Chromatojrans were sun

Ilrsc Ln ztheripetroleum other L:l (el Tijure I) Zollowed
0 accrone:petroreun ether L:l whilch accounts Zor le

sccondary” ring of lue pijaent.
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Distribution of Ca*? and Fe?? in Serratia

-

Table 6

sliarcescens

Fraction deigic Specific Activit.* %103
(az) Iron Calcium

farent strain cel.s PECES TN L.5¢ 2.2
Entire red pigment N, ook e
3lue component Sel- 2.2 el
Red component N AP .ol
Orange mutant cells 74000 “e 7 LW2l
Orange pizment DI 22,0 22.-

N PO
~ile JGdLUIN.

dee e GQULUGL




When che wild-tvpe strain was srown for prolonged periods there
Was a maried increase in color, 2ence, it was of some interest =o
determine the nature of the various pigment components wiiich accumula-
ted wici time. > means of a spectropnotometric anal:isis of the isola-
ted pizment components, the variation in pijment concentration with
Jrowt: of the organisas was studied. e quantity of or,anisas was

determined on the 2asis of weisat. The isolated i ment was chromato-

(6]
[

srapihed and the amount 2aca component was determiaed spoctropiiotone=

cricali; L comparison to a standard absorption cuirve (Tigure L3). The

crelatlon tecween the whole piguent accumulation and tae accumulation of
the ILndividual clue and ved fraccions Lis siown in Jigure 12, The rola-
tive acsorption oI the two components at their mascizus wave len
(348 my-) and cae absorption of tie whoie p-sment are siown .an Tigure
20. it ma; be seea chat che iight absorption of cie red piiment was
mucl jreater chan that of tae tlue pizment. This relationsiip can also
e observed o referring to the absorption spectra of equimolar concen-
trations of tiie various pigment fraccions shown eariier (Tigure 13a and
Z).

The dlue pigment appeared later in the srowth sequence than did
the red pijment, tut it soon axceeded the red pigment in quantic:,
ceaching a plateau at about & co 10 dars and remaining relativel: con-
stant Zor at least 34 dars. The viable count and the total weisht of

organisms Zor tiuls period of stud. are presented in Figure 21.

III. (ETACOLIC STUDIES O SERRATIA STRAINS.

4. Fhosphorus Incorporation and ucleic Acids.
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Figure lo. Standard curves of che red and Slue couponencs of
prodijlosin in acid alcolol solucion.
——X——¥— _lue component

——O6—0—2ed component
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20.

deizhc ol whole pizment, the red compoitent and tie

component plotted against time of accumulation -a

Zpe Serratila mascescens,

—¥——K—"Thole pi_ment
- =0-~ 0O- Red component

—-V—--V— Clue corpenent

~elatlon oI 1i;:t absorbance of he wole Diment

4
L
+—
[
(¢

sed compenent and the Dlue component ploctaed asainst

cizme oI accumulacion.

Curve desijnations same as Tijure 19,
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2iot or viable count of orjanism Lo toe zedium as coopar-

TR
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Sinct facioozias &id noc germic Zurtlhier detallad

-

(30

oI the .soiated pizments, i scud of

the prootiem oI p.mentation In 3erracia was switclaed o an Love tl_.a-

tom oI clie Zectacollsm of zle organisms, Lo order o

O 0T Iless wWere measuradle =etabollc differances -n zae Or anisss

~

Wwalch a:ht accounc Zoo tae difference .o pizmentaczlon.  Thlis seemed
sar.cularly Loporiant, since n0 si'scematic m=ecatolLc scod. tas seen

PR D TAe QYmcmmme s o Dy - e S ip o aen - - . - e O S,
JEp0TT3C ICT oglTacla. SUC.L anl Lhvesi.o_acion was necassalsl .o crdar
=C <E8SCTLoe 02 1daiull and SCoOg2@ 2I D@IasOLLC LNIarIonT2U5.9TS Lo
L8 JT_an.szT.
el oAt N mmem TN ea @ An A i pemes v et seeTa mie mem o
mrmcadaay 208200 0ULS o &S Lsac Do oLatenmine asIags T ono:
A «all2T7z2nCces Lo aoe Z0STNCIUS 8Ta00..3T 2D o ZoTe
S$I7a.1s 0oL oI en.sas. -8 JT235L.CS 22 T.8Se 3IuWles ars2 fresanizd Lo
ST A - [P eyl - e wn - - . ST 4 e aen - e T .-
-&as.< & and o, Alea8 S04g SU@L . JLILglenCc3s VL_oL o

eiper.ments Lnalcaced :

at these diffevoncas wara oL 5L

S Ivacciom oI e Ailia onganism was cosarmcaed zo ta consiscancls Lowe

.-

2T Zaan DA 1o the IWC strains scudisd., I zhia zddad rad.c-

GCT-ovLIlT, appron.zatal; Lol. was accoumsad for ln tlhase aiper.iuiencs.
Joe o otz diIfgrence motad alove Lo Il nmuclaic acil fraczion,

detallcel analrsaes o ziie LU and Dl4 were zZade 2o Jefarmina whathar

W&S 4 LLII@TSnCs LI T8 gmount oI 2-_Lfa2s oI zaess .o an,” oI o2

actig ., 300W Ixat o s.gniziceantc

guantitative cillsrence existed In zhe aucleic acids Tetweenx cthe vrarious

paralieled the rapid period of =multiplicazrion. The DA concentracion

remained rather coustant througaout the pexio
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Variation ol Per Coent Concentral ion® ol ducleic
Acidg Vith Tine dn Straing ol 5. warcescens
) i 1A
Hon 1 4 " 14 24 %O 70 1hé
Red 0,20 |3, 140,12 12.9400,15 2.0240,26 11, 040,20 F1.750001% 10,8940,037
Orange Ol {2.5000.20 12, /540,20 12,2510,30 235400006 1108700012 1L 76L0,12 0. 8440.040
thite 2.15 & 0,32 N.::Hc._u N.__.._..:.x; 2,1140,35 2.1540,20 _.:_,._..:.:: 2.0040,18 c.:up_..c.cx*o
D
ted 0,00 +0,009 (L0910, 000 10,1 540,015 |0, 190,020 10,1940, 070

0. 1640, 028

0. 1440, 014

0,16£0,009

gran;e

4+

0,054 0,010

0. 1040, 008

0,040,012

0,200,015

). 2040, 004

0.1710.022

0,1940.034

0.1840.017

hit e

0,074 0,009

0, 0040,0]0

0, 1010, 009

0,1 /710.015%

0. 1940, 020

0. 1440, 010

0. 1340, 012

0.1340,008

Basoed on wol

i It
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corpceration was Iound .n Dour eperizencs, dlIZarancas nocad cecw

s WiiT2, &Nd Qorange strains were conslildered ~sLjn.iZlcant.

these orzanisms rad a (rel's li:iric acid

cle, the zclid IZracilon was ilsoiated and anali'sed for di- and coi-
carcox;~ic acids. ({iztric, succinic, Zumaric, and malic acids were
-ocatad and -_dencified > paper cnromatograpir. & radioautograph was

-
«

c.en zade of tie resulting diromatogran. TFizure 22 shows tae
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radloatzograp: Ivox aper chromarosras o these .so.acad

(%]
r
g
-
o
fo
}
w

Srsanic acids.

1
- . - - - - ‘?

- Stuldl oI the lncorporationm of C Y9 IDLO tie nuclalc aclds was
ziso made. he lnizial concentratlon of the nucieic acid was detarmine

2d specirophocomecrricall:.  Chromaco,rams ware ¢

actlvitr and auclele acid componenrs. "he recoverlt was setcar zhan

@RS wWere councted and fae specliic activicr of che Individual fr2e sases
WaS JelelmoTied. L@ Sesulls 0 fnese anali'ses L5 fresencad Lo TaDie -,
Since tirer: 1s 1o coleor reajent Ior fhe locarion of :fhe sueleic acls

s~dml and a Tadloaulograg.s wer2 ade Zuoo

SuCh & curomatl;ram. hmis l1s suowm o

« sinilas scudy of the lZacosporation of C**Cz -7CO varlous ca2llie

tar Iractlons was carriad out duzing _rowt: of zhe JTzanlisms, :lhe

anal sis ein; made at 1, -, ., and 24 ours. Caocle _D JAVes fla ovare

W

-y

al:r dostricucion o

th

radicactivicy; in che various fractions. The acti-

vig;r -n e acid soiuble Zraction, which Is recoverad wish =-he Gedicm,

.
-

sicwed decreased <TT-activiir witlh cime, as did tle alcokol soiusle
fraction and lloor's lipid Iraction. The I fraccion 4id not

dec

"
1]
f
4]
19
]
177
o
[17]
0
.-.
a1}
}_I
(g}
W]
[p]
(3
14
<
'—l
[a)

iR - - S st K S
entll thie 2%ch hour of jrowth, while

fe protein and che DII4 fractioms concinued o increase in speciiic

1

cable 11 sives cthe

[a¥

activity chrouzhout che axperimencal period.
specific activity of XA and DIlA on the basis of the weizht of these
compounds individually.

in Figures 24 and 25 the specific activity of the free bases f-om



Taldle o

Iffect of Vavioovs Pedia on ﬁ_;:N Incorporation and Growuth
of Wild=Trpe S0 naveeseens in 24 Tome ol cares (100wl . medium)
Total 7 n::vN incorporated /, total CJN_:N incorporated iv orpanisms
tieditm Veight of Colly Aeid soln- Alecohol Lipida Mieleopratein
oroanism ble owdiam soluble
e I S o
Hinimal IRV T JO, 00y t 0 h,o2n 93,70
Glveinge oL/ RN 1%, 01 .64 u2.10
Acetate 1on,0 AR 2.2 2.0 3.2 9,20
Coumpltatoe hs L0 20,00 Hoan 22.20 1.36 /7,00
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1o

ompar i s ol orporat i i Tene (e
Comparison of GO Incorporation of Uitd=pe (Ped)

and Tuo Lutant Strains of Servatia wmarcescens

Grown 24 lours

100 1.

Piindnal

ledium

He. of Total 7, Incovporated S Total AL\_CN Incorporated Lnto Organisms 1A DHA

orcanisw | cells T Acid soTalhToe £ cohol Tiptlds RTIA DA ] Troteln Pu AT

nye. nediut soluble Ly GtHC
Red Y17.00 32,00 /.00 2,75 0,26 13,11 1.0 73.%0 .40 1 0.70
Orange | V14,00 30.65 /.74 2.74 0.31 14,02 1 2.22f1 50,60 1.3 ] 0.71
Whit.e 693,00 32.20 7090 R 0.22 Pho7a | 2,071 75,90 L.A3 1 071
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Total ¢lh 02 Incorporateds:

Hei bt of ovjanisng o5 142 o, 2,10 . 2.7% o,
I ’ ’
Acid soluble L7 w100 <0 240 % 100 a2 % 1o”
Alcohol soluble w 10! 2,060 10" 2.03 _ca w100
Bloorts 1ipids 3065 % 100 3,03 x 107 2,05 % 103 2.35 % 107
A 4.50 % 107 s 1w 100 [0 % 100
DiiA S.16 w100 2470 % 10" 2.7% x 10° 3.94 % 107
i I 1 n
Protcin vesidue 1.62 % 10’ 3.9 4.92 2 10° 5.98 % 107
specific Activity of Tucleic Acids as cpm per mg (dvy wt.)
. /
i 1,92 10" ha06 s 100 610 5 10" 5,606 x 10"
\ \
DitA 1,22 = Lo 2.00 1 10 4.75 x 100 5.60 % 107
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nucleic acids are plotted on the basis of unit carbon concent versus
time of jrowci:, It will be noted that the prrimidines, uracil and
crtosine contained a much higher specific activity tharn did the purines,
adenine, and juanine; aowever, the prrimidine, th:mine, had a rela=~
tivel: low specific activity.

Jiere is no free anino acid pool in these orjanisms. owever, the
alconol soluble fractlon "ielded several neptides which, althouzhh not
ldentiflied as such, were hrdroli'sed and che individual amino ac.lds
“dentifled. These amino aclids corresponded fo the amino acids wirtich

Uere secovered alter tdrolrrsis of the residual :retein from tha or -ane

isu. hese are listed in Table 12. 4 Iipical mager chromaco ,ram and

-ts corresponding autoradioram is shown 1n Fijure 2¢a and =. Fi-uras
27 and 20 shov the accumulation of radiocactivit s in che varlous amino
acids with time. It will Le noted that cthe accumulation of radio-
activit;” into the different amino acids corzesponded closei - with
their desree of metabolic relationship to the carboxylated ‘ntermedia-
tes of the Citric Acid Cycle. Lt will be noted that jlutamic acid and
aspartic acid, which are lmmediate interconversion compounds setween
the Citric acid Cycle and other amino acids, aad che highsst specific
activity at ome our, but the relatad amino acids quickiy surpassead
these in specific activity in the proceeding haours of incubation.

The relative amounts of the amino acids with respect to the total pro-
teln are presented in Table 12. These values can oal: be considered

approximate since the acid hydrolrsis would have destroved any labile

amino acids sucir as trptophane.
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amine Acid Cemposition of Protein

Anino Acid Per cent of Per cent carbon tiole=per cent
total protein of total protein O total protein

Crstine 250 0.39 3.:27

Citrulline o438 L.20 J2.91
Arzenine 2.5L5 3.35 2.3C
Sleramic 12,10 ~1.33 2.30
asparcic 223 .02 SV
.-sing ~.22 73 2.8
T.racuine 2.235 2.2 2..0
Lsoiouciac ST el S.J7
Srolinc Lel7 MR _.2C
..eCalonine 2.5 2,23 ~.3C
Leucine 22.40 22.03 JRCIES
Jaline 3.53 L.32 240
Gl:ciae 35.00 Ll.23 23.20
Serine o0 Sev7 2.3J0
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<. Pizoent and Pizmentation.
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-.any of the results will have tc await Itrther basic worl: sefore

a sound or at least adequate explanation

atleons can e drawva fzow the wori- walch

i1s available, but a few corrz-

N
2iCh tas Ceen done. 4 rapor: o
- . - - TS - © . cp— - - - = - P y - 3 -~
-.ercaant (15834) that jamma rcadiation was usafel in sterilizin; sclucions
T =T . ~eq 3 .y - -t ~er v < MR oy g e R -~ -y e—
-9% ©=Ssue culcure and the extensive literature on zha affacrs oF satma

2e 217 Tiis puccedurs, cither from acriwval wozipliing culoures (Lol
2hase) or Ivom tlose at she and of rheil acrive sTowsl. lalla counzs
-ndicaced that _amma radiation did nos il am of it2se orjanisms,
JTesumacl; becausce che tish wvelociz o7 zha Ja&mma Tart paermiis iz rTass

cilochemical tascs as outlined in Jergat

astaclisiied that the:- were o

rh

the senus

lonizations and consequance

-7 sterilization. Identitr of these owutants wras astatlished T -arious

s lianual (1248), and it -sas

Serracia,

The need for some biochemical intermediate in a strain of orzan-

isms which zormall:r do not Tequire :chis

>iochemical outant.

intermediats constirutes a

The chenomenon which has been called s;ntropaism (Lederbery;, 1550),

i.@., the supplring of some necessary metabolite to ome orzanism Cx

<4

another when the:” are cultured near or with each other, has Seen Ta2port-

ed In lleurospora (lloulahan and ldtcaell,

(

5

e

1947) and iz E. col
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-
~ 3 s ] = - DT T A ATy men e - = 3 N - I I ey R, -
er al, .747). 4 sizmilar zhenozmena was found in -wo oucancs Lo othils
— 2 N

study, waerelin the transmission of some faccor 327 The oran_z muczanc

4T 9T across a dial:i'sis memirane, causad cerzain whlce

[&

augants o ol Inis was evidence of sirniToplic Zeeding. Sonwe

~lcclemical intcermediate Ls sresumatlsc aecessar Sov ke whilte stralz

0 completa tlie Llosinthetic procaess ol ¢l . s.zilar

@l ZoTwnaclon.

s-enomencn Zor Serratia has seen sulsaguencic
2osge-3

~lzkl (LTiia

and _). U1l atczempets o lsolate e a_ent sesponsiti: for the laducad
SeJGREnTallon weIe unsuccassicl,  Since : Zactor L3 dlalizable, .-
M8 -2 4 Teoatove.l s.mple compound oI small uclocular el n:.,
-, s 2f st il les—a ceC OY TAmlSiiS aAms e as=at s sotamts
- e - Y e - -t -— - ek b. &~ - S sd_...--!t-n —-a - o e e seeme e -~ - b}
S - ey o F et -, SR - - ln . -'. T e e : . . e P =y i
SOLS srange anu wWalis, ~ndicate that zlie sl ment L3 10: nacossar So-

o osida Jroquer oF g
SOLLa. melaco.osh. LalS L5 LOIne Jul LUl LTOWIA. Il2 O anLSmS 2Lgiacs
-7 - Py —-— ey oma Tt T e ~ o - aa ~ - < - = - - s
On & ji2cose medoum (Irllcnr, 1724), or amzzac: of Loel hears (Soldse

in Zursher studring e various lactons iLnfluencins sioenc formation,

S ~

-t was Zound that Teglacin, the Faosprate suifer wich zzis-(Lvdronl,

Zetiylj-azninoecinane (tri

2Zfcct was znoted Tr Sunting (194%) who zemorted an enianced cizzenca-

X

. - . . . . = P . -
.00 wnen 2-,.08p.aace was omitied rroo a medium coniaLrning J.2 2E€T cJenc

Feptone, which was laihilitor; when large amounts o phospaate -uffer

The cause for tlis inaibitiom is noc inowa. Pizaenta-

tiom in liquid culture was delayed for approximatei: 24 hours in minie-

ouffered with phosphate (Labrum and Juncing, 194

\0

J. In



Zactors to ans o7 the murants did 2ot Inaduca

end 2I - 1ours
DL liCO0T xIzsac

=itant and wiidet pe

Srzanisms and subsequentc ciromatorapls o7 the si_men: .aco s

Iractlions, astaillsned zlhat 2Todljilosin 15 act

P S2<dls haf g Czegvaizazlon JI T0E sCrac

-

Tal conii_uration oI za.

. . B
i€ &lllsL3nNse oI oseaversaln COIPOTEnIs wWas zar-

. - - - < el IR .. e e - “~ T TN e mem T D RS Ry
moSs Su_gestec o lelss (195%), whe curomaccorapied z se-anol 2nITact
(=R S —m e e ~ a7 - b -~ c . - - 3 <" - = N -
S bee 2ogment on cellie coilumms. ¢ demonstraced fhas sea 2L.mens
ol S Lol Y T U - e N . = . T it gcaie e
Sepd-atec Sntc szaveral Cands, Dut osverlapplng of she GllZavans came

stances .o the Suzanol entracss, srovoaced a couplatc

: Zraraccarizanliz
sl thes:z components.,  Tha 55ar separation and characcarizasiss o
Sae dafferent 2Ioment Iractions Ln shis soude 5.0Ws gqult2 zeoncloslval
---&2 ta2r are _ndividuel compenanss 27 chia svi.lnal Tzd Ll moams, Thl
e T T ok =4 5 = qem e A= NS el - ota PR Taas mTam mamae. .
-9 -voaesdlT O Iae -&DCTC oI LLiZo (=22=2,, ¢ 32a3cas nzz ko R - N

spectral cuzve of che extracted rced pisment

shoulder was attributed 57 Tubbard and liminston (1520) o an

form of the red pigment that was presuzed o

solution. The absence of this shaoulder in ¢

Sraction isclated Ivom Serratia marcescans s Tet a component

der’ which appaar

acid soLution.

-l
-

.
-

S ae

=il S

nionic

2e eluted red fraction is
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s a naturall:s occur::

tcponens of clha

@t the red pizments can e ‘solacted f-om tae
o rapar ldentical to fhose fouad ifa e whole piment, furcher demon-

Strates thac none ol the fracclons are Zecomposicion producss, sut

that ther are setual cotponencs of she orijinal il ment. Addicional

¢vidence Zor <.iiS .3 TagT & rfeconwlned mingura Ol Ile lso-Lated e enc

Iractioms tealiaves chromars_rapalcall, and SpecIroziiotImanrically zhe
Same as does :zlie .nfiracclonazad D-_menz.

ie speciroplotometTic data on she Sl ment scudizs araas Julza2
closel;” wich ziat o7 ubbard aad Lmington (L2Z0), qemonscracingg chaz

. Yo m AN e ~3 TOION  amen mama =t - -t - -
-2 slem. ucoard and dalagteon (193C) commarad sl Specrrar prorerscias
z .- SN LI L R PR 4 ) BN g -y — - - Y R P < i
O- & simtaet.c zripiwrirlaechane subsctance 20 the entracs of sha 31 menc
Pl « SN -y - ~ - . -— 7 -~ - <t ~es . St -~ e -
9L S&-rat.a zaccescens. e similasii 37 she curces of sha Si.=en:zs

and the s;nthatic trliprrrole indicases chac tie Dasic scruczure oF zhe

slg3ent 1s a tripsrrcimetliene.  an elezental anal:'sis of tii2 various

F-gaents also sujsests that e ase zasicaills zrxipirrcle dazivarlivas.
furches, che molecular weijiat determinations and the cilorside coatenc

Oof the different pigmenc fractions indicates that the LDite component
s a pol:imexz, or more specliicall;’, a dimer of soms of fia rad compon-
ents. The vlue component tas approximatel: twice 12 =olectiax

werghit of the rad pizment, and it contains oni; one=nali tie amount

of cihloride in tie ndrochloride sait as cthe wrdzochloride salt of the

red fraction. The same conclusion was sugsested from the results of



S22 zime studr on the accummiation of the various :iman

tle orjanisms. It was ascas
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fcllowed L the appearance of a small amount of che blue coiponeant.
e fact chat the amount of the blue pizzment then rapidly increases

Wwhile simmltaneousi:s zhe care of tte raod component Zormarzion is Teduced,

Sugsests cthat che tlue was formed eiclier ac the 2¥pense 0f or D a cone
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S Serratla marcescens appeacs Werl 2aril .noIhie _rowch zhase 37 zha

PR i e 2 [P S S 1acad Sronn ratim v et eimn - e A=

J-.an.sis and Lz ls readil:s lsolaced Cfroo JeunS Sustires.  This susascs
. . . . . - . ...

Sl Toc orange compenaent &) be imporsanc la sha tormatleon oI Toch e

'

eG and Sltue components, which male 4P S48 SuL oI tne ozal oiment.
Zt 1s, wcwevar,
T.le orange =utan

cager, witereas

—ea - PR S 3 - - SOg . -k S - - -
-..& Zest Twoitile o0f e 2iztent rTacTions; tae PLRENC 0 e JTanze

swtant femains orange unless aiposed to strong acid fumes, while the

Hy
t
1
v
(]
[}
)
"

<C2 ¢ Will cause tle orange component o daccme -ad. Tha
otanze Iraction Is zapidl:- destrored =i lizh: whila the simment 2I :che
oranze zutant s selatively stable, since it is destrorad onl: aftes

srclonzed sxposure co Lizit. The cnl;” similarities letwesn che =wo

Q0 =. in acid sclution and that

in

Plsments 1s a peal: of atsorption at

(2}

Soth exhibit Zlvorescence iz the ultravioies lizh

"Sis oI the pigments b luffman analtical Laboratories (Wheat-
ridge, Colorado) indicated that the pizment contained an appreciable

amount of ash. This observation stirmlated a study sf the zet

=
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Sinding capacis of =he various Iractions wAith ~50Copic calcium (Ca™7)

and Zzon (Fe~”?). Thesc studies showed that the ls0topes were Sound o

the plzment b chelation similar to the cielates of 5 rrole ccopounds
such as Lemojzlobin, chlorophill, catalase, and the crtochronmes, The

sisnificance to the owianist of chis chelacing capacit: cf the plg-

sents Ls uniinowm. Cortels (1927) made a sted:;s of the Tequirements

for ironm, majnesiuz, and ziac for -rowth and Fizsmentaction of saveral

- . . o : .
e IZgund chat “OCh Lrom and AacTiesium vrera necassar

mlcroorianismcs.

Zer Soth rewtl and £imentation in Sesratia, an
252014

assence oI iltonm a Leucobase wras Zormed which “acame colazad -

2hosphate mari:edl:r increased the occurrance oI colorlass rariants i-

e e - - - - - > Tm 1 -— 1o )2 ~ ol
ClQLI cultures. ~1€L7 GLLTloucec ghis chenozenon to =hkeo 0 -0NainT oz a
-y - > T ~ 7 D - -—— S oy -~ <
detal Lo sucelr g vra chats ~& Was 0T avaiiasis ot 2~ 318N forTmaticnh o
' a AT AT -~ TAarma o~
sl 50'.0-.-.925.: COLOT L&s,

= order to cbtain metal-free plzment, cthe pizments were -outine-
17 treated I washin: wish athi-lenediamine tstrzacatic acid {(Varserna),
A4S In nemojlcdin {Lember: and Legge, 2. 272, 19L9), the removal of =h

Tetals ZIrcxm the pizment did neot shifs ke spectral peaks, Indicatia

that these do not comtTibutetd =he chiromaphore propecities

u
[
re
&

v

. such a war as to mask

(B

cs

)i

assoclate with the porph:tiz =olecule

fluorescence. lowever, removal of metals f-om porph;Tin=1ilke compounds



does chanze :the ratlo Lecwaen che avsouptlion gealis o e -Zizravicla:z

. PR . e et ot - - — . —— -
~<5-001 and Caeg D8a3.ls .o ooe Tisiole SpecirTum, 2 AD2S8CNCT oI efa.s

o che zigments Irom Serratia narcesceas caused a much stTonjer absor-

sance In the ulzraviolet vegionm. ThiIs ‘ncreased acscrption Ln fhe
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I Ilsorascance

- e A e o deee - ~ P S - N ot BN -
azter Versene :trecatment, since tflhese 2. .mants showed 10 Sloorascenca
. yeen eaa —~—— Taee e R B m v myea’. 3 ot BN -~ < P --
~2R0TC ITgachient sul o aLd 2xiticle o maried I.u0Tascancs alcerwalsds.,

R - : - . o i T 1 3 e O L I
--2=5 4LS0 1as -2cl ousermsed wWiZ.o wWacie Zlood af:ze : a3

=v=S LLL0TASCenCE AgSCeaUS 4ue IO Lo _lozrazlich oo

a4 - . e -y PR
-— - e - ——d aen -
P e P . s
SN0 TACSAN LCLEliad,. (—CooQaT e aAnd L2 58, 2 =0y o.w2,.
2. l.ezacollc Scudics.
-5 She SCull oo luc metasoolc JiszTibuslon oI Ls0:Ispag s.acssoaorus
’2'7\
Tt e - e - T g - -— v -— RN T oaee v T2 - - T3 T fae g ~ T e em = n -
(2==), <t was Zound sherc was an insinmilicanc Jiffcvance Laomvesn —ec
taree stralns scudlad, L.e., vad wildegipe, e ozanmje suianz, and

. e U R e SOOI I - . e im .- pema ae S Tt
WwoLgCc ZuZanc. s 3L..30 sougr waia z Jas ade o -QCalls and ..WoseTes

(222C) and Cowiz and Ualten (in press) dsing Eschiecicaia celi. Tha iise

trisutlon oI the sadlo-zhosplorus fecween tihe tricilovoacacic acLd sole
<>le, lipid sclubiez, silomucleic acid (LIA) and deciorilonuclaic acid
(DIA) Zractioms, was similar in masnitude to che distritucion fou=d in
tals stud;s of the Serratiaz strains. (Iaitle 7). Tisner 23343 Zound
chat [ the trichlorocacetic acid (TCA) soluble Zraction inorzanic
pucsphate was laccrperatad ince adenosine, ono-, di-, aand sxie
pacsphataes as well as into precursor nucleotides. approiinoatels 10

per cent oI the :total incorperated phosplorus (232) was Zound Iz the
1ipid soluble ZIraction as phosphnolipids. The hizh radicactivity in the

Tibonucleic and deo:xgribonucleic acid fractions was attributed to the
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1sistent difference was noted in z-a radlo=-

3

ince a smeil Suf c¢co

(%7

activic; Tetween the deoigwibonucleic acid fraction of che white
orsan.sm and chat of £l wild=tpe zed and zutant draage Jrjanisms,
a 144 hour jrowth stud: was carried our to determine wihccher chere

wWwere an® signiZicant diifferences in che amounc of nucleic acids

»

-

caiese chree straias of Serracia. Lo sijnificant diflerence was Jound
Lo exist. lowever, a1 Zhc coursc orf ciis stud;’, an interesting

otservacion was =ade;  tae A was ar iros Lighest concentracion in
thg cell ac clie period of nos: Tapid jrowtlh, and iz decreased Ln
anount as tae ceils ceased to mwslzipl: rapidls.  This was not cae-
@:pected Lo e .Ijhic of tlie comcept charc ribeonuciaeic actd s, o
sarc, Iunccoicnal Inm prova2in sinciasis (Gale, 1723), acciny iz a2 wa

sucl lhiat e amine acids line <z along ctiie ) aolecule, wWiiich

SeIves as a CapLate, and are taen uniged lato ;cpc;dc ~-=.laa.:a3s oo

Zorm, ovencualiis, proteins, Therelore, the need Zor LA is jreates:
at i time oI most rapid prozein simtlesis.  De rTibonucleic acidg,

on tae otiuer aand, waich Is concerned wich the Teproduction of calls,
(Davidsen, 1933), rsa2mained rathes constanc carouzhout ctie 144 hour
perlod (Zadle ). An analrsis of the bases in sibozucleic acids

sa&ve a Tatlc o 2rines to prrimidines equal to 1.4, The ratio of

(3]
n
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4
t
o
v
e}

adenine plus & caat of juanine plus c;tosine in deox ribo-
aucleic acid jave values of £.70. These catios are in ajreement
with the reported values of Zamennof, et al (1952) and Zlson and

Charzaff (1955) which were 1.25 for R and 0.69 for DIA. These

values place Serratia in the 'GC t:pe’ of orzanisms wherein suanine



c-tosine

T,anisas tnilcen

aisher

predominat

arzarizl,

diZZerence

marscescans was scudiad

praedomizate

i -
in contras:c to "east, viruses, aad all of zhe
arz cthe "AT type” in which adenine and Dy mine

1959 a and v). ificance of this =zolar

10t Lnown at

amino acids, nucleic acid der a

vicives, and

¢ overall Incorporation of C7 2, latc Serratia
2 B
SF .<Lean gt ai (1947, (%31 a and 2, 1)32 and

23333, OWever, Jlese Lnvestlatous did ot stud zhe diszrilurlon of
R . : - . o )

Tie groduccs -notoe varlous celiuiar Iractions oI zhls or_anlsm.

woterts 2 al (IfIly, noa ToneSTap.s on -losiminaesis Lo Zsclhericliia

coil, studled thic Lncorporation and discroilbucion of raviowus -30C0D=

-call;s label:xd compound
<in2 and acstace were

averai.

creased. llowevar,

lncovporaticn

clese

= I

<-1.3 St

« n ad; 12 was ndoZoal woen _lo-
- - T T . ne T = -y
§2d as t.e so:e carcen sources {latle 1), he

o ey . . e

2 - v, -OUO Ine 2TanisT Was marizdll le-
two cempeunds tad ver: Llzcle 2ffecrt Jn the
dloxide into the nucleoprocein fractioz. Om

Tie otuer land, e se of a ;licerol zedicm, supplamentad o _east
and caseln I"drclisate, 2ad oal:” a Siisnt depressin: 2fifect on the over-
. o et . e . .. -
@s. -ncouperacion of O 2,, ut =zmarliedl: decrzasad zle lacorporaticon af
C770, lato the nucleoprotein fraction. The zeasons o thls diZferanca

will De discussed later,
<o tle tasis oI thwe asove scud;r, a slicerol =Ttris Suffe-ad
D b4 a:-'i'f\ . . LR
wedium was chosen to studr 27 0, Incorperation lato zhe cellula- com-

ponents oi Serratia.

onod (LS47) zave siowm

essentlal for some metat

Gladstone =t al (1533), Ramhn

(1341) and Lwois

that assimilation of zocn dioxide Is

“ITenc

olic processes iIn the orzaniscs con



strasns,

JeScenice O

D07 (as Lal

[l U
T ( o
[ Covindine
B RS S SR U 4

T - [ . P,
e w mas e Y ees o R T

JL e Iediun

- - —— -
orzanism. The

AT Nepe e Sh o ammee ~ T e —_— e e -
Lol Al oLVl -, % SCemsw OL 47 - R RSP LU SURS Dt

N . e ey N L e B B - .
ce. S. Ll LQUTS. - Jadlad L Tag Talce oo B il ll=
T o T U S T R
2ac.ne —a. @oCUC & RUTS5 aNd COTICLNUSS 0T 27 23S w-

G € 9T janiscs ST ianisTs
acle. For Ihls raason, sanpies oI orjanisms at ona, oo,
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ad sulssequant
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succinic, Iumaric, and =alic acids. ALl of these acids contained



radiocactive C+7, lndicacing chat zhe Citric acid Srcle Is zrasent and

- v -

is one of the modes of COp ZIimacion i

»
S

.0 Iree amlino acids were found in the acid soclusle fract’on nozhi

a m.aute peel) as Lcen seporied for ocher ram ne ative sacteria o
farlovr (i947) and lceberts 2t ab (L933). aAnaisis of e acid soluble
Iraction, as well as the alcoiiol soluble lraction, leided several

sepildes, iLndicating chat e azino acids are Tapidi converted o z2

Jhesc Two Iractioas were ndrol csed inococe and coaldad she

ZL<C5.

Sane amino aclds as wore ostained Lo Lrdrolisis of che suoteLn Iracco-
-on. e aclid sclublz Zvaction rielded, L. addiclon o zh:z or_anic

acids and sepcoides, various nucleic acid precursors wilch were Located
S thelr uitravioler absorptlon on Daper ciromatorass.  Thes2 wera moc

ldentified or anal:sed Iurtler,

The anminc acids ottalned - irdrolivsis of the crotein Zraction

+ . . . ~—t
were caromatograpied and anal:itsad quantltativel:: and zhe C zoncencra-
tion was determined., The wvalues Zound Zor zhe amount of amino acids

Present I the grotein can oal;s e considered relative siace che

g

)
o
vl

clie amino acids, sucl as zoiptophane were destroved b the acid
ardzolysis {(Uawi: =zt al, 2. 101, 1951).

- those amino acids closel:s associatad with

‘cle siiow appreciable radiocactivit, This can e come

sidered as further evidence that the CitrTic Acid Crele Is in operation

that che cyele is sespomsible in part for LG,

1.

in these orzanisos an
fixation in these organisms. It is of interest chat arzinine has the

is due to the

.
58
0

Zreatest radiocactivity of all the amino acids.
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direct carborr-latlion of chc amidinoecarbon of che arcjiaine (Roverts et

al, 1953). thesec workers aave shown that in E. coll the addition of non-

cfadioactive slutamic acid co the medium results n the labeling of the
. . . - - - H , .
anidino-carbon onl:- ia presence of **02, demonstrating that the re-

Nainder of the activit: Ia aryinine comes from sjlutamic acid. In this

stud;” wich wild-strain Serratia, the speciiic activic: of citrulline
- J - - ?

the lmmediate precurscr Zor arjinine

}
’
-
)
f
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~1
n
(U3}

. n - - 1
Yo} v Der cent oI tuae

total C** accivicy Tigere 29), and this value 1s ailmost dizectl-

parable to tire values Zeporszad - Doberts ot al (1¢533) iz Z. coli.

ip oI the :iabeled amino acids to zhe Citwic Acid

Crele Is siuown in TFi_jure 25. It was found chat otier anino acids, such
as ;locine, serime, levclne, :rrosine, piea-ialanine 2, tiscidizna, and
crstine containaed iltile or a0 lsocopic cardom.

Determinatlon of the specific activit: of the Jurines and sorinie

dines oI botl ribo=- and deo:rridonucleic acids cieided rasules wiiich

are similar tc cthiese of Doberts ai (1933) in E. coli. In concrast

o the report of
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lowever, cae

specific activii:- of thirmina in these orjanisms w;as consistentl:s lower

than that oi the other >r-rimidines, crtosine, and uracil. The low
activit:s oI thiymine found in this sctudy Indicates that sossibl-r the
schema for che direct conversion of th:mine from uracil Zay; 1ot be the
correct sequence for this crzanism. On the other hand, the aizh speci-
fic activities noced for crtosine, and uracil showed that these oyrimi-
: ; : soes ~LL ¢ ; et : P e
dines incorporated l.¢ times more C-7 from radioactive carbon dioxide

than did the purines, adenine and zuanine, in ribonucleic acids at one

hour of srowth. At four hours this racio was 1.3, 1.9, and at 24 houzs
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THE BIOSYNTHESIS OF THE PURINES (ABBREVIATED)
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fraction did not contain aa; radloactivig:-, Thus, o oview of :zhe worn:

. .

dittencer; and Shenin (1230) and Shemin (1233) oa porpizia bio Ihi-

Fh

Q

thesis and chat of ubba=d and Zliaingon {(1930) on che clos:mizhesis of

Prodislosin, estatllishing accetate and slrcine as zrue precuvso=s o
. . . - . . . . L
-hese plrrroles, thie gsrasent rasults confiom Sa¢ ooservaulon cthat €0,
-
~s not comvertad ciz

FE— STl - E ' ey 0T S R
el L0 _lrcine or acetate Lo these studlas sith
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Je_-a:_a, Gild conscquentl ca pa_mens 2Todiecad s a0b Lasa 2.
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marcescens, :tierch) demonstrating & strain specificitr,
LaiTESCEnS

VL. SULIARY
4. Ilzments,

Several stable amutants of Serratia marcescens were ottained o

exposing cultures to jamma var and zltraviolet irradiation. These
Awegants wers found e De rdencical to ch parent oranism with che
exceptlon of pigmentation. wutants were obtained <iiich exhliblited rose,
vellow, orange and trown P:;Rents la conirast to che desp rad cLigment
oI the parent strailn.

4n .nterestin, relaclonsiiip was found co 2xist Loetween some O%f
Cile pizaent autants ia shlat cerctain drangje autants caused whlce oucancs
20 plgnent waen these were [Iown 1ear each other .o alciss 2roch o7 oo

an agar »>.ate. ne orange zutancs did 20t tave cie apioiso 20 Laduce
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plgmentation Ln walte autants ob

Tne plgments of che parent red strain, :tie orange .wtant, and cae
pigment nduced inm che wilite organisms were 2xtracced with acetone,
purified, and scudied. It was found that che plsuent Irom the wild=-

t’pe organism vas chromatojrapiicall:- separable into four componants.

()

0

Jne component was sluz in coior and aad an RE. of $.20. A& second
component, red in color, was present in small amounts and zad an 2F.
of 3.43. Another red component exhibited an Rf. of 0.70. The Zourth

9. The orange mutant

O

component was orange and possessed an 3. of Q.
plgment tad a single component which zave an Rf. value of 0.40 in an
ether, petrcleum ether solvent. The pigment induced in the white

organism by growing it with the orange strain had the same four



cocaponents that were present in the parent rad straic.

ALL of the piszments wer

o

iltravioler and visible rejgions of the spectrum. The curvy

for the whole pigment was almost identical to the curve

3

-

Juobasd and Jimin_to

¢ subjected to spectral amai-'sis ia che

(19
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» (1920). These worlkers considezad the pljument zo

Cmoa e - - . -2 - g -- - = — e T -1. — -l ~ - e i
24d 3an a2sompilon aanminuen of 300 nn, wihila the -ad componans

iR L S N N~ - - el " =
ZTecd o chis oran e colponent, axl SCd
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act cihat recombinarcion of

cagse cwe componane Jasuit2

~enL senonstragad Inac oo OJ&N 2 omponenc

)
3
0
n
o)
o]
r
b
{-.
(8]
8]
£
n
Iy
-
>
t
i
4
’
D

[
]
)
w
J
]
()
o
1
8}
t

cusve which axhibited a shoulder at 200 = indicated that che oran ;e

clinporent s a normal consti

tuent of cthe whole oi_ment. Ihe :lue Sig-

Qent .ad an absorpiion spectrum which 2:hiibiced tow, wide zbsorpcion

2axiza.  Jhe selaclve 1isht absorpciion of the red sigment was cen

R - U S =
-<lES5 greacer caan char orf

-

the slee plgment. The -lue fraction caused

a veduccion in che iizhc acsoirption of che whole pigment in :zlie ulcra-

vioier reglon of the speccrum.

cuiture followed - an accum

the red pigmenc on a2 welght

Due o the iastabilics

A time study siowed tlhac che rad PRFients appear Zirst Ln che

wiatlon of the Llue pigment wilch surpasses

Sis in 2 to 7 days.

1}

]

oI che orange componenc in Lizht, insuffie

clent quanticies were collected for infrared analysis. The pi_ment ias,

&

therefore, separated :into the viue and the combined rad components oy



paper and column chroumato.rsaph - as a uaic., The spacIral sUosterzias of
these iractlions were run i the lafrared region. hea siailarizs of
the curves o ail ze,.ons of che specirum .ndicated cthat cther werse
s_zilar in cheir basic Structure, 2rovabi; diZfering only la side
S5T04ps and couarfijuraction of the porrole _Loups.

Zlenmental analrses for caroon, 3 -drogen, aitrojsen, and chlorside as

Wexi a5 Toe aolecviar wes 0t of che adrochloride salcs of che dirffer-

ShL [ooments sitowed definlcte disimilaricies. e JLgneats Zorm oa
Aoncnerochloride salc.,  The chlor.de and Zolecular wa__ iz dazernina-

wO-l.-2. oI zhis Iractionm on gsaper and coluan conromatojrans.  hls

SOnCLuslOn s Iurilaer 3uSSCant_dtfes on the Lasls oL e siansilarl:c of

tie nlivo_enm concent oF zie Lice and rad Iractlons wialclh would noc e
che condensaz.on 0f two uoiacules of

SCCUl,

sisaent and che celliular debris. It is aoteworchy chat the blue cone

fonent dinds several tizes as muck ironm as does the rad component ln
these organisms. This difference in cinding capacit: mar e attributed

to a difference in the number of valences avaiiabla Zor th

(14
%)
joy
o
r{
'_l
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0

with the metal due co the variation in zumber of nicrogen atoms.

{he pigment from the orange mutant was also analvsed chromato=-



e
-30=

;raphicall;s and spectvophotomatrically. The pigment had an extromel:

2izh 1isht atsorption in the uiltraviolet rejion and exhibired a Z0C =

e~

maxirum in acid solution, The similarit: of the curves to the natural
gigment in the ultraviolet, visible, and infrared cegions of :tie

- ] ’ =)

spectruml indicaced chat cthe casic struccture of this nizment was very

similar to the pijyments of the wild-type red orzanisz.

the umetal Dianding capacitr of cthe pigment Lrom che orange outant

'_1

199

was tesced, using zhe vadioisotopes of calcium (Ca™ 3 and ilron (chg).

In contrast o e pijment ILrom zhe wild-tirpe orjanisms, tha aiment

Zroa the oranm_e murant sound more of the caicium chan 1o old of zhe
Zronm. e reason Zor the sinding capacit:s of all the pismencs .usc

awvait clariification oL che structure oI che pijments veforz deflzit

Jonclusions can ce nade,

Tre discributicn oI phosghorus (B°F) Lo the various fractions of

T
®
i
19y
'
v
(1]
1Y)
r
B
{43
'~l
o
(5]
~

J

parent red, cranje, and white mutants, demonscratad

o

in cthe zetaosolism cf this compound. The selative distcuie-
butZon was Zound Ln cthose Iractlions which have che _jreater number of
phosphicrriated compounds, I1.a2., chae supernatant, which contained Coth

- )

irnoranic piaospiicrus and man; phosphorriated intermediatas, and ch
aucleic acid fraction.

analysis of the molar ratios of the nucleic acid Dases _ave -e-

sults comparasle to those obtained L other workers Ior Serratia mar-

cescens (Charzaff, 1951, 1852; Elson and Chargaff, 1953). The orzan-

ism has a aicher concentration of zuanine and cviosine than adenin

and th:mine in contrast to other organisms and is, therefore, termed
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2eried of srowth while ribonucleic acid reaches a peak at che time of

orjan.sm reaches zore than 30 -e- ceas of tha added radioactivic in

"W

[0 P S o s S ERT I P L SN -
Jats IR0 15 ba e JTowrm Lo zmedicm lizited iIn -C3 fartoon source. "ha
ALZA8T foncentITasicn of radlioactitra carcon g Zound .o zhe TucLalce

] Sy < - S N — - - 4 A n T . e g e -t
adCld ZracLorm .l..d ST alllno aclri, arT aninc. [SDEC Ao alit ) - 2

. . IPNPE - 3 R NG e d R N U 1

dil= inc ---edSoCNT.L2 4Clds assoclated Wil zthe 2icsiz LCLd 2zl oalse
e -  E . T 2t - . Tmma e Cym o eeme
QIS G0 L 20 CSV2L Z0uw . fhelrs SpeCcLllc oacIivls 03S QT Clozome ZT
L O 2CEUSS 22 Sthe s20id moermarras AT cihaa s e PO,
Se iy, DTesucl L TERGsS S e LlT SaD LG TUTTIOVRAr oI ZhEs2 SsnTonas 3.

— L - - -~ .- = . i T - S ! iy e~ LT e oy e -
=C &se .ow aeiivicy Zound In :lrcinme.  The amine acid, arenine, Zas a
- - Ay % -~ S At e e Ca ~ -~ et I3 - T A TS e Z et
JILT LR SpecLiic activity fecaus2 ol the diract labalin: of zhe
anidine roup from the zediim.
.
- 35 . <1 - T “m s - ~F —— T =4
-1€ pl’mimidines, wracil and c¢rtosine, Rave & much Ireacar specific

prrimidines.

It is of interest to note that the specific activicy of ribonucleic



of _rowth Tut the two cormpounds aad the same specific accivic:

oac
Wurs.  Tals tends to cear ocut zie counclusion chat rsizonucleic acid

comverted o lz KTLs0nucCliaic 1o Zhe s

:J). & sinllar resulrs -3 seen céetveen the decrlase Ln
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