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INTRODUCTION

_ The fact that mlcroorganisms are capable of breaking
@gwﬁ protein and utilizing the varlous constituents has been
recognized for some time, In most instances the products of
these metabollc changes have been esssumed to be utilized in
one form or another by the different microorganisms as a
gource of nltrogen.

Recently there have been studles which indicete & pose
sible role for the amino acids liberated, thet of smine pro=-
duection in an secid medium to cause a shift in the pH toward
neutrality during growth or to reterd & shift toward an acld
reaction. EBuch & change in pH of the medium probably acts as
a.yrwtaaﬁivﬁ‘M$ehﬁmi&m which allows growth to ﬁmﬁtinue even
though there sre ascumulatlions of incompatible products be-
yond the level of normal metabolism. This protective mecha=-
nism or decarboxylation spperently is not present in all micro-
organismg; however,; many geners and specles have not been
studled. Thie mechanlsm mey be present in the psychrophilic
organlams which are becoming more and more & problem in dairy
products, For example, the production of off flavors and
sromas in cottage cheege by some Pgeudomones specles mey be
the result of decarboxylase engymes. |

The present study ls concerned with some of the factors



responsible for decorboxylation of amine selds by & selected

group of specles of the genus Pgeudomonas, known to be re-

sponsible for certain ebnormal flavors in dairy products,
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STATEMENT OF PROBLIM

This study was underbaken to debermine the gbilities of
Pseudomonas fregl, Pseudomonas fluorescens, Pseudomonas
utrefaciens, Pseudomonas seruginoss, Pseudomonas graveolens,

Pseudomones mucidolens, Pseudomonss eysnogenes, Pseudomonas
8

anthae, Pseudomones ichbhyosmia and Pseudomonss viscosa to

decarboxylate the amino seids Learginine, Leglutemlc acild,
Lehlatidine, Lelysine, Leornithine and Letyrosine.

The research problem is concerned with such environmente
al factors as pH of growth medium, temperature of incubation,
length of culbturing and presence of the sgpecific substrate in
the growth medium which may influence the decarboxylase ag~

tivity which can be demonstrated for these mlercorganisms.
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All bvacterisl decarboxylases so far ldentified react at
pH levels between 2.5 and 6,0. Thus, if the reaction tekes
place in a moderately aecid medium, carbon dioxide will be
evolved and the reaction can be messured quentitatively by
manometric techniques. During recent years bacteria of many
geners and specles have been tested by th@aﬁ.prweeﬁuraa for
their abllity to deparboxylate the various amino scids. Ac-
cording to Gale (1946) end Legerborg and Clapper (1952}, ale
though nearly all known naturally-oecurring smino aclids have
been tested, only six have been attacked under experimental
conditions, the amount of carbon dioxide liberated in the re=
action being measurcd by menometric methods. The gix anino
acids and the resulting aminesg are as follows:

Hgﬂmngwcg?cxe«cﬁyc}m?cwﬁ w— ﬁgﬁ*{}ﬁ?wﬂﬁgwﬁﬂgﬁﬁzw{m@ﬁﬁy COs

I=Lysine Cadaverine
HgN«CHywCHymCHy=CHNHywCOOH sy HolwCHyClip~CHy=CHplRp+ COp

I=Ornithine - Putrescine
m%snmm»miwr CHNH,,=C00H w%cwﬁ CH wCH (i HH

oIHGHy~CHy~GHrCHliHp2C00R =3 PellHCH,=Glg=CHy=CiipHip* 00

HQH HEN

I=Arginine Agmatine
10 > CHy~CHlHy~000H wwwy HO () CHy=CH HH, # CO,

L-Tyrosine Tyramine |

HE=— Gwﬁﬁgwiﬁmi‘ﬁzoﬂﬂﬁﬂ ———) HC:.—.G@HW{XHZHE + CQ2

HN . 4"‘ HN\C p H
H  Leilistidine H Histamine

Rﬂﬂﬁwﬁﬁaaﬁﬁzmﬁmﬁ%«ﬂmﬁ o) PiOGMﬁg»QHzmﬁHzmziv %3
LGlutamie acid Aminobutyrie acid
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Gale (1946) points out thet these six amino acids have,
in addition to the carboxyl end «-anine groups, the cormmon
‘property of & polar group situsted at the end of the molecule
fer removed from the carboxyl group attacked. Thus it wcﬁld
seem that the presence of the polar group In the right stereo-
chemical relation is necessary for the enzyme to split off the
carbon dioxide from ths carboxyl group af the amino acid.

Virtanen and Laine (1937) and Virtanen, Rintals and
Laine (1938) have demonstrated the formation of B-alanine

from amspartic seld by the sction of Rhigzeobium leguminosarum,
A three-week incubation period was used and the resulting
amine was measured chemicelly by lsolation as a picrate.

Heny gensra and species of mlieroorganiams are capable,
when grown under gertain aan&itidma, of producing decarboxy«
lases that are active on the sbove amino acids. All bacteris
are not capable of producing enzymes which decarboxylate all
six emino acids} in fect, Gale {(1943) stebted that many bacter-
ia are unsble to produce any enzymes of this typs. Possibly
bacteria produce decarboxylases which will aet on other amino
acids then those reported above, but the production rate may
be so slow that the aetivity cannot be measured by menometric
techniques.,

Henke and Hoessler (1924b) found a number of strains of
E. goll poassessed strong tyrosine decarboxylase activity;

strains of Aercbacber seropgenes also were capable of producing



measurable emounts of this enzyme, Gale (1946) reported that
of the 151 strains of E. gcoll studied, 11l possessed arginine
decarboxylase, 142 lysine decarboxylase, 130 glutemic acld de-
_earbaxylaﬁa,kln«hiatiﬁina decarboxylase and 6 tyrosine decarw
boxylase, but 90 per centb of the strains tested were found to
be positive.
In summarizing a study of some 800 straing of strepto-

cocel examined for decarboxylase activity, Gale (1946) stated

foecalls or
streptococel of the Lancefield group D produced tyrosine demw

that approximetely 500 strains of Streptococcus

carboxylase to some degree, Under the conditions employed,
the 500 strains produced only tyrosine decarboxylase. Lager-
borg and Clapper (1952), using the estsblished techniques,

found 8. faecalis, as well as sulfa-resistent strains of

Streptococcous

g&ﬁ&gg to be capsble of producing appreciable
gquantities of tyw@ainﬁ decarboxylage,

Gale (1941) reported that seven strains of Cl. welchii
(perfringens) produced variable amounts of histidine eand glu-
temic acid decarboxyleses. Later, this investigator {(1946)
stated that nine of ten Cl. welehili (perfringens) strains
produce decarboxylases. Other Clostridium specles which were
reported by Gale (1941) as being capable of producing various
emino acid decarboxylases weret Cl. geptlique, Cl. zerofoe-

Three strains of Proteus yulgaris and two strains of Pr.

bifermentans.




morganii were tested by Gele (1941) and found to produce de-
carboxylases for ornithine and glubtemic acida

Lagerborg and Clapper (1952) reported that in @é&biﬁg 31
straing of lactobaeilll isolated from salive, 12 produced arw
ginine decarboxylase, 3 tyva@iﬂe end glubamic acid decarboxy=
lases, 1 histidine and oynithine decarboxylases and none acted
upon lysine. These suthors stated that Lactobacillius gegei

- and Lactobaeillus arabinosus showed no activity for any of the

six amino scids tested (Learginine, Letyrosine, Lelysine, L=
histidine, Leornithine or Leglutemic acid).

Baeillus subtllls snd Baelllus mesenbericus were reported

by Gale {1946) to possess very weak decarboxylase activity for
- gome of the amino acids. The author stated Murther that no dew
carboxylese enzymes have been found in orgenisms belonging to
genera Staphylococeus or Pgeudomonas, However, Gale and Epps

(1944} reported that Pseudomonas seruginosa was & very good

source for the coengyme (codecarboxylase) for lysine md tyro-

sine activity.
Factors Affecting Amino Acld Decarboxylase Production

pE _of growth medium

The pH greatly affects the cell erop as well as the prow
duction of the enzyme, Generally the microorganisms grown on
acid medium produce engymes which attack amino acids by decar«

boxylation, according to Gale and Epps (1942), while those



on alkaline medium sbtack amino acids by deamination, as

stated by Stephenson and Gele (1937). The lower the pH during
microorganism growth, within the vange of pH L5 to 6.0, the

" greater the formation of the decarboxylagses; according to

Gele {1940b, 1941), this is true even though maximum growth of
‘the celle does not oceur. 3ince the greabest enzyme concentraw
tion occurs at or near the limits of acid tolerence for the
organism concerned, Kocholaty and Weil (1938) suggested that
glucose be added to the medium,; thus causing a drﬁpiim pH dupe
ing growths Addition of glucose to the medium results in a
heavy crop of cells which possess & high concentration of acte
ive enzymes, Gale {1940a) stsbted that the presence ol glucose
in tha'maﬂiwmtha@ no effect on decarboxylase activity that
gould not be ettributed to the change in pH resulting from fere
mentation, Bellemy and Gunsalus (194l) found thet S. faecslis
produced optimum tyrcsine decarboxylase activity when grown in
a mediuwm containing enough glucose to cause the pH to Iell be-
low 5.0 during growth,

Wood and Guunsalus (1942) used 0,067 M phosphate buffer to
facllitate the maintenance of pH and at the sswe time Incresase
growth of the microorgenisms. Bellamy and CGunselus (1944)
showed that slightly higher sctivity could be obtained In un-
bBuffered tryptone medium than with buffered tryptone medlum;
the difference was so small that the phosphate bulfer wWis rew

tained, since the Increased growth obtelined with buffer facilie
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tated the gtudy of other factors.

Temperaturs of Incubation

In nany studles of enzyme production, the temperature of
growth is not mentioned as & fector which may affect the acw
tivity, However, Eggerth (1939) found thet the tempsrature of
cultivation regulated the Vagw'ﬂf'fﬁﬁ&ﬁﬁi@m of histidine by
various specles of b&gﬁﬁﬁi@%ikﬁala«il?aca), in studying emino
acld decarboxyleses produced by L. goll, found that several
straing possessed more enzyme aptivity when grown at 20 and 26°
Cs then when grown at 37° €. Later, Gale (1540b, 1941) showed
thet 8. feecslls and Cl. weichii (perfringens) formed greater
quentities of amino aaiﬁ decarboxylase at 37° C. then at 259 ¢,
Using 5., feecalis for several sbudles, Dellemy and Gunéalua
(194} end Lagerborg and Clapper (1952) found greater activity
at 37° C. than at lower btemperatures. Gale (1943, 1946) suge
gested that the temperature effect is characteristic of the par-
ticular microorganign's ablility to produce the enzyme concerned

rather than the effect of thermolability.

Length of incubation

In genersl "young" cultures have little enzyme activityy
however, when growth tekes plece under optimum conditions, the
formation of amino acid éﬁaawhaxyia&@ pecurs late In the log-
arithmlc phase of growth, according to the work of Wooldridge
end Gless (1937)¢ In the many exper iments of Gele and Stephenw
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son (1938}, Gale (1940a) and Woods and Trim (1942) it has been
shown thet cultures possess little smctivity at the beginning of
the logarithmiec growth phase, but this sctivity increases linear«
1y until the initlel growth stops, alter which the actlvity may
remain steady or, as in most cases; decrease. lWinalaw and Walkw
er (1939), in their review on variatlons of metabolic activity
with age of the culbture, showed that higher activity ceccurs dure
ing the early logerithmic phase and then falls off before the
end of the period of active growth.

Bellemy and Gunsalus {(194l) and Gale (1946) stated that,
in general;, ineubation of the culbure for 14 to 16 hours pro=-
duced the highest enzyme activity. However, there were some
slight varliations noted by Gele when the various microorganisms
were studied. For example, Cl. welchiil (perfringens) produced
the highest histidine decarboxylage level in 10 hours, while
§,’§Q;§,raqui?eﬁ 16 hours for maximum production of arginine,
lysine and glutamic acid decerboxylases, Lagerborg and Clapper
(1952), working wihh,ﬁ*,f&agalia,'aamparad cells harvested at
16 and 2l hours and found that the higher tyrosine decarboxylase
activity occcurred with the cells which were 2l hours o0ld,

Requirement of specifle substrate

Agdition of the specific substrate, in this case the amino
aclds, to the growth medium results in production of the corw
responding decarboxylase, provided that the enzyme potential is

pregent in the microorganism ﬁtu&ié&« The need for the presence
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of the specific substrate in the growth medium in order that
enzyme production may result is very adequately reviewed by
Dubos (1940). Gale (1940a) showed a 2,5-fold stimulation of
tyrosine ﬁggavhaxﬁla&a activity by the addition of tyrosine
to a def%ci&nﬁ~msﬁium$ thus indicating the adaptive neture of
the enzyme gystem. Later, Gale (1940b) found that strainsg of
ﬁ, faecalls possess a very active tyrosine decarboxylase when
grown in caseln digesteglucose medium, hu@ when grown in a
salt-~glucose-marmite mediun containing lkper cent tyrosine,
the @ﬁﬁyme‘amtivity‘waa only ebout 10 per cent as high. Belw
lamy and Gunsalus (1944), gtudyiag the sanme type of enzyme
system, found that additlon of tyrosine to & pepilone medium
inereased the activity aixmfalﬂ‘ These same suthors stated
that tyrosine decarboxylase production on an aecld hy&rozyﬁea
| casein medium was not improved by the additlon of tyrosine,
Use of casein digeste-glucose medium did not, for all practi-
cal purposes, require the addlitilon of the specifle substrate
or amino acid for optimum production, as shown by Gale
{(1946)« This euthor, using a a&sgin digest-glucose medium
fortified with 1 per cent 1yain$g obtained results for 1y§ine
decarboxylase activity of 210 (Qgpy) compared with 194 (Qupy)
for the control casein digestw-glucose medium. However, in
the same study, higher glutemic aa;ﬁ ﬁaa&rbaxyl&ga activity
wes obtalned with the control medium than with the casein
digest=glucose medlum fortifled with 1 per cent glutamic
acid, From these experiments Gale concluded that the addition



13

of the specific amino soid to the casein digesteglucose meds
ium was not necesssry since sdequats amounts of the substrate
already were present for development of decarboxylese actie
vity. Later, Lagerborg and Clapper (1952), working with §.
fascallis, were able to get good tyrosine decarboxylase aow
tivity by using & medium conbaining trypticese, a peptone dee
rived from casein by pancreatic digestion,

theslize certain factors other than the speciflc substrate in-
volved in ensyme production. Following this suggestion, mi»
lamy snd Gunsalus {(1944) tested the effest of elght vitemin B

authors concluded that pddition of pyridoxine or nicotinie

acid hed a marked stimulatory effect on desnrboxylase sctivie
by, but further studies revealed that both vitamins together
developed the full activity with this niorcorgenism. However,
addition of these two factors to a simplified mediwm will not
increase the arginine ?ﬁzgm&zﬁxﬁa% production by E. gm U=
der the conditions studied by Gale (1946), although growth on
caseln digestwglucone mﬁm gives full ensyme activity. Ap~
18 required for production of full decar-
boxylase sctivity, tmt; the codecarboxylese variles with the

parently & coengyme

partisular m:?.aswwgmim to be studled. In all crses the cow
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desarboxylase has been present in the caselin digest«glucose
medimn, since full enzyme activity has been obtained when come
pared to the simple saltwglucose medium fortified with the vie
tamin B factors,

Gale and Eﬁ?a (i@&k) reported that the codechrboxylese is
distributed widely in nature, being found in bacteria, yeasts
and anxmai or p&ant'tiaauéaa

Gunsalus, E&&lgmyfan& Umbreit (19L4) QQShmlat@d thaet the
cosnzgyme of tyrosine decarboxylase 1s a phosphorylated derive
ative of pyridoxsl. Later Gunsalus; Umbrelt, Bellamy and
Poust (1945) described the preparation of a synthetle codew
parboxylase w&iah vielded full decarboxylase sctivity. This
preparation contained 6.2 per cent organic phosphorus, 32 per
eent pyridoxal snd about 50 per cent barium,.

Bellamy, Umbreit and Gunsalus (1945) presented data
which show that organisms capable of growing without vlitamin
Bg are able té synthesize codecarboxylase. The synthesis of
thaAcQ&acay%axgaasa gctivity was éhtainﬁﬁ on the casein digeste
glucose medium and not on the simple fortified medium de-

seribed by Bellamy and Gunsalus {(1944).
Blological Punctlon of Amino Acid Decarboxylases

Hanke and Koessler (192La) have suggested that bacteria
produce amines In an scid envirornment as "a protective mechanw
ism resorted ﬁ@ when the accurmlation of H lons within the or-

ganigmts yrnt@plaﬁm\ia incompatible with its normal 1ife pro=
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cesses," Oasle and Epps (1942) showed that when bacteria with
active amino acid decarboxylases are grown in an scid medium
there ig a constant shift of the pH toward neutrality. Thus,
production of decarboxylases under suech conditions maey be a
mechanism used by the ecells in attempting to neutralisge acld
conditlon within the cells egainst unfavorable changes which
may occur,. Such & mechanism would help enable the cells to
exlst in an environment which otherwise would be made unfavorw
able by the high acid content.

Using streptococci belonging to Lanceflield group D, Sharp
(1948) was able to measure tyrosine decarboxylasme setivity by
pH veriations, since formetion of the eamine caused a rise in
pH. Cultures possessing s strong tyrosine decarboxylase actiw
vity were able by tyramine formation to bring about a rise in
PR of as much as 2.5 wnibs,

It is thus sugpested by the sbove investigators that these
decarboxylase enzymes have no direet function during sotive
growth, but formatlon of the various degarboxylases by the
mieroorganisms is & means by which the cells are able to supre

vive under whalt otherwise would be adverse fcldic conditionsg,.
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EXPERIMENTAL

Methods

Cultures

Of the ten ecultures used; nine were selected from the
stock culture collegtion of the Dalry Industry Department, Iowa
State College. The remailning culture (Ps. viscosa) wes ob=
tained from the culture aalleétion of the Depertment of Dairy
Husbandry, ﬁni&armiﬁy of Migsourl. All ecultures chosen for
study possessed typical charvacteristics of the various species
end in all éaﬁﬂa rapld growing sﬁrﬁina were used. All stock
cultures were corried on tryptone~glucosewextract-milk agar
slants, wheress casamine acilds-glucose~phosphate medium was

used for all experimental btrials,

Determinetion of plate counts

Tryptone-glucose-extract-milk sger was used to pour plates
for standgvé plate counts (American Public Health Associstion,
1948). All pletes for enumeration of Ps. geruginose were ine
cubated at 37° C. for U48 hours, while all other specles were
counted after incubation for LB hours at 21° ¢,

Determination of

The pH determinations were made with a Beckman model G

pH

glaaﬁwaleaﬁrﬁaﬁ pﬂﬁ@nﬁi&Mﬁt&@,
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Selection of growth medium

Several preliminary trlals with certain test orgenisms
indicated that production of the enzyme isg greater on a more
complex mutrlent m@ﬁium than on & slmple synthetie medium cone
talning only the essentlal growth factors and specific sube

stratess The medium used for all Pseudomonas species cone

slsted of't
Casamine aclds (technlcal) 10 g.
Glucose 10 g.
Phosphate buffer (0.2 M, pH 6.0) 100 ml.
Digtilled waber 900 ml,

The medivm was dispersed in 100 ml. guantities and
sterilized in an sutoclave at 250° F, for 15 minutes.

The composiblon of the medium was derived from recom=-
mendabions of Burton, Bagles snd Campbell (1947) on amino
acids anﬁ‘ﬁn&inﬁmn {1932) on use of phosphate. Likewise, &
phosphetewcontalining caseln medium of the approximate compo=-
sition above was used by Gsle {1943) and Bellemy end Gunsalus
{1944)s The pH of the medium after sterilization ranged from
5436 to 5.65.

Preparetion of cell suspensions

The cells for experimental trials were propagated in casw
anino scids-glucose~phosphate medium for 2l hours at 18° C.
for all specles except Ps. aeruginoss, which was incubated at
37° ¢, for 2l hours. Fifty ml. of the medium was placed in

32=punce medicinal ovals, Inoculated and incubated in & horie
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zontal position, with the flat side down. The surface of the
medium for growth under these conditlons was approximately
8,5 X 18 em., with the depth of the 1iquid medium baing epe
proximately 3 mm.

The cells were harvested by centrifuging the Qh'haur
culture medium in an International type 8B trunnion~hesad
centrifuge opereted at 11,200 rpm. for 15«18 minutes. The
supernetant Tluild was decanted off, the remeining cells washed
twice by resuspending in 30 mls of saline and centrifuged as
with the original medium, The eells were prepared for finel
study by diluting with seline until a 1 to 100 dilution of the
prepared cells gove ¢ reading of 50 on ths Klett-Summerson
photeelectric colorimeter, unsing a No, 60 filter, This modie
fieation of the method of Priece (1947) gave & cell population
in the finel suspension of approximately 5,000,000,000 per ml.

The aﬁlmakian4af :} hmff&ﬁ was besged partially on the work
of Gale (1941) and on the fact that Pgeudomonas specles apw-
par%akly require phosphorus for normal growth and acbiviity.
Thus & 0.2 { phosphate buffer of pH 6,0 (Clark, 1928) was
chosen for all measuvements, A 0,02 Y phosphate buffer was
used for culturing purposes, since 1¢ was assumed that a more
concentrated phosphate medium would be detrimentsl to the
growth of the cells. The use of the 0.02 M phosphate bulfer
gave & KHpPOL concentration of 0.068 per cent, which 1s in
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close agreement with the 0,05 per cent phosphate requirement
for Pseudomonas as reported by Sullivan (1905) and Robinson
(1932),

Selection of substrates

The substrates used In the side arm of the Warburg

flasks were amino aclds which had been standardized to vari-
ous pil zevala‘wiﬁh sodlium hydroxide or lactic aeid. The sub-
strates selected were lLearginine, Leglutemic acidy L~histi«
diney Lelysine, Leornithine and Letyrosine. These smino acids
were reported by Gale (1943) as the only ones pessessing
structures which could be attecked by bacterisl decarboxyle
eses. The stock amino ecide were prepared as 0,067 M soluw
tions and the pH adjusted to 3,0 for L-arginine, L.0 for L=
glutemic ecld, 340 for I-histldine, 3.0 for L«lysine, 3,2 for
L=ornithine end 3,5 for L-tyrosine., The substrate concentra-
tion with the substrate~cell suspensionwbuffer in the reacw

tion flask was 0.011 M.

Decarboxylass measurements

The decarboxylese activity was measured by the amount of
carbon dioxide given off when cell suspensions were allowed
to react with specific amino acid ﬁubﬂtrﬂtﬁhiﬂ the Warburg
constantwvolume respirometer. The methods employed were those
described by Dixon (1943) and Hmbwaiﬁg Burris and Steuffer
(1949} The single side arm cell respiration flasks and man=
ometers were cellibrated using mercury, following the method



20

described by Umbrelb, Burris and Stauffer (1949).

The flasks used had a btobal volume of gpproximately 13
mle} héwava?, the conbtents during manomebric messurenents were
2,0 mnla of phosphate buffer {(pH 6.0}, 0.5 ml. of c¢ell suspen=
sion and 0.5 ml, of amino aclid substrate, gilving a total of
30 mls of reaction mizture.

Endogenocus carbon dloxide productlon was measured by sub-
stitubing 0.5 mls of ecidified dlstlilled water for the amino
acid in the side arm of the Warburg flask; No measurements
were deemed necessary for "bound carbon dioxide" due to the
reaction between the phosphate buffer and the carhnﬁ dioxide,
since the flask contents were held at a pH of 5.0 or below,.

The temperature of the water bath was maintained at
30#0,02° C. The sheker of the Werburg apparatus was ép@?&t@a
through a ﬁiaﬁam@a of I em. &t epproximstely 140 aﬁrﬁk@a\p@r
nimute. The flasks were sheken Tor 15 mimutes to allow for
sequllibretion, then the stopcocks were closed; thus atmospherw
ic air was used as the gas phase. Headings of the manometers
were moade at 5 minute intervals throughout the test perlod,
After tipping the contents of the gide amn, inbervel readings
were made for at lesst 1 hour and the dats reported gs micro=-

liters of carbon dioxlide liberated per hour.
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Results

The results reported in this study are baged on single
gtrains of ten Pseudomonas specles. Decarboxylase activiby
was determined on the followling speclesi Ps« frapgl, Ps.

fluorescens, Ps« pubtrefsciens, Ps. geruginosa, Ps. graveolens,

Ps. nucldolens, Ps. gysnogenes, Ps. gynxentha, Ps. lchthyosmia

and Ps. viscosas The strains used, where a preference could
be msde, were those which showed the most repld growth when

stresked on trypioge-glucose~exbract-milk agar,

Effect of specifie substrete on setivity of cells

The preliminary trisls with Fs. fragl indicated that ade-
quate growth ecould be cobtained with a 1 per cent ammonlum
phosphate~glucose medium. Heagsurement of the ahange'im.pﬁ durre
ing growth did not show s tr&n& toward neutrality, regardless
of the length of incubstion up to 42 hours. However, bhe addi-
tion of an emino ecld (histidine) to the smmonium seltw-glucose
medium caused s rise in pH, ss well as & slightly higher cell
gount after 2L hours of incubation. After these qualitative
neasurenents, more complete data were obtained by quantitative
methods,

The medie used for specific substrate trials were as fol~
lows: (&) 1 per cent NH) HpP0), 1 per cent glucose plus 0,1 per
cent liquid selt mixbture (salt mixbture consisted of 85,0 g.

Hgs0p, , Ouli ge F&ﬂﬁk and 1,2 g« MnCly per 100 ml. water), (b)
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0.5 per cent trypbone, 0.1 per cent glucose, 0.3 per cent
beef extract and 1.5 per cent agar and (c) 1 per cent casa=-
mino gelds, 1 per cent glucose and 0.068 per cent phosphate.
Each of the three media was made up in 100 ml. quantities,
sterilized at 250¢ P, for 1% minutes and 50 ml. portions dise
penged into 32-ounce bobttles. One 50 ml, portion of each
medium was fortiflied with 20 mg. of L-histidine. All mﬁdi&‘
were inoculated with 5 ml. of a 1 to 100 dilution of & cul-
ture of Ps« fragl. The medium aém%éim&n@ agar wes solidified
first and then inoculation was accomplished by flooding the
surface wilth the dilution of culbture. After incubation for
2L hours at 219 C., the harvesting of cells, preparabion of
aalllamapanaian and stenderdizetion of the aellleancaﬁﬁraw
tions were carried out &8 outlined in "Methods".

The standardized emll au&p&n&ians were tested for decar=-
b&xylaa@ sctivity ageinst histidine at pH L0 by Warburg man~
ometric techniques uaing flask volumes as described in "Hethw
ods". The reaction pH was not determined, since Gale (1940a)
reported bthe use of hisgtldine at pH 4.@ to be opblimum under
sinilar conditions for decarboxylase of this smino scid. The
gquantitative results obtained sre presented in Table 1.

The datas show that the decarbozxylase setivity is highest
in cells from the medis conteining the specific amino acld.
The ammonium salt-glucose medium falled to show any activity

unless fortified with the amino acld under study, although



Table 1

The effect of the specific substrate in the growth

medium wpon the decarbexylase activity of Pseudomonas

(L-histidine adjusted to pH L0 used in reaction {I1ASKE)

fragl cells,

[pedium + 200 mg. histidine/liter

‘ k;;?%’ of the Kleti~Summerson %ﬁ
Growth media % media reading of the liberated
I8l [ Final suspended cells {plo/nre)
Jﬁﬂhl%zmh ~glucose medium Sa53 5455 L7 | 0
H) HyPO) ~glucose medium + 5.55 | L6 h3 b1
200 mg. histidine/liter
Tryptose-glucose-extract agar 5.51 -2 50 3
[ryptose~glucose-extract agar + 554 -2 51 13
200 mg. histidine/liter
ssamino acids-glucose-phosphate SehT h.60 51 32
meaiun
Casaming acids-glucose-phosphate 556 L.66 | 50 34

apH of the agar not determined.

€2
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there was &n adequabe growth of cells on this basel medium,
The cesamino acids~glucose~phosphate medium, when fortified
with the histidine, produced the highest histidine decarboxyle
ase activity. However, the increased amount of activity pro~-
duced by Psg. fregl on the fortified casamino acids medium when
compared to the unfortilfied medlium does not apyaar great enough
to justify addition of the specifie decarboxylase substrate.
Apparently the basal casaminoe sclds~glucosgesphosphete medium
eontains enough of the specific amino scld for the production
of the ﬁ@narh@xylaa@;

Since the decarboxylase activity was highest for Ps.
fragl when grown on the casamino acidaw-glucose~phosphate medls
um, this medium also was used for the other speciles subsequent=
ly studied,

The enzyme was not produced unless the specific amino
aeld was present in the growth wmedium, thus indleating that the

decarboxylase mechanlism is adaptive in nature.

Effect of verious acl
getiviby

| When Ps. frapgl cells were found to possess good enzZyme
aativity for histidine at pH 1,0, the question arcge as to
whether the cerbon dioxide liberated was due to action of the
decarboxylase or to the acid used for adjusting the pH., HNane

onetric measurements were made where approximabely 0.02 M
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lactic aﬁ&:phaapheria acid solutions adjusted at the various
pH levels were substituted for the smino aeld substrates.

The Ps+ fragl cells used were grown on casamino acidseglucose-
phesphate medium for 2l hours at 21° C. The cells were hare
vesbed and suspenslons for testing were made according to
"Mothodsa".

- The results prssented in Table 2 clearly indicete thet
the changes in manometric pressures were not due to presence
of lactlec or phosphoric acids and that the activity previouse
iy mensured must have been due to the action of the decar~
boxylase on the amino scid substrate in the Warburg flasks.,

For further proof that the gas lihﬁratéd was carbon diw
oxide, trials as shown in Table 3 were repeated, except that
0s2 mls of 10 per cent KOH was placed in the center well of
the pesction flasks. Under these conditions there was no
measurable libersation of gas, indlcating that the gas was sbw
sorbed by the added base. Thus 1t was concluded that the gas
liverated was carbon dioxlde and the presence of such was dus
to the action of the decerboxylase produced by bacteria,

However, results with lactic and phosphoric acids as
shown in Teble 2 did not give & measure of the desirability
of one aecld Gvév the other for adjusting the pHl of the emino
acld substrates. Following the sbove procedures with Pg,.
;§g§&§ cell suspension, measurements were repeated using lactie

and phosphoric aclds for adjusting the pH of the histidine,
| Table 3 shows the amcunts of carbon éiwxiﬁa liberated from



Table 2

The effect of laétie and ?hcsphﬂrie gcids on

carbon dioxide liberation in the presence of Pseudomonas fragi cells.
(0.2 ¥ phosphate buffer used in reaction Ilasks)

Trial 1 Trial 2

; ‘ - Gas Gas
Acids used v of reaction liberated® of reaction liberated®
Initial | Final (l./0r.) 1 %ﬁ‘ﬁr‘ “Final | {ed./hre)

Lactie acid 2.61 2.69 2 2.5 2.73 3

3.20 3.18 -20 3.15 3.16 1

3.72 3.67 =l 3.60 3.62 1

L.03 L.o5 1 L.03 L.o7 2

Phosphoric acid 2.n 2.88 | L 2.70 2.80 2

L.23 k.30 2 h.30 L.h2 -1°

Sa 6@ 5053 1l 5'59 5*52 -2

5.60 5.58 ) 5.52 5.60 5P

Ao amino acid used in the reaction flasks, Resulits corrected for thermobarometer.

hﬁegativa results obtained, indicating oxygen uptake.

GLaberato:y accident.

9¢



Table 3

, The effect of lactic and phosphoric acids used for adjusiing the pH
of histidine on the rate of carbon dioxide liberated by Pseudomonas fraai cells.
- (0.067 ¥ Histidine used in side arm and 0.27¥ phosphate
- buffer used in reaction f{lasks)

, pH of ' €0y
Acids used | histidine oH of reaction liberated®

) used ) i@i ’ gﬁllﬁ : (/A:Z-oﬁi? » )
ILactic aeid ‘ 20 2 - é@ : 24 52 79
3.0 3.56 3.60 90
3.5 3.92 lb 05 76
Phosphoric acid | ‘2:. 0 2.99 3.12 88
~5 5,31 Seh7 58
) &oﬂ 5 mB? 5 a ?9 55
L5 5.37 5.72 , 36

8Rssults corrected for thermobarometer.

L2
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Table 4

The effect of the age of culture upon the deearboxylase activity of Psendomonas fragi cells.
~ {0.067 ¥ Glutamic acid and histidine adjusted to pH L.O.
A1l cells grown on casaminoe acids-glucose-phosphate medium. )

FHours of | ~ Gell concentration
incubation | Standard (KletteSummerson) | O0p liberated (ul./hr.)
at 21° ¢. | plate count® Finad nit [ &djusted | Glutamic acid | Histidine|
, Trial 1. . ,
1B | 130,000 .25 | 5.0 7 - -0 -
2k 16,000,000 De25 159 55 . 50 33 53
30 21,000,000 Te25 L.33 59 51 18 7
36 19,000,000 525 ha30 58 50 11 21
L2 16,000,000 | 5.25 ho37 | 62 - 51 L 21
18 320,000 g, | 58 | b = -° N
2k 11,000,000 525 L85 | 50 - 50 L
30 15,000,000 5425 L.65 &L 50 17 38
36 17,000,000 ©.25 L.2h &y .81 16 29
L2 15,000,000 5,25 | L5 3 L8 L 20
‘ , ' ' , — Trial 3
18 580,000 5.56 | 5.34 I - - -C
2k 113,000,000 5.56 | 3.90 63 - 50 33 67
30 17,000,000 5.56 | L.50 6 50 20 58
3 17,000,000 | 5.56 | L.81 6k L9 18 WL
142 18,000,000 5.56 L.70 72 50 16 h3

8pay ml. of broth culture. :
eading when totel cell population was diluted to L wl. with saline.
CInsufficient cells hervested to make a determination.

62
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shows that the stationary growbh phase of Ps. fyregl hed been
reached, The decline in carbon dloxide liberated for the
same best period indicated that decarboxylase asctivity appare
ently is greatest near the end of the 1¢gar&thmia growth
phase,

LEffect of incubation tempersture on decarboxylsse sctivity

Temperature is known to have a marked effect on the
growth rate of bacteriay therefore, 1t is to be @xpaéteﬂ that
the temperature et which the culture is grown likewise will
affect the aetlivity of the eells. Previous trisls with Psg.
fragl were mede st 219 C,.4 the pveporbted opbimum growth temperw
ature, and a decarboxylase activity for histidine and glubame
ic acid was shown. IHowever, all of the Pgeudomonas species
to be studled do not have the same temperature requirement for
optimum growth. Therefore, in crder to study thls problem of
the effect of temperature on the cell activity, Ps. fragl and
Ps. meruginosa which have optimun growth temperatures of 21
and 37° Ce, respectively, were selected. The temperatures
seleected were 15, 18, 21 and 249 C. for Ps. fragl and 25, 30,
37 and 45° €. for Ps. geruginoss. Casamino acids~glucosew
phesphate medium was Inoculated with Pg. fragl or Ps. gerugie-

nosa and incubated at the different temperabures for 2l hours.

The cells were harvested, washed, resuspended and standardized
gecopding to "Methods"., The resulbts for the various bemperaw

tupres studied are presented in Table 5,



Table 5

The effect of growth temperature upon the decarboxylase
ﬁ?aéi and Pgeudomonas aeruginosa cells.

activity of Pseudomonas

(0,067 ¥ Histidine and

g B

tamic acid adjusted Lo DH L.0)

Cell concentration

Ineubation pH of the -

Organism tempersture owth media {Klett~Summerson) €0p liberated (wl./hr.)

og2 Initial | Fir Initiald |Adjusted | Histidine | Ciutamic acid |
Ps. frag 15 5456 5.19 48 48 37 23
‘T@m"f% 18 5.56 L.66 53 50 82 34

21 5+56 1180 63 51 60 26

2L 5.56 L.59 60 50 55 15
Ps. fragi 15 556 S.0k L Lk e 18
“(?r*“fg?:«.a 3] 18 Se56 LS9 61 50 70 26

21 5.56 | L33 89 50 63 26

2L ' 5.56 .37 3 50 52 18
Ps. aeruginosa 25 .65 6.01 52 50 63 61
"{%r"i‘%ia' Y 30 5eb5 6.10 56 50 77 €&

37 .65 | 6.50 61 51 8 85

LS 565 6.32 L7 L7 61 L7
Pg, aepuginosa 25 ' 5.65 16,08 L9 hg 65 €6
{rrial ? 30 5.65 .22 59 51 85 72

37 5.65 6.37 S S1 89 78

5 565 £.30 sh 50 58 sh

8411 cultures incubated for 2l hours in casamino acid-glucose-phosphate medium.

bReading when total cell population was diluted to ki ml. with saline.

T€
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In trial 1, the highest activity oceccurred for those cells
of Ps. fregi incubated at 18° C., In trilal 2, histidine showe
ed the highest activity at 18° C., but glutamic acid activity
was equal at 18 and 21° C. In averaging the two trilals,
there would be & small difference between the two btemperaw
tures in favor of the 18% C. incubation, PFurther exemination
of the date ghows that at the time of harvest, & higher cell
population occurred at 21° and 24° C. than at 18° ¢,y indicete-
ing that aﬁa&ﬁbaxy&aﬁﬁ production is not entirely dependent
on number of cells butb alau'dapands upon other factors. For
an explanation of why higher activity occurred with Ps. fragl
cells grown et 18° C,, rather than at the optimum of 21° C.,
Gele (1946) states that certeain growth temperatures may act
g8 an inhibitor for the production of the emino aecid decar
boxylages.

The results show that the optimum temperature for the
production of decarboxylase activity by Ps. seruginosa is 37°
Cs Maximum sctivity as well as maximum cell population oce
curred at the same tempersture, This temperature effect on
production of amino ecid decerboxylases apparently ls chersc~
teristie of the organism rather than of the enzyme, as shown

by the above two organisms,

Effect of buffer composition on the motivity of the decar-

boxyleses
All preliminary triesls on specific substrate, adjustment

of pH of the reaction mixture, variation in temperature and
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length of incubstion were carried out by using cells which
were grown in a mediunm containing a phosphate buffer originale
1y at pH 6.0 (Clark, 1928). To determine the effect of the
buffer composlition on growth of the organism and production of
decarboxylase, three lots of casamlno acidsw-gluccasewphosphate
medium were made asccording to "Methods", except that & differw
ent buffer was used in each medium., The buffers used were

0.2 g,ciark and Lubs phosphate (Clark, 1928}, 0.2 ¥ Clark and
Lubs phthalate (Clark, 1928) and MeIlvaine citrate~phosphate
(Hodgman, 1949), all st pH 6.0, The 0.2 M buffers were added
‘8t the rete of 100 ml. per 900 ml., of distilled water, thus
making a 0,02 ﬁ;buffar concentration in the Cinal medium, The
various media and controls were inoculated with Pg. fragi and
incubated at 18° C. for 2l hours. After incubation the cells
were prepared for measurement of the decarboxylase activity
‘a8 described in "Methods". The results for decarboxylase acw-
tivity on histidine and glutemic meid are reported in Table 6.

The three medls containing the different buffers gave

higher activity than the controlsj however, the smount of cells
hervested from the control was smeller, so that 1f the same
quantity of cells were used, the difference in enzyme sctivity
prahably‘wouié'have been very small. The cells grown in the
presence of phosphate buffer gave the higher histidine decarw
boxylase value, The results on glutamic acid were slightly
higher when the cliirate~phosphate buffer was used, but the dife

ference was not as great as with histidine. Another factor



Table 6

The effect of buffer composition in the growbth medium upon the
rate of eell growth and production of decarboxylases by Pseudomonas fragi.
(0.067 ¥ Histidine and glutamic acid adjusted to pH LeD)

pH of the Klett-Summerson ; i d ‘
routh medi reading of the _fﬂ‘z iiberafsd (;fl.ﬂn'.}
] ina] initial cells Histidine | Clutamic acid

Buffer ugsed®

Clark and Lubs phosphate 5.27 | L7 50 18
Clark and Lubs phthalate 5.31 1065 48 30 10
¥ellvaine citrate-phosphate S.6h 60 L2 31 22
Control {no buffer used) 5.00 Lo 3 16
- ‘ ‘ . Trial 2 ;
Clark and Lubs phosphate 5425 L.90 L9 53 19
Clark and Lubs phthalate 5.3k L.93 Is 29 13
¥ellvaine citrate-phosphate 5.50 5«20 L8 3k 19
Control (no buffer used) - 5.0 La71 Lo 28 16

8411 buffers of pH 6.0 used in casamino acid~gluccse medium.

e



~uBTY oug ‘TTe® ouz Jo u3moad Fupanp pd oUF IOMOT ouj SITWIT UT

~Y3TH 9BYT UmoUR S8M 3T *(oN6T) oT®p Aq MeTAed @ Ul *A3TAT30®

swizue JoudTy QUL DPOJIOABI UOTUM BUOTATPUCD peonpoad Lyqeqoad yd

JOMOT STU3 OWI3 OWes Y3 3y  *UIMoaTd DeEmesout eyl 03 onp ueeq
sawt] Lew yorTum ‘aomol sen umipow eguyudsoyd eun Jo yd oug

sygmoad Butanp snaoudsoud Jo o0 oUg 59838 j0uU

PIPD w@aﬁxsﬁ agoyg ‘aoaemoy feTlev eoyy Jo uoiiouny uwnwrado a0

egvydsoud pearnbea uiondes *EF f(Lh6T) Tieadusp pus seTdey
fuogang o3 Burpaoeody sgufzusco pegeiisoydsoyd sysz ewIseusy

~ufs 07 sweTueBIooaOTU OUF JOJ OTGBIOABT SJOW SUOTITPUOD pejues
~gad asging egevudsoyd eyy IuTurvliuesd wmTpemw oyy 4wy oq Lvw 37T
*£3TAT908 egvTfxoqaeoep eurscaly doJ peatnbea swm ¢ Texoppald

Jo satgeataep peqwtfaoudsoyd v Jo Bupgersuos fousTiXoqaudspod

B8 geug pegess (fheT) #wa&&ﬁm pus Lmeiteg aWﬁﬁamaﬁ@ *go1oeds

§PTOUODNORy UTEqJe0 JO welToqegew oyg ut egeudsoud jo eloa oul
o3 onp eq Leswr uotgerndod TTeo ug 98BOIDUT JUITTR 8Ty, *sanoy
12 Jo pus aug 3w uwopserndod Treo geefamy ouj pw¥y 08B 3ng
f£9T4T908 OSTAXOQIBRED SUTPIISTY 4s5eu?Iy ouy o483 Afuo gou
aeyinq egeydsoud eyy *SaeJIng J0U30 oU3 YLTA 58 pd oyz JIemMOT
pInoM UYOTUM SUOTRTPUed peonpoad 8Awy jou Lvuw UIMOJE JI9mMOTs AT
«~qUudTTs esnwoeq %cwawkggaﬁg ous Aq peonpoud sgonpoad opTogBLOW
aeutede 083 Jye Furasiing g4e380a3 v u@ww&&a&@ Jegjnq egwydsoyd
~848:I3T0 9UY esnedeq ogq pPINOS 87Uy ‘uimoad Furanp yd TeUrF pus
TYTSTUT 9U3 USSMQSQ UOCTIBIJIEA JO juroms $SaTTowe oUj pBY J8J

-Jng aguydsoyde-oqeantd oug 3wvug €1 sdumgaodwy Jo oq Lewr ydTUM

=13



16

er the decarboxylase activity produced. In general the cells
grown in the presence of phosphate had s higher decarboxylase
activity as well ms the largest population. DBased upon these
considerations, the phosphate buffer (Clark, 1928) was adopted

for inclusion In the culture medium for all further trials.

Since differences in ee&k population and decarboxylase
activity were influenced by ‘the various buffers in the grwwﬁh
medla, trials were made to determine 1f the ﬁuffaw ﬁampaaitiqn
could have mdditional effect on the decarboxylase activity in
the Varburg resction flasks, The reactlon flasks contained
240 ml‘}af the buffar to be tested, 0.5 ml, of cell suspension
of Pg. fragl (prepared according to "Methods") and 0.5 ml. of
Lﬂhistiéiﬁa or ﬁwgiuﬁﬁmiﬁ acid at pH L.0 in the side arm. The
buffers tested were Clark and ILubs phosphate (Clark, 1928),
Clark and Iubs phthalate (Clark, 1920) and Mellvaine citrate~
phosphate (Hodgmen, 1949)+ The results obtalned are praséntad
in Teble 7. -

The earbon dloxide llberated in the pfﬂsanca of the vari-
ous buffers was highest for the phosphate buffer of pH 6.0,
while the phthalate gave results slightly lower and»tha clw
trate~phosphate gave the lowest response. Also 1t should be
noted that the phosphaete bulffer had the lowest final pl, while
the ecitrate-phosphate had the highest, This may be the expla-

nation for the lower sctivity obtalned when using the citrate-



Teble 7

The effect of buffer composition in the
reaction mixture upon the decarboxylase wmvity of Pseudomonas f&-aﬁ

(L-histidine adjusted to pH L.0. 2
cell suspension used was 49)

Klottes

mmerson reading on

- N €0y 1liberated
Buffer used pH of » n%% af r@asﬁmz from histidine
L buffer i nal l./or,)
—— ‘ , risl 1
Clark and Lubs ;}hasz;haté 6,0 5403 5,34 ho
Clark and Iubs phthalate 6.0 ekl 5.60 32
¥cIlvaine citrate-phosphate| 6.0 562 5.76 28
4 — _Trial 2
Clark and Iubs phosphate £.0 5,10 5.28 44
Clark and Iubs phthalate 6,0 3.l 5.5k 35
¥Mellvaine citrate~phosphate| 6.0 554 5.66 3k

LE
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phosphatse buffer, since the activity of the decarboxylase
soems to be highest in the lower pH ranges The &acarbaxylaaa
activity with the phosphate buffer apparently is higher be~
cause of the lower pH during the reaction. Thus it sppears
that the other two buffers produce a slightly inhibltory ef=-
feect which may be caused by the higher pH resulting from

thelr greater buffering ability.

In the previous temperasbure and time studies, hiatidina
end glutamic acid solutions werse édjusﬁﬁﬁ to pH .0 as recome
mended byvéala‘(l9u0a, 1940b)« However, in certain triaia
where the pH of reactlon was lower, higher enzyme activity re-
sulted, indicating that the pH of the reactlon undoubbedly is
more important then the initial pH of the amino acid.

The various amino acids were tested, using different spe-

cles of Pgeudomonas to determine the different daaarbaxylaaa$
| which may be produced. All six smino acids in the preliminary
triels were adjusted to pH L0 for ﬁasting‘purpmgaso The ore
genlsm that produced the highest dsaarﬁaxy&aﬁe activity for
amino scids at pH 4.0 was chosen for a move complete investiw
gatiém of the effect of the pH on the amount of decarboxylase
sctivity. These orgenismg were grown in the ¢casamino acidam
giuaaaawphmﬁphate mﬁdium and the cells harvested and resuspend=-
ed as in "Methods". The reaction flasks contsined 240 ml, of
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0«2 M phosphate buffer and 0.5 ml, of the cell suspension. To
the reactlon flask side arm wes added 0.5 ml, of the adjusted
aminge acld solution. The pH of the six amino acld substrate
solutions used was adjusted w&thiﬁAa renge of 2 to 5, using
0.5 unit subdivisions. BHowever, the pH range of 2 to 5 proved
to be too great for determining the decarboxylase activity for
ornithine snd tyrosine. For these two emino acids, additional
triasls were made and higher enzyme sctivities were obtained
when the pH was adjusted within a range of 3.0 to L0, using
Cv2 unit subdivisions. Pg. fregl was used for measurement of
the histidine and glutemic acid decarboxylase activitiles; Pss
goruglinoss fer‘lyéina, arginine and ornithine; and Ps. viscosa
for tyroaine., The Ps. fragi end Pg. viscose orgenisms were

grown at 18° C. and the Ps. geruginosa cultured at 37° G, for
2l hours. The results obtained from a representative trial
for each amino acid are presented in Tables 8, 9 and 10,

The highest decarboxylase activity for histldine was obe
talned with an initial reaction pH of 3,21 and the resulting
final pH of 3.35. However, good histidine decarboxylase ace
tivity was obtained over & mmeh wider reaction range, include-
ing pH 2.5 to 3.8. A resction of pH l1.7 or above caused conw
gsldereble deerease in enzyme asctivity.

The optimum activity for glutamiec scld was found to be at

pH 4.0, A pHabove 5.0 or one as low as 3,3 was not conducive



The effect of pH of the reaction
mixture upon the rate of decarboxylation by Pseudomonas fra
{Phosphate buffer at pH 6.0 used in the reaction 1las:

Table 8

pH of ﬁﬁﬁ
Amino acid used amino aeid H of resction liberated
solution | THETAT | PrmaT | (ulofire)
Histidine 2.0 2.53 2.61 €0
: 2.5 2.73 2.86 62
3.0 3.21 3.35 &8
o ¢ "h.éa LkeT2 35
b5 Be22 5.28 27
Glutamic acid 245 2.68 2.75 o
| 3.0 3.25 3.30 L
- hag ’ 3»95 l&%lﬂ i&?
5.0 5.18 523 3

oY



Table §

The effect of pH of the
reaction mixbure upon the rate of decarboxylation by Pseudomonas aserupinosa.
(Fhosphate buffer of pH 6.0 used in the reaction [1asks)

‘ pH ef ,

Amino acid used amine acid | H of reaction liberation
o solution Ttial | Final | {ul./hr.)

Arginine : 2.0 2.89 2.96 22

3{:3 3*?3 ’ 3*7?9 62

305 .9 6.0 ‘ 25

L0 6.37 6.l 0

L. 6.5 6,16 o

2.5 3.10 3.22 60

3.0 : 3.7TL 3.84 8h

3.5 L1k 420 51

L5 6434 6.32 0

™




Table 10

The effect of pH of the reaction mixture upon the rate of decarboxylation
of ornithine and tyrosine by Pseudomonas seruginosa and Peseudomonas viscosa, respecti?el?.
(Phosphate bufler of pl 6.0 used in the reaction {1asks)

pH of B

Amine acid used amino acid pH of reaction } liberastion

- | | solutien [ Tmitial | Fimal | (ul./hr,) |

Ornithine 3.0 3.60 3.66 37
' : 3‘2 | he22 | k30 L8
3. , 5.65 5.?2 10
3.8 6405 6.10 | 3
- ka0 | 6.22 6,23 0
Tyrosine , 3. Lol h.21 26
, 33 he2l | L.hO 30
3.6 Lo62 L8k 19
3.8 , 5.85 S.90 2
ha0O : 5.91 6,02 0
L.2 ‘ 6,08 6.23 0

e
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to strong decarboxylase setivity. Activity on glutemiec acid
seems to be far more sensitive to the various pi levels than
does sebivibty of histidine decarboxylaese. Apparently certain
acld concentrations bring sbout a slightly inhibitory effect
for glutamic ecld decarboxylase.

@wﬁ optimun pH's for ectivity on arginine and lysine are
slmost w&aﬁﬁwawyw both being within the range of 3.70 to 3.85.
It possibly is significant that the smount of decarboxylase
sctivity was epproximately 25 pesr cent greater for lysine
than for arginine, even though the final pH levels of the two
reactions were the same. This would indicate that under the

conditions of these trlals, Ps. geruginoss was capsable of

mﬁﬁﬁwmﬁ lysine decarboxylase production, possibly through the
adaption of the cells belng stimulated by greater concentraw

tions of lysine than arginine in the basal medium. Below pH

wm Y aaﬁ&w@@aw@ww decline in lysine or aﬁ&wﬁpﬁw decarboxylase
ﬂgnww#waw wes apperent. Lysine decarboxylase activity was

' somewhat more sensitive to reactions of pH 5.6 snd above than
was the arginine decarboxylase.

The ornithine decarboxylese was most active at about
e25, The optimum pH for ornithine could be slightly lower
then the L..25 shown in Table 10, because data between pH's
3.6 and L2 were not obtained and decarboxylase sctivity was
strong at pH 3,6+ However, additional trisls with ornithine

ad justed to lower pH levels failed to show greater decarboxyl-
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age activity then was shown at pH L.25 in Teble 10. There
was no apprecisble sctivity when the pH of the ornithine rew
action mixture was above 6.0

Ps+ viscosn ﬁaa the only s?aai@s exanined which produced
& decarboxylase capable of attacking tyrosine, The tyrosine
activity produced by thise arganism under these experimental
conditions was the smallest total enzyme activity value found
for any af the six amino acids studied. The pH of thﬂ‘sub*
strate had to be adjusted to a very low level to obtain low
pH levels in the resction mixture. As noted in Table 10, the
highest enzyme activliby cccurred when the pH of the reactlon
was between 4,21 and L.,03 however, the pH of the tyrosine
used in the side arm was 3«5« It should be observed that the
pH subdivisions for the tyrosine were close, yet the pH of the
reaction was much wider because of poor buffering of the tyro-
sine as compared to phosphate in this renge. Previous investe
igations by Gale (1940b, 1946) with 8. faecalis cultures pro-
duecing very strong tyrosine decerboxylase activity indlcate
that the rate of engyme reaction st pH 6,0 was meny times less
then at pH 5,0. In discussing glutamiec acid decarboxylase ace
tivity, Gale (1940a) stated that pH 5,0 was the upper limit of
reaction and that any pH higher then 5,0 was insufficiently
acid for the enzyme reaction to teke place,

Based on the representative data in Tables 8, 9, and 10,

the smino acld decarboxylases of several specles were found to



45
be optinmally active at the following pH levelst: Learginine,
3753 L-glutamic aclid, 4,03 Lehistidine, 3.25) Lelysine,
34753 Leornithine, L.25 and Letyrosine, lL.25.

Decarboxylase production by the various Pgeudomonas species

Many factors affecting enzyme production have been testw
ed and certain conditlons for high decarboxylase activity
have been established. Using these conditions, the Pseudomone
as specles were tested to determine thelr ability to produce
the different decarboxylaseés. When the enzymes wers found to
be produced by the different species, additional trials were
made to measure the smount of enzyme actlvity egainst each of
the six smino acids,

The experimental conditions employed in this series of
trisls were as follows: (a) Casamino acidse-glucose-phosphate
mediun was used, (b) all cultures were incubated at 18° C.,
with the exception of Ps. geruginosas, which wes incubated at
37° Cu, (¢) incubstion period was 2l hours, (d) the harvest-
ing, resuspending and standsprdization of the cells were carrie-
ed out as described in "Methods", (e) the constituents of the
Werburg flasks conslsted of 2,0 mls of 0.2 M phosphate buffer
of pH 6.0 {¢1ark, 1928), 045 ml, of ¢ell suspension and 0,5 |
ml, of the amino ascld substrate in the side arm and (') manoe
mﬁtrﬁa messurements were made at 309 O, and readings taken st

5 minute intervals for & period of one hour after tipping.
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The 0,067 M amino acld solutions were adjusted with lactic
acid so that the resulting pH levels of the reaction mixtures
were for the most part within %h@‘ﬁéﬁga found to be optimum
for deearboxylase activity. The results obtained for arginine
decarboxylase activity are shown in Table 1l.

The various Pgeudomonas species studled for arginine de-
carboxylase could be divided into those with relatively high
activity, those with low setivity and those which showed no
activity, Based on the average volume of carbon dioxide lib~

erated, Ps. peruginoss and Ps. viscoss were capable of prow

dueing high decarboxylase activity, while Ps. fr&gi, Eg. mue

gidolens and Pg., lchthyosmie were very low producers of this

‘enzyme. The other Iive species were not cepable of producing
measurable quantities of an enzyme which could decarboxylate
srginine.

In all cases the growth of each specles was sdequate or
at least the cell counts were compsarsble. Thus 1t would seenm
that the live ap@aiaauwhich dié not show arginine decarboxyl=
ase activity under the conditions of these trisls, were not
capable of adapting thelr metabolic processes to produece the
spegific enzyme, The achbivity for the most part was higher
for the second triasl then for the first.

Greater changes oscurred between the initisl and finel
reaction pH of the highly active speciles than with the other
two groups. The difference between the pH shifts of the low



Table 11

The ability of some Pseudomonas
species to produce Learginine decarboxylase.
(L=arginine solution adjusted to pH 3.0)

Trial 1 » , Trisl 2 \
€Oy €0y Average
Organisms oH of reaction | liberated B of reaction | liberated CO,
‘ TRt | il (la/tre) “'fémt [Final | (u1./hr.) ubzfmea

%3&%@5&3 Praci - 3:\&2 ' 3*2&3 8 ' Ohg 3»55 1& 12
| Tiuorescens. 3.42 3.50 o 3‘14!4 3.55 0 0
3.58 3.98 W1 3.97 1106 68 5L

3.4l 3.h5 0 346 3.8 0 0

3.5 3.47 13 3.h6 3.46 20 16

3.h2 3.50 o 3.2 | 3.56 0 0

3.40 3.56 0 346 3.h5 0 0

3.hk 3.48 16 3,%4@» 3.55 18 17

3.6 3.72 63 3.h2 3.76 g7 60

L
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aotlivity species and those which were insctive was not of cone
sequences in fact, in some cases the variation was larger In
the inactive group. The initlal pH of Ps. geruginose cells was
mich higher than the others, which probably was due to the
higher pH of the cells during growth,

The results of the tests for glubamic acid decarboxylase
activity of the Pseudomones species are given in Table 12« The
numh&r of specles active &g&inﬂﬁ glutemic scid is much smaller
than with the srginine decarboxylase, only three specles being
cepable of producing this enzyme. The amount of decarboxylase
activity produced by Ps. fragl, Ps. putrefaciens and Pg. aeru~

ginoga was much more uniform hebween active strains as well as
between the two trisls than in the case of arginine decarboxyle
ase. |
For all spec¢les producing glubtamie acid decarboxylase,
the variation between the initiasl and final pH was gquite gmsll
and uniform. However, an upward trend in pH was present for
those possessing the decarboxylase sctivity. Sinee the pH for
these species not producing the engyme was within the same
range gs for those possessing activity, 1t was probable that
these seven species were not capable of adapting to produce
an enzyme for glutamic acid.
The results obltalned for the histidine decerboxylose sc~
tivity ave ghown in Table 13+ The nuwber of specles possessing

an enzyme gctive on histidine is greater than for sither argle



species to produce leglutamic ac

Table 12

The ability of some P&es

lecar rlase.

(L-glutamc acid solution adjusted to pﬁ Le0)

 Trial 1

Trial 2

Organisms 02 €2 Average

pH of reaction | liberated H of reaction | liberated Co,

Initial [T (ml./hr.) nitial | Final | {ul./hr.) | liberated
Paeudomonas fragi .27 ?4"59 51 L.08 he22 38 Ik
norescens h.32 L.38 0 Lok 11,18 o 0
putrelaciens L3k holis 12 L.12 ha26 22 17
'm‘ﬁ@v%%&“s k.38 1t 70 0 130 453 0 0
mcl Qlﬁ‘ﬁﬁ halé hsl? O han} 2&&331 4] o
nth L.2B h.38 0 k.32 Li.26 0 0
chihyosmia h.33 L.50 o .28 .18 o} 0
?1369&3 li ¢36 th.? 0 h‘ gh 3%-0 iiz 0 0




Table 13

The abili’ty of som
species to produce Lwhist dine decarbo
fLwhism,dme solution adjusted te pH 3.0)

Xylaze.

Trial 1

Trial 2 -

Organisms | o2 - % Average

Pl of reaction | liberated | pH of reaction | liberated 0z
'EEM al | Final | ,(,ul,fhr.},“fg‘?fif"mv - | Final | (ul./hr.) liberated

Pgeudomonas fragi 3.73 3.88 &7 3.7h 3.98 58 63

fluorescens 3.76 | 3.81 0 3.02 3.50 0 o

putrefaciens| 3.78 3.76 0 3460 3.67 -0 0

ieruginos .38 Ldi7 | Lk o2 | L3k 60 52

3.72 | 3.80 6 3.70 | 3.7 I 5

3.80. | k.30 8 372 | 3.92 6 ?

3.70. | 3.82 0 3.88 | 3.9 0 0

3.68 | 372 | 13 3.7k | 3.80 | 17 15

3.76 | 3.7 0 3488 | 3.92 0 0

3.52 | 3.62 36 3.70 | 3.81 35 35

05
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nine or glutemic seld., Ps. fragi, Fs. geruginose and Pg. vige
cosa all show strong production of decarboxylase, while Ps.

greveolens, Ps. mucidolens and Ps. synxentha produce smaller

amounts of the enzyme. The other four species did not produce
nmeasurable amounts of ecarbon dioxide; therefore, these apecles
are ﬁﬁnsid@r@& ngt capable of histidine decarboxylase produc-
tion, at least under the conditlons employed.

The results of Epps (1945) suggested that a ecodecarboxyl=
ase was not necessary for L{-)histidine decarboxylase produced

by €1l. welehil (perfringens) Ty@a A, 1If this suggestion were

true for the Pseudomonasg, then this may be a pertisl explana-
tlon for the lerge number of specles possesgsing histidine ac~
tivity, | |

The pH change is rather uniform for 211 species with the
exception of Ps. seruginose, Wh@%h@%/ﬁh@ cells possess decarw
boxylase acbivity or not.

The results obiained for the lysine decarboxylase actlvity

of the various Pseudomonas species are presented in Table 1l,

The lysine decarboxylase asctivity level 1z much more variable
thean for those enzymes reported sbove. FPs. seruginosa produces
& much &ighér activity on lysine than the other speclesj sglso
the activity is considersbly hipher than veported for the other
amino aaid daaarha#ylaaaag Ps. viscosg 1s the only other spew
cles showing & high 1y31né:&e¢avbmxylaﬂ@ aetivity, while Pa.
fragl, Ps. graveolens, Pz, mucldolens and Ps. gyanogenes all



Table 14

The ability of some Pseundomonas
species to produce l-lysine decarboxylase.
{I~lysine solution adjusted to pH 3.0)

_ Triall _ Trisl 2

Organisms G0y G0y Average

__fp‘:‘i of reaction liverated H of reaction | liberated €0

nitial | Final | (wl./hr.) ‘T%‘T’I‘ nitial | Final | (inl./br.) | liberated|
Psendomonas fragi 3.32 3.1 12 3.3 3.38 7 9
Tluorescens 3.36 3.2 o 3.30 3.0 0 0
ino: 3.66 | 3.8 98 3.65 | 3.80 82 90
3.40 3.46 13 3.32 3.140 11 12
3.3h 3.h2 1 3.30 3.47 b i1 U
3.5 3.75 28 3.50 | 3.82 30 29
3.40 3.h2 0 3.0 3.hk 0 0
3.hh 3 0 3.k2 3.40 0 0
3.18 3.70 61 3.4k 3.84 68 &l
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possess & wesk lysine decarboxylase activity. The four other
species falled to show the presence of the enzyne.

The reanction for the Pgeudomonas species active on lysine
was within a renge of pH 34 to 3.7+ In lysine decarboxylase
activity, the pH of the reaction mixture apparently does not
follow the same pattern as found with the pH of thﬁ gr0wth
medium} lower pﬁ’ﬁuving growth is assocleted with the higher
engyme acbivity. For those orgenisms showing strong lysine
decarboxylase activity, the wﬁlatmvaly‘higﬁ finel pH is not
due altogether to the higher resctlon pH level but also pose
s8ibly to the high enzyme activity liberating the amine and
causing a shift upward in the final pH.

Gale and Epps (194}) reported that Ps., seruginosa was one
of the better sources of 1y$inﬁ’¢aﬁﬁﬁarhmxyias¢§ The very
high lysine decarboxylase actlvity shown by Ps., seruginoss and
Ps. viscose in these trials possibly is attributeble to the
presence of & good supply of the coensyme. From all reports,
the lysine codecarboxylase ls needed for the enzyme to be ace
tive, Posslibly under the conditlons of these trials, these
two specles of Pseoudomonas produced an adequate quantity of the
cosnzyme which resulted in & higher lysine decarvboxylase ace
tivity than in the cese of the other speclien.

The results obbtalned for ornithine decarboxylese activity
are shown in Table 15. Of the six Pseudomonas speciss showing

ornithine deecarboxylase activity, only two specles were found



Table 15

The ability of some Pseudomonas
species to produce I~oprnithine decarboxylase.
{l-ornithine solution adjusted to pH 3.2)

Trial 1 , _ , Trial 2 Average

Organisus Oy [ o o E

‘ __pH of reaction | liberated pH of reaction | liberated ~2

; ‘%" Initial | Final | (ul./br.) g [Final | (ul./hr.) | libersted

Pseudononas %‘iﬁ 3.60 3.55 o 3.60 3.62 0 0

putrefaciens 360 3.71 0 3.688 3.79 0 0

deruginosa Le2h L.30 37 ha30 Loh7 36 36

: 3.62 | 3.6 i 3.70 | 3.92 16 15

3.62 3.62 1L 3.66 3.8k 1 12

3.60 | 3.63 0 3.5 | 3.60 0 0

3.52 3.56 0 3.56 3.62 0 0

3.6k 3.70 3 3.58 3.67 5 6

3.50 | 3.60 32 3.72 3.89 38 3k

15
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to possess falrly strong enzyme activity. [Ps. geruginoss pose
sessed the highest activity on ornithline, yet the amount was
only spproximstely IO per cent as high as the activity on lye
gine pradumad‘hy the seme organism. Four species failed to
exhiblt ornithine decarboxylase activity. The variation in
the activity of the different specles is smeller than that
exhibited for the other enzymes reported, which indiestes

that either the specles are not strong producera of ornithine
decarboxylage or that other faclors, such as the supply of co~
enzyme, are limiting thelr enzyme activity.

The sixth set of trials involves the ablility of the
Pgeudomonas specles to produee tyrosine decerboxylase, the
results being presented in Table 16. Tyrosine decarboxylase
production, as far as the ten species of Pgeudomonas studled
are concerned, is limited to Ps. viscosa, The amount of tyroe
gine activity prédua&&*‘whan compared to the other decarboxylw
ases, would have to be classified as moderate or weak, Gale
(1943), working with E. goli, showed that where the species
possessed the sbllity bo produce several amino acld decarw
boxylases, the tyrosine activity produced was considerably
smaller then for most of the other decarboxylases. In examine
ing the values for the five decarboxylases produced by Ps.
viscosa, the tyrosine sctivity 1s smaller than any of the othe
er enzymes produced,

A summary of the amino aeid decarboxylases produced by the



Table 16

The ability of some Pseudomonas
species to produce Letyrosine Ewarhwlass
(I-tyrosine solution adjusted to pH 3.5)

Triall,

. Trial 2 o
Organisns Cls “ 352, Averace
pH of reaetian ‘liberated H of reaction | liberated COz
Initial [®Final | (u1./hr.) TRTEreT [ Finel | (ulJ/w.) | liberated
ha12 ha17 0 420 | he22 0 0
L.92 65 0 he97 g1 0 0
L.08 La2ly 0 a0 | h.22 0 0
k.10 li.16 0 Lok ho25 0 0
L.06 Le20 o 4.08 | h.21 0 0
hel2 .38 0 L.oB - he2ls 0 0
he2l ~50 0 k.18 La3k 0 0
L1k h.63 28 L.22 L.52 20 24

94
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different specles of FPgeudomonag as presented in Tables 11
through 16 is shown in Table 17. It will be noted that all
species were capsble of production of at la&at one dscarboxyl-
ase while none of the ten specles produced enzymes for all six
emino aelds tested, The number of Pseudomones specles which
produced the specific decarboxylases veried from one for tyro-
sine to six for higtidine, lysine and ornithine. The data ine
dicate also that no absolute correlations exlst between the
gpecles and the decarboxylases pr@@una&% S«fsy Lhere were no
cogses where production of & decarboxylase specific for one
substrate was always sssoclated with action on & particular

one or delinite group of substrates.

Effect of pyridoxine on decarboxylase activity

After the study of the extent of decerboxylase production
by the selected Paaudammﬁ&a specles, it seemed desirabls to
study the effect of pyridoxime upon the activity of amine asecld
decarboxylases. Bellamy, Umbreit and Gunsalus (1945) stated
that organisms capable of growing without pyrldoxine were able
‘ta synthesize & codecarboxylase, Later Gunsalus, Umbreit,
Bellemy and Foust {(1945) deseribed the active codecarboxylase
as & phosphorylated pyridoxel compound, Thus, trials with se-

lected Pseudomonas specles were made bto debermine if addition

of pyridexine to the growth medium or to the reaction mixture

would Iincrease the decarboxylase activity.



(Tabulations based on results from Tables 11-156)

Table 17

The production of amino acid
decarboxylases by some Pgeudomonas species.

Amino acids

Organisms Arginine | Glutamie | Histidine | Iysine | Ornithine | Tyrosine
agid

Pseudomonas fragi + + + * - -
‘ Fluorescens - - - - N -
pu aciens - R - - - -
izinosa + + + + + -
‘ - - 4 o 4o -
* - * + + -
- - - ' - -
+ - - - + -
+ - + + + +

85
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The basnl medlum of casamino aclds-glucose<phosphate was
prepared and sterilized as described in "Methods”. To 100 ml.
of the sterilized basel medlum was added 1 ml, of a sterilized
sclution eontaining 500& of pyridoxine., Fifty ml. portions of
the basgal medium fortifled with pyridoxine were inoculabted

with Ps. geruginosa, Ps. viseosa, Pg. pubtrefsciens and Ps.

fluorescens and incubated for 2l hours at 37° C+ for the (irst
and 21° C. for the latter three. In all cases bottles of the
bagal medium were inoculabed with each of ths four organlisms
for use as controlss After lneubatlon, the cells were har-
vested and eell suspensions prepared as in "Methods". ?ﬁf
messuring the smount of decsrboxylase activity, 0.5 ml. quanti-
ties of the various cell prepsrations were added to each of
four Werburg flessks. All flasks contalned, in additlon to the
cell suspensions, 2.0 mls of phosphate buffer of pH 6.0, Two
of these four f{lasks slso contalned 50¥ of pyridoxine and 3%
of sdenosine triphosphate. To the side arm of all flasks was
added 0.5 ml, ﬁf the speciflc amino aeid’for measuremnent of
decarboxylase activity.

The four specles to be studied were selected on the basis
that two were capsable of forming flve decarboxyleses and the
other two produced only one enzyme of this type. One of the
fargamiﬁms produeing five engyues was the only one cepable of
tyrosine &aéarhnxyxahiang

Bellamy and Gunsalus (1945) reported thet the pyridoxine
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requirement for decarboxylase production is seversl-~fold the
concentration for maximum growth. The addition of 500¥ of
pyridoxine per 100 ml. of medium wes considered to be in exe
cess of the requirement for growth, since the cell populations
on the cesamino scids-glucoge~phosphate medium were as large
as those on the medium fortified with pyridozine. In sll
previous trials; the growth medium had not contailned any added
growth factors; however, many could have been present in the
technicel grade of the casemine scids uged. Also to be conw
sidered is the ability of the Pgeudomones specles to synthe~

size adequate smounts of the various growth factors, includ=
ing the ones vequired for the production of decarboxylase
and godecarboxylase,

The results obtained with the addition of pyridoxine to
the bagal medium and to the rescbion flasks ars presented in
Table 16. In exemining dats on the five enzymes produced by
Pse viscoga, when grown in the presence of pyridoxine, histie
dine and tyrp&iné decarboxylases are increased slightly. The
incresse for histidine aectivity based on one trial indicates
that the pyridoxine may be partislly responsible by causing a
more rapld production of the enzyme. The amount of difference
between tyrosine sctivity on the fortified and control growth
medis should be questloned ag belng due to the added pyridoxw
ine. According to Bellemy and Gunsalus {(19ll), ineressed ty-

rosine decarboxylase scbivity is due to s greater concentration



Table 18

The effect of pyridoxine in the growth medium and in the
reaction flasks upon the decarboxylase activity of the Pseudomonas species,
(Average of two flasks in the same trial)

€Oz liberated (mil,/hr.)

Glutame |
Organisms Arginine acid Histidine Lysine Ornithine | Tyrosine
a B & a & A

B leon=| %6 |eom=| %6 |cone | B6 |com=| %6 |con-| 26 | con=
added | trol | added | trol |added | trol |added | trol | added|trol |added | trol

Ps. viscosa b | 55 | o 0 |22 |23 |6 | 48 |30 |23 |19 | W
Ps. viscosa + BgP 52 [ 50| © o | 3L |31 |53 |47 |30 |32 |2 |2
Ps. aeruginosa 3% |3 |25 |27 |W1 |3 |75 | 72|33 |36 | 0 0
Ps. aeruginosa + BgP 36 33 | ko W1 | 43 o |76 | 8L | 38 |35 o 0
Ps. putrefaciens e 0 23 22 0 o o Y 0 0 0 0
Ps. putrefaciens « BgP | O I 21 | o o | o o o | o} o 0
Ps. fluorescens 0 0 0 0 ¢ o 0 ¢ | 10 | 13 0 0
Ps. fluorescens + Bg® | 0 o| o o | © o | 0 o |1 1| oo 0

820 5 pyridoxine and 3y of A&, T. P. added to the Warburg flasks,
P500y pyridoxine added per 100 ml. media.

12
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of pyridoxine than i1s needed for optimum funoctional growth.
The results mﬁ lysine, arginine and ornithine decarboxylases
were very inconsistent,; since some controls show more activie
ty then the corresponding fortified media, indicating that
pyridoxine may not be the limiting factor for optimum sctive
ity by these three engymes, |

Based on limited trials with Ps., seruginosa, the growth
medium fortified with pyridoxine gave increased activity of
glutemic acld decerboxylase. The other four decarboxylasges
produced by this orgenism falled to show an incresged activi-
tys An interesting point 1ls thet the histidine mectivity of
this species falled to show the difference that was obsgerved
between the fortified and conbrol growth medls with Pa. visg-
£088.«

Ps. putrefaciens apparently is not affected by the addlie
tion of pyridoxine. As shown previously, glutamic acid is the
only emino aclid for which s decarboxylase is produced by this
organism and in thege limlted trlels the amount of acﬁivity
did not incresse with the addition of the pyridoxine to the
growth medium, , ,

Ps. fluorescens likewise failed to rﬁsy@nﬁ’ta pyridoxine,
either as the growth factor or as z component of the reaction
mixture; thus indicating that pyridoxine was not the limlting
factor in ornithine decarboxylase production,

Based on the results presented, there was no agreement on

whether the addition of pyridoxine to the growth medium gave
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Inereased activity for the same decarboxylase produced by the

different specles of Pseudomonsas, In ne instance were the four

specles of Pa&uﬂgmpm&& tested stimulated by the presence of
pyridoxine in the growth medium ﬁa form amino aecld decarboxylw
sses other than those reported In Table 17.

The addition of pyridoxine snd A T P to the reaction
flesks, for functioning as codecarboxylase, did not bring
gbout any certain increasse in the decarboxylese ectivity for
the Pgeudomonsas specles studied. Gunsalus, Bellamy and Umbreit
(194} veported that pyridoxine and A T P were capable of
funetioning as the coenzyme for decarboxylase produced by ﬁgl
foecalis when coengyme concentration was the limiting factor.
Since additlon of these two factors to the reaction flasks did
not yield increasses Iin enzyme setivity, it seems probable that
edequate ammumtg'ﬁf the coengyme or other needed factors are

present within the cell.,
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medium free of amino aclids, the amine acild decarboxylases are
not produced. The addition of the amino acld substrate to the
growbh medium results in the productlion of the corresponding
decarboxylase, provided the enzyme pobtential is present in

the organism,

In testing the ten specles of Pgeudomonas, two major teme
perature renges are involved. Experimental trials incorporatw
ing & representative species for 21 and 37° €. temperature
ranges were carried out using Pss Lregl end Ps. asrupinoss,
respectivelys The growth temperature seems to play a very
important role in the production of the emino &cid decarboxyl-
ase by both species tested., Fa. fragi produces the largest
amount of enzyme achivity at 10° C.y which is lower than the
recognized optimum growth temperabure and Ps. geruginosa pro-
duces the most activity at its optimum growth temperature of
37° €. Eggerth (1939) also noted that deearboxylase produce
tion by some organisms was greater when growth took place at
temperatures lower than the opbimum for growth.

The age of the culture was shown in Table L to be an im-
portant factor in the amount of decerboxylase formed by Pg.
fregl. The higher activity oceurring st 24 hours with the
slightly lower eell populetion than at 30 hours sugpests that
the formetion of the enzyme apparently begins somewhere in
the logaritimic phase and increases in activity as growth proe

ceeds, with the greastest sctivity occcurring near the end of
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the logarithmic growth phase. Gele reported (1940a) that de-
carboxylase activity did not ocour in young cells of E. eoll,
but strainsg capable of enzyme formation produced the enzyme
lste in the growth period. Lagerborg end Clapper (1952) re-
ported that for B, faegalls esctivity could be demonstrated be~
tween 16 end 2l hours, with the optimum being with the 24 hour
incubation period, | o - |

For 3. faecelis, Cl. wmlahii'£'éyfrig-ans) and E. coli,
incubation periods of 10 to 16 hours have been reported by
Gale (1946) as being optimum for formation of the decarboxyl-
ases. There is some question as to why Ps. fragi was slower
in decarboxylase formation since very lilttle growth occurred
as late as 18 hours, Gale (1941) gives 2 partisl explanation
for this slow decarboxylase formation by reporting that when
growth takes place in the presence of & carbohydrate, the ape
pearance of the engyme within the cell 1s delayed, He dld not
indicate 1f the delay was dus to need for scidity development
before enzyne formatlion gould begin or if the higher acldity
produced may slow down ¢ell growth snd thus delay enzyme for-
mation.

The Clark and Lubsg phosphate buffer proved to be more
stimilatory in the growth medium for the development of the
decarboxylese activity hhaa the Clark and Lubs phthelate or
MeIlvaine aitratemyhﬁapha%g buffer. The phosphate buffer ap=-

parently plays & dusl role, acting as a source for phosphate
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for proper ¢ell funcitlon and exerbting a buffering effect dure
ing the growth of the cells, Apparently the buffers used were
not markedly toxie, since all were favorable to the formation
of decarboxylases by one or more organlsms,

The pH of the reaction becomes all important because the
golls may possess the emino seld decarboxylase in adeguate
quantitles, yet 1little or no activity of the enzyme on the
emino scid will be measured unless the reactlon renge is core
rects The enzyme does not reasct with the substrate unless an
gclid conditlon prevails. The reaction pH ranges for asctivity
between the decarboxylases and the smino scldsg were found to
be ag follows: arginine, 3.2 to 5,0; glutamic acid, 3.6 to
Leby nistidine, 2.5 to 5.5§ lysine, 2.7 to 5.5; ornithine,
3+6 to B.63 mnd tyrosine, 4.0 to 5,0, These reaction ranges
for enzymes from Ps. fragl, Ps. geruginoss end Pp. viscosa are
:-Qin?@$oaa agreement with those reported by Gale (1940a, 1940b)
f6r §, gg&;,aaﬂ 8+ foecalis. As the pH of the reactlion moves
from the optimum range and approaches 6,0, the amount of sew
tivity decreases and in every case activity is almost complete- |
1y laclking at pH 6.0. |

Those species which produce enzymes active upon more than
one amino acid may show exbremely strong activity for one amino
scld and a very weak resction on all of the others. Another
varistion in asctiviity ocours ﬁ@ﬁwwmn the species which produce

a2 decarboxylase active for the same smino acld, For example,
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acids, Of the two organisms which produce five engzymes, Ps.

viscose end Pp. geruglinosa each showed some response to the

added pyridoxine for only one decarboxylase. The two other

orgenisme, FPg. putrefsciens and Ps. fluocrescens, falled to

show any inerease in the decarboxylase actlvity due to the
presence of pyridoxine in the growth medium.

Bellamy and Gunsalus (19441}, working with the tyrosine
decarboxylase of 8. fameecalls, reported the production of elght

to ten times more enzyme when the cells were grown in & pyri-
doxine~fortified medium, The data in Table 18 sghow that no
sueh response was obtained with any of the Pssudomonas apaniea
studied} in sll cases the increase was less than one~fold.
These guestionable small inecreases in ﬁ@ﬁarbax$1aaa getivity
by some of the speciles also indleate that either these Psoudo-
nonas syaaias do not require the coengyme or that the cells
are capable of producing all of their metabollc requirements,

Jensen (1951), growing Ps. seruglnosa in a medium containing

milk as the anmino acid souree, found that large quantities of
the varlous Be-vitaming, ineluding pyridoxine, were synthesized
and stored within the cell, |

In dalry products these ten specles of Pgeudomonsg could
be stimulated to produce decarboxylases which would be active
on amine aclids,; whether the amino acids resulted from actlon
of the organism itself or from protecliysis by other micro-

orgeniams,
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The formetion of the amine by decarboxylase activity nay
function as a protective mechenism againet accumilations of
hydrogen lons, as suggested by Hanke and Koessler {(192ha).
&inaé carbon dloxide 1s used by many bacterie, the smino acid
decarboxylases may produce carvbon dioxide for use by such or=
genisms. Furthor, & resction may result between the amine and
other mebabolic products, such as an alcohol) the resulting
ester gould be responslible for the aroma that characterizes
many of the species studied, The flavor and sroma which are
atbributed to Pseudomones when present in {luld milk, butber

and cottage cheese may be due to the above mechanlsm,
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SUMMARY AND COWCLUSIONS

Ten selected species of Pseudomonas, isolated from dairy
products, were used for testing amino aecid decarboxylase ace
tivity. The activity of the enzyme was determined by measurs
ing with the Warburg resplrometer the carbon dioxide liberatw
ed in the remction between the decarboxylases and the sub-
strates arginine, glutemle meild, histidine, lysine, ornithine
and tyrosine. All of the emino acids used were of the L
form,

The buflfer selected for all determinations, whether in
- the growth medium or the Warburg reactlon flasks, was Clark
and Lubs phosphate. This phosphate buffer appeared to ba,mmeh
more beneficisl in the growth medium than the Clark and Lubs
phthalate or Mellvaine cltrate-phosphate buffer. The phos-
phate buffer epparently did not exert as strong a buffering
effeet, thus ellowing the pH to drop to lower levels during
the growth of the cultures, thus the low pH is more conducive
to higher decarboxylese produstion,

When the production of the @mgym; was measured an'variaua
media, no activity occurred unless the specific aminoe acld sub-
strate was added Lo or present in the growth medium. From these
trials 1t is belleved that the decarboxylases are adaptive en-
zynes produced only wh$%~tha gpecific substratum is present in
free form in the growth medium. However, many specles lack the

potentiel to produce certain of the decerboxylases, even under
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otherwise very favorable conditlons.
When incubstion was st 18° Cu, a 2 hour culture of Ps.
fragl gave higher decarboxylase values than at 15, 21 or 24°

Cs Incubatlion of Pss. peruginose culbures for 2l hours at 379

Ce gave higher activity than at 25, 30 or 45° €. Incubation
et 18° ¢, was adopted in all subsequent trials for all species
having the lower optimum growth t&mparatar@;

Time trials at the optimum temperatures for gradmaﬁiom of
the decerboxylase by various species showed that incubation
for 2l hours at 18 or 37° ¢. (depending on the species tesbed)
was conducive to the formation of more engyme activity than
18, 30, 36 or L2 hours. Apparently the amino acid decarboxyl-
a868 are not produced in epprecisble quantities esrly Iin the
growth cyele, bub,as the eell populations for 2L and 30 hours
indicate, the activity reaches maximun at about the time the
active cell growth ﬁ@&ﬁéﬁﬁ

The pH at which reaction of the various decarboxylaoses
upon the six amino acids occurs renges from pH 2.9 to 5.6,
with the majority being optimally active for carbon dloxide
liberation within the yenge of 3.25 to .25, As the reaction
levels approached pH 6,0, the amount of enzyme activity de-
creesed markedly. In no case were there measurseble amounts of
carbon dioxlide liberated when the reactlon level exceeded pH
6.0,

The distribution of the decarboxylases within the ten
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B A AN s IR

specles of Pseudomonss ls extremely variable. Not only was
the number af &ecarbmxylaaas produced by each speeles unpre-
dletable, but alseo the amount af~&ativity for the different
decarboxylases was varisble within each specles. Decarboxyl-
ase pebivity of some specles was not strong for any of the
amino acids employed; other specles produced & very strongly
sctive engyme sysbten for one amino acid and a very weakly

gebive engyme for another,

Ps. fluorescensg,; Ps. putrefaclens, Ps. gysnogenes and Fs.

synxentha each produced only one decarboxylase; FPs. iehthyosmia
produced two decsrboxyleses; Ps. graveolens produced three de-
carboxylases; Ps. fragl and Ps. maeldolensg each produced four
degarboxylases while Pg. aeruginosa and Ps. viscosa each pro-
duged flve of the six deesarbosylases for which tests were made.
The sdditlon of pyridoxine, which had been reported as
belng required for the coenzyme effect, to the casamino aclds-
glucose~phosphate medium caused & very smell inecresse in the
production of some decarboxylases by Ps. viscose and Ps. geru-
ginosa. In all cases where enchancement occurred, the increase

in enzyme mebtivity was less then one~fold,
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