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INTRODUCTZON

   Temperature may be an essentSal factor
fer the determtnation of the growth rate
eiid growth yield, and for the-eontro! ef
the metabolÅ}sm, inciuding the phystolegy,
of an Drganisin. Each species ef ergallism
has afi epttEtrum temperature range for
growth. On the basis ef these tempera-
ture rangeB, microerganisms are elasstfi--
ed as thermophMes, mesophiles, or psy-
ehrephlies. Most microbSolegical research
Sn the past and alBe tn the present, has
been cencerned v!th mesephilie organistas
which grew in the range of approximate}y
le te SeOC. To a much lesser, yet con.
eideyable, extefit, thenpmph"ic erganisms
ifhich grew at terrperatvres as higk as '7.e
te 8e"C have alse been investSgated.
   1fi the early yeArs of this cen'tu,ry.,
the ntdespreee disgtibutien of vqychre-r
philes, whieh gafov weZl tit near-zere
tesnperattiTe, wae esgablSshed. Åq1,2).
Neverth-eleen, ehe paych.vaphSle bad bgen
scmrewhel •fteffleeced. I)-i hiSeraM#iegSsts.
un-'t" iate lft. th.e ;SSaie. Rsscenciy, lg--
teress t- n iew"g-simpg-r. a#ure mSergblplqgy
1.as i/ -crefiewt krgeeeft.ajgiiaaiy, magnly be-
casisg fff gh- e lijcrggg.Sfige use e.ti, ve, S' ragers-
tion far -pTptfigzsvt.pt.g msg"giLB.lpt \bsg are
8uscepl th1ij ige ptppt.lggg ki ptig'x.ijergatii• ens-
This ;y.gg.es}eststg gf -gijnt ese-gg-stTm-"lst 1mpe-r. I, a- fi-s:e'

of 'Zpve-egglgi'gs. ljfg ptgf,etsmts'-Zfi..sy be• s

bro"ghg .ptg=ts. Is s. -eengS.g, gpablc igs:Å}-sss. :

IS)

   PsychrophUic microorganisms are very
videly distrtbuted in nature. They have

 been isolated Å}n appreeSable and, fre-
quently, large numbers from air, water,,
seil, plants, animals, and many serts og

 foeds. They are present iR the temperete
and the polar regÅ}ans of the earth ane in
the oteans. Their abiltty to grow at both
lgw- and moderate-temperatures eonfers
upe" them an eeolegtcal and eompetitivg
advantage over mesephtles and thts may bE
the reasen, tn part, for theÅ}r wtcte dSs-
trtbutien (5År. ?$ychrophilte represente-
tives occur Sn all of the majer groups ot-
nicToergsnisms. Psychrephtlic baeteEia
are usually metnbers oE the gene:a Ac'skxguvip-
bacter. AZealigenee, PZavobaeteri-u"t, ih,ot
'Seqs. Pseudomvnasi and Serrettai wkh. th.e
greetegt representetion in the geftus
Peeudbmanas (3,6,7). The exSstenee oi
gbilgate anaerobic psyehraphS;kttbRcterSa,
aSl ef whlch have beett gretiped i.n- ghg gingS
SIoetn'diuni Åq8), hes been repQrEed, a.s. gell
as tke eecurrence gf sp"re ger!nmtSut. an.d
.spere germi"atSe" by psychrgphilt- a skraim- ..
oS iinei;Zlus at O"C Åq9)i Thg. e4iTpaenest
psychTephlltc yesscs afe tecliil)gtes gf,the
genera emjtifde (le. -12), g"E{}tpe-"eeg.,ease C",
S4'). Rhedotornila tlSÅr, ana ky}tg"pgin tza- Åra
eee. tg have been "gga. gSgngl rfi•pa"xe# eS RtLig
ise. ,;a/1•g/./f psyghrepl lll4 neetas ggg)-.
N-fft se tuch i$ knasdg gkogg ghl gaecttk"' tv
SDn "f t'he pay'ehyoph".ie bsijS.tpt- itgtefim.g
'SukgaS g-if-nera ,as celelj3gfedi 'if.il4h tsegl-eSi}
   Qutt• e g n•gmbei •gf thtsfivÅ}•gs. h-'g.fi l:ee".
pa/ fgrv-. g/1 g/ #g t, hg pbyptSglt.iigl'"g} Aak4
bi-s,#ke,mi-gfil- 'ljgfiiidi f,e,I thE., th}.zait e,lg.ptgg

/,f ntÅítootgfi/ asas; T.za/•ex, i,AS."/ ,g-eT "-g gs'in
t-yg•etkie. iy !ihest. :tss•,l• stttl g. assithgij {' 2.?. kl'k.li,. gJitgJ'

tnreseareh inte f"ndafiientai yggSSS"S tw
soeiated with the grGvth ef utgree--.-...--''
at low temperaturefi. iforeove'rs S' t. S{
thought that low-temp.Fwratute !EiS{.mpSas
or psyehrophiles must be oi -parEgieij-ES .ÅísF
POrta"ce in the varieus eycies ef' 3sstts!
in celd environments, taciutitsg the gpaititi
the oeeans, the polar regtgns. .ii#e tecti-F
perate zones during the vEuter seas. figi
Modern studies on psychrophiiEs tewcll mp(m
intrigutng problems ef taxe"smy, marpiS"isgy,
ecology, and physiology.
   One wtdely accepted proposaE fer 'tkE
definition of psychrophile$ was ma•6g by
rngraham and Stokes Åq3), and Ste}ces (aÅr.
They suggested that psyehrophiles be
defined as those micreorgantsffts whiek grcv
well at OeC within one or tvo weeks. Tbe
psychrophlles are subdivided into oblSgate
psychrophtles, which have an eptimm te"t-
perature for growth below 2eOC, and ,facul-
tative psychrophiles, which have an eptituan
temperature above 2eOC.
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ZNTRODUCTZON

   Temperature may be an essential factor
for the detenninatien of the growth rate
and growth yield, and for the•control of
the metabolism, including the physiology,
of an organÅ}sm. Each species of organism
has an optimutr temperature range for
growth. On the basts of these tempera-
ture ranges, microorganisms are classifi-
ed as thermophiles, mesophiles, or psy-
chrophUes. Most microbiological research
in the past and also in the present, has
been concerned with mesophilic organisrns
which grew in the range of approximately
10 to 500C. To a much lesser, yet con-
siderable, extent, thermophilie organisms
which grow at temperatures as high as 70
to 80"C have also been investigated-
   In the early•years of this century,
the widespread distribution of psychro-
philes, which grow well at near-zero
temperature, was establtshed (1,2).
Nevertheless, the psychrophile had been
somewhat neglected by microbiologists,
unttl iate in the 1950's. Reeently, in-
terest in low-temperature nicrobtology
has inereased tremendously, mainly be-
cause of the Å}ncreasing use of refrtgera•-
tion for preserving materials that are
susceptible to spotlage by microorgantsms.
This awareneess of the econtimic importance
of low-tempereture mtcrobiology has
breught wtth it a considerable inerease

(1)

 , in researeh into fundamental preblems as-
 soeiated with the growth of microogantsms
 at low temperatures. Moreover, tt is
 thought that low-temperature microoganisms
 Or psychrophiies must be of paramount tm-
 portance in the various cycles of matter
 in celd envirenTnents, including the earth,
 the eceans, the polar regions, and tem-
 perate zones during the winter season.
Modern studies on psychrophlles touch upon

 intriguing problems ef taxonomy, morphology,
 ecology, and physiology.
   One widely accepted proposal for the
deftnition of psychrophtles was made by

 Ingraharn and Stokes (3), and Stokes (4).
They suggested that psychrophiles be
defined as those microorganisms which grow
well at OOC within one or two "reeks. The
psyehrophiles are subdivided Å}nto obligate
psychrophiles, which have an optSmum tem-
perature for growth below 200C, and facul-

 tative psyehrophiles, which have an optimum
 temperature above 200C.
   Psychrophilic mieroorganisrns are very
widely distributed in nature. They have
been isolated in appreciable and, fre-+
quently, large numbers from air, water,
soil, plants, animals, and many sorts of
foeds. They are present in the temperate
and the polar regÅ}ons of the earth and in
the oceans. Their abiltty to gtow at beth
low- and moderate-teTnperatures eonfers
upon them an ecologieal and competitive
advantage over mesophiles and this tnay be
the reason, in part, for their wide dis-
tribution (S). Psychrophilic representa-
ttves occur in all of the major groups of
microorganisms. Psychrophilic bacteria
are usually members of the genera Aahromo-
bacter, AZcaZigene6, FZavobacteritvn, Pr,o-
teus. Pseudomonas, and Serratia, with the
greatest representation in the genus
Pseudomonas (3,6,7). The existenee of
obligate anaerobic psychrophilÅ}e-bacteria,
all of which bave been grouped in the genus
CZostmdiwn (8), has been reported, as well
as the oceurrenee of spore formation and
spore germinatien by psychrophilic strains
ef BaciZZus at O"C (9). The commonest
psychrophtlic yeasts are members of,the
genera Candtcia (iO - 12), Cryptoeoeeus (13,
14), RhodotoruZa (IS), and Tor,ulopsie (15).
There have been occasiomal reports ef the
isolation of psychrophilic tpolds (16).
Not so much is known about the distrtbut-
ion of the psychrophilic habitat atuong
fungal genera as eompared wtth bacterta.
   Qutte a number of theortes have been
put forvard as to the phy$iologieal and
btoehentcal basts for the three elasses
of microorganisms. The existence of ex•-
tremely thermolabtl enzymes (17 - 22), the



synthesÅ}s or aceumulation of metabolie
poison (23). Damage to er destruction of
the tnetabolic controi meehanism and the
loss of pemteability of the cells (24-
28) have all been suggested as a bio-
chemtcal basis for the relative low maxi-
mur temperature ef psychrophiles.
   Psychrophiles are dtstingulshed frern
mesophtles by their abiltty to grow well
at neer.zero temperatures. rngraham (24)
found that the psyehrophiles have a lower
temperature characteristie fer grewth
ever the ltnear range as cornpared with
the mesophiles, and suggested that the
dÅ}fferenees in the respense of psychro-
phile end mesophile to low temperature
mtght be due to differenees in some
aspects of the biochemical erganization
of the organisms'rather than in the pro-
perttes of individual enzymes. Baxter
and Gibbons (25) reported that a psyehro--
phÅ}lic strain ef Candida respired endo-
genotis reserves at a greater rate than a
mesophtle, Candide ZYpOZYtica. at all tem-
peratures up to 300C, and while the
psychrephSle oxidtzed glucose at an ap-
preciable rate even at OOC, virtuaily
no exogenous substrates were oxidized by
the mesophÅ}le below 50C. They then sug-
gested that the main factor determtning
the mtnimum temperature for growth of a
mesophÅ}lie organism is the tnactivation
of the solute transport mechanism. Rose
and Evison (27) obtained a similar con-
clusien from their experimental results
wlth yeasts. By way of expraining the
differences in the low-temperature re-
sponse of the transport mechanism in
psyehrophileB and mesophiles, there ts a
notien that the earrier moleeules in the
membranes of the mesopht!es are prevented
from eombtning wtth the $olute at a low
temperature as a result of a change in
the molecular architecture of the rnembrane.
A change in composition, which is thought
to be important in determining the
abtltty of nteroorganisrns to grow a: iow
temperatures, is the increase in the pro-
portÅ}on of unsaturated fa:ty acids in the
eellular lipids as the temperature of ln--
cubation ts lowered. Kates and Baxter
(29) reported about a 50Z increase in the
content of double bonds in fatty acids
from mesophtltc end psychrophilic species
of Candidn grown at 10eC compared wtth
2sOC, but deteeted no effect on the phos-
pholiptd composttion of the yeasts.
simÅ}lar results were reported by Marr
and !ngraham (30) for a strain of
Escher,iehia eoZi. Furthennore, many re-
ports with respect to similar alterations
in the fatty aeÅ}d conrpositSons of nierobes

(2)

reiated to their culture temperature have
beem aceumulated (31-33). It is knom:
that an increase in the degree of un-
saturation ef the fatty acids in lipids
causes a decrease in the melting point
of the lipid (34). The physiological
effeet of the increased synthesis of un-
saturated fatty actds at !ow temperatures
is to maintaln the liquid state at low
temperatures thereby allowÅ}ng membrane
activity to contlnue.
   The synthesis and activity of enzymes
in 1Å}ving cells are under the influence
of a complex array of regulatory precesses.
Many of these regulatory processes are
known to be abnormally sensttive to tem-
perature below the optiTnum for growth ef
the organism, much more so than the ttta-
jority of other rnetabolic processes in
living cells. Halpern (35) reported that
the synthesis of glutamate earboxylase in
[-'. eoZi is inducÅ}ble at 370C but partly
constitutive at 300C. In addition, Ng
and Gartner (36) showed that tryptophan
induees the synthests of tryptophanase
in E. coZi at 300C but rot at temperatures
below ISOC. Repression of enzyme synthe-
sis is atso often sensitive to tempera-
ture. Gallant and Stapleton Åq37) iso!ated
a rnutant of E. eoZi B in which the extent
ef repression of alkaline phosphatase
synthesis by inorganie phosphate decreases
as the temperature is increased from 20
to 400C. O'Donovan et aZ. (38) tsoiated
a number of cold-sensitive mutants of E.
eoZi whieh required histidine for growtng
at temperatures below 200C. They showed
that the requirement for histtdine at low
temperatures eouid be attributed.to the
synthesis of phosphortbosyl pyrophesphate
- ATP pyrophesphoryla$e, whieh is 1,OOO
tirnes rnore sensittve to feed back inhibi-
tien at 370C by htstidine than is the
same enzyrne from the parent (39).
   Tt has been known that the effect ef
low temperatures en indSvidual metabolic
acttvities of microorganisms refleets
differenees in the $ynthesls or activities
of indivtdual enzymes at the various
temperatures. Williams et at. Åq40) re-
ported that synthesÅ}s ef the red pigrnent,
prodigiestn, by strains ef Se?ratia
mareescens ts favoured between 20 and
25"C, although the optinum temperature
for growth is near 370C, and showed that
the enzyme whiah catalyzes the last step
Sn the biosynthesis Å}s abnorm!ly senst-
tive totemperature. Such an explanation
has been proposed.te explaÅ}n the product-
ion of a red pigment by the sÅ}lk-worm
pathogen, BaeiZZus eereug var. aZestt.
at ISeC but not at 2SOC (41). Many



Leueonostoc species and ether lacttc aetd
bacterie produeed almost no dextran at
370C, whereas, at 250C, there is a re'
markabie aceumulation of an extra-eellular
dextran (42, 43), This effect has been
attributed to the production by these
bacterta of a dextransuerase that is very
rapidly inacttvated et temperatures d'bove
300C (42) and to the temperature-sensitive
nature of the dextran--sucrase-synthesizing
system (43). Nashtf and Nelson (44) show-
ed that Peeuclomonas fragi produced a
ltpase preferentially et low temperatures
and not at all at30"C, although the
optimum temperature fer the aetÅ}vity of
the enzyme was 40"C. Also, the synthesis
oE a proteolytic enzyme by Pseuciomonas
f'Zuoreseens was reported by Peterson and
Gunderson (4S) to be greater at OOC than
at htgher temperatures.
   It has frequently been observed wtth
cultures ef mieroorganisms that maximum
cell crops ar}?. obtained at temperatures
considerably below those at whtch the
rate of growth is most rapid (46-49)•
Sinclair and Stokes (SO) showed that
these phenomena eould be explained on the
basis of the increased solubi"ty of oxy-
gen at iower temperatures. The solubility
coeffictent of o)rygen in water at 5eC is
about 2 times that at 300C.
   rn the applied aspects of microbiology,
the process using low-temperature culti-
vatton Å}s limÅ}ted to brewery fermentation,
The most favorable temperatures for alco-
holte fermentatton are around 300C, but
worts are fermented at a iow temperature
maÅ}nly because rnany of rhe volatile pro-
ducts ef the fermentation, whieh centribute

appreciably to the organolepttc qualities
of the beer, are retained. However, few
attempts have been made to posittvely
emp!oy low-temperature cultivatton or
psychrophtlic organtsms for tndustrial
ulcrbbiological proeesses. ThÅ}s ts be-
cause there are the following disadvantages
tn iow-temperature cult!vatton: eultt-
vation fer a long pericd of ttme Å}s re-
qutred for sufftcient growth at low tem-
peratures, and higher cooliRg energy is
necessary tn the ceurse of the culttvatÅ}on
as eompared with the higher-temperature

cultivation. .   On the ether hand, lew-temperature
cultivatiop is thought to possess the
follewing merits foT mterobial produc-
tion: a) the coneentratton of oxygen Å}n
tbe euiture medium inereases with a de-.
crease in temperature, b) there is little
fear of contamination by other microbes,
e) row botling substances are avatlable for
use as fennentation substrates, d) the
atteratÅ}on in rnetabolic acttvity by
temperature is accessÅ}ble for femnentative
produetion, and e)•the low-temperature
eultivation Å}s applicable te the screen-
ing of mlcreorganisms producing a thermo-
lebiZe substance, a novel substanee tnclud-
Sng an antibiotic or an enzyrne posessing
unique properties.
   In this thesis, taking Å}nto accouut the
above merits, microbial actÅ}vÅ}ties at
Zow temperatures are tnvestigated from
the standpoÅ}nt of applied nicrobiology.

  rn thts thesis, the term "low-tempera-
ture't refers to temperatures below 200C.

(3)



CHAPTER r

AMZNOACID FORIYUNTrON BY A FACULTATrVE

PSYCHROPHILZC BACTERIUM,
BREVZBACTERTUM sp. p14sa,b)

INTRODUCTION

   Most researches on psyehrephiles in
the past end at present have been done tn
retattvely ltmtted fÅ}elds, such as general
microbiology, feod hygiene ard utarine
nicrobtology. In the fÅ}eld of applted
mScrobiolegical processes thet are con-
dueted at low temperature, sueh as brewery
fermemtation, Konishi et aZ. (Sl) have
tnvestigated the mLaroflora 'tn yamahaimoto
or sake making starter mush. They were
able to stabtltze the yaruahaimoto by ad-
dtng the nitrite forming psyehrophilie
bacterÅ}a.
   Studies pertaining te relatÅ}enships
between temperature and ntcrobial activtty
have been made by many researchers, con-
cerning enzyme acttvity, cell permeabtlity,
cell eourponent, nutrittonal requ!rement
and so on• Mttehell and Houlahan (S2)
noted that the nutrttional requirement of
a mutant strain of Nemospora was affected
by the tncubatton temperature. Stmilar
studies en etheT mtcroorgantsrns have been
made with wild type stratns (53, 54) as
well as mutant ones (39, 5S).
   It has often been assumed that the rate
of indSvidual metaboltc process decreases
a: the same rate as the growth rate, es
the tenrperature decreases from the eptÅ}mum.
Hovever, tncreased productÅ}on of metabo-
lites by mtcroorganisms at subepttmum
temperature are kncrwn tn some eases as
pigrnents (40, 41) and dextran production
(42, 43År. Owen and Johnson Åq58År reported
vith PenietZZiwn chryeoeenum that the best

temperature for myceltum-production was
at 30"C, while at 200C the pentcillÅ}n
productivity was the best. Similar pheno--
menon was utiltzed to obtain high ytelds
of citrtc acid by A6per,giZZus niger (59).
Kosano and Yamada (60) reported that the
ratio of two fermentation products, glu-
tamic acid and lactÅ}e actd, was affected
by the temperatures for seed-culture and
matn culture.
   An attempt has been made to utÅ}ltze
mierobial activities at low temperature.
One psyehrephilÅ}c bacterium forTntng glu-
tarntc acid, one of the most popular meta-
boltc produets, was Å}solated from sotl.
SoTne of the bacteriologÅ}cal charaeteristics
and the relattonships between temperature
and growth er nutritional requtrement and

 the conversion of fetmentatÅ}on products
by incubation tempetature is descrÅ}bed.

 Further, the nature of this conversion
 ts discussed on the basts ef the results
 ofi cultural and enzymologieal experiments.

MATER!ALS AND METHODS

TsoZatien of amino aofd--foming psyehrie-
  phiZic bacteria

a) Medtzun for ieotatien, Peptone, 10 g;
meat exrraet, 5 g; glucese, S g; NaCl,
S g; agar, 20 g; Å}n 1000 ml of tap water,
pH 7.0.

b) Medium for antino actd forvnatien.
Glucese, 30 g; urea, 4'"g; NaCl, i g;
K2HPOlt, 2 g KH2PO", 1 g; )ttgSO".7H20,

C4)



O.5 g: yeast extract, 2 g; phenol red, 2
mg; tn 10oo ml of tap water, pH 7.4•
The urea solution was fed not only to sup'-
ply nitrogen but also te maintatn the
medium slightly alkaline.
cÅr lsoZation method of psychrophiZie bac-
te"ta. The suspension of seil, sewage,
river and stream waters, ete., were
streaked on the nutrient agar plates de-
seribed above. The plates were incubated
at 50C for 7 days and the organisms grown
en the plates were transferred to the
agar slants of the same compositien. The
slope cultures were carried out at SOC
for 7 days.

CuZtivation
   For the investigatton of metabolites,
one loopful cells grown on the nutrient
agar slant was inoculated into S ml ef
the medÅ}um mentioned above. The culti-
vation was performed at SOC for 5 to 7
days on a shaker (130 reciprocations per
mtn). In the case ef flask culture, the
cultured breth of 5 ml in a test tube was
tnoculated tnto 100 ml of the medium in
a SOO ml shaking flask. The incubatten
was earrÅ}ed out at vartous temperature on
a reciprocal shaker (130 rpm). At inter-+
vals, a part of the cultured broth was
wtthdrawn and centrifuged, and the super-•
natant selution was subjected to chemical
analysis.
Detervnination of nutritionaZ requirement
   Composition of the basal medÅ}um was
as follows: glucose, 20 g; NH"Cl, 3 g;
K2HPO", 2 g; KH2POg, lg; ICgSO".7H20, O.5
g; in 1000 ml of detonized weter, pH 7.0.
The concentrations of nutrttional factors
added to basal medium were as follows;
thiamine HCI, 1 vg; riboflavSn, 1 yg;
pyridoxtne HCI, 1 pg: ntcottntc acid, 1
vg; Ca.pantothenate, 1 ug; p-amtnobenzoie
acid, O.2 vg; folic aeid, O,Ol pg; biotin,
O.Ol pg: adenine, guantne, uracil and
xanthine, S.O ug eaeh; L-amtno actds and
glyeine 100 pg eaeh; DL-amino acÅ}ds, 200
vg each were added in 1 ml of the medtum.
   The stoek culture of the strain P14S
was maintained on 'the nutrient agar slant
at S"C. Subcultures were made separately
in the basal Tnedtum at Se and 28eC for 3
and i day(s), respectively. After the
subeulture, the cells were harvested by
centrifugatton, washed three tÅ}mes wSth
physiological saltne and suspended in
the saltne. The cell concentratÅ}on in
the suspension was adjusted to give an
opt!cal density of O.30 at 610 mp, and
then dtluted to 10-fold.

   The media of 2.5 ml each were dÅ}spens-

(s)

ed in test tubes and tnoculated with O.1
ml of the dtluted cell suspenston mention'
ed above. The ineubation was carried eut
on the reciproca! shaker at vartous tem-
peratures. After the incubation for an
apprepriate pertod, 2,5 ml of saltne was
added per tube and the eell grovth was
estimated photometrieally at 610 mp.
Duplicate tests for one sample were run
eoncurrent!y•

Pcrper chroniatogmphy
   Paper chromatography was empZoyed for
the deteetion of metabolites. Ascending
paper chromatography was carried out on
Toyo Roshi No. S3 ftlter paper wÅ}th the
followtng solvent system; n-butanoZ,
aeetic acid, water (4:1:!, v/v/v). After
development, the paper chromatogram was
treated with O.5X ntnhydrin tn 75Z ethanf
ol. Quantitative analysis of anino acids
was also made chroTnatographlcally accord•-
ing to the method of Katagiri et aZ. (56).
After the treatment vÅ}th ninhydrin at
500C fer 30 nin, the celored zone was
eut eut and put tn a test tube, The color
was extracted wtth S rn1 of 7SZ ethanol
eontaintng O,OOSX CuSO".SH20. The tntensi-
ty of the coler of the extract wa6 deter-
mSned by measuring optical density at
soo mu.

AnaZysis
   The growth of the organtsm was routtne-
ly esttmated by measurtng the optteal
density at 610 mu ofi 10-fold dtluted broth.
The dry weight of cells was ealeulated
from the epttcal denstty, ustng a standard
curve prepared with the culture grown
exponentially at 5"C in a peptone-sup-
plemented basal medium.
   Protein was deterTntned by the method
of Lovry et aZ. (63).

P"epar,atien of eeZZ-free extract
   The dialyzed cell-free extract was
subjected to the assays of L-glutarnie
acid dehydrogenase and L-alanine dehydro-
gena$e. After 4 and 2 days at Se and
280C, respeetively, the eells were harvest-
ed by centrifugatten. The eells were
washed twiee with O.85Z NaCl solution,
then suspended in M/15 potassium phophate
buffer, pH 7,8. The cell-free extract
was prepared by expostng the suspenston
to a Kaijo Denki ultrasonÅ}e osetllator
(19 kHz, for 30 min) and the cell debris
was removed by centrifugation at 12,OOO
xg for 30 min. The extract thus obtatn-
ed was dialyzed overntght against M/ls
potassium phosphate buffer, pH 7.8, con.
tatning O.OSZ 2-mercaptoethanol, at sec.

Enayme assay



   The enzyme activities weTe deterTained
by measuring the change in eptÅ}cal densi-
ty at 340 m- accordtng to the method re--
ported by Olson and Anfinsen (64). The
tnerease er deerease of the optical denst-
ty was foilcrwed in a Hitachi Perkin-Elrner
speetrophotometer Model i39. Specific
activtties of L-glutamic acid and L-ala•-
nine dehydrogenases were expressed as AE
per gram of protetn, where AE was the in-
erease or decrease of optieal density of
NAI)H or NADPH at 50 and 280C during the
initical 1 min incubation.

RESULTS AND DTSCUSSIO}1

isoZation of psyehrophiZie baeter,ta
   About SOO pureeultureS capable of grow-
ing actively at 50C, were isolated from
sotl, sewage, stream and river waters ete.
The glutainic aaid spot on the paper ehro-
matogrem was detected clearXy in the c'ul-
tured broth of about IS strains of the
tested baeteria, rn most cases, the
gluta dc aeid formatton was aecompanied
by those of elanine and aspartic acid.

   TASLE r. AMNO ACID FORHAriON AT S'C BY
             :SOLALTED BACTEiUA

    Medttn centatned 30 g of glucese, 4 s of
uree, lg of NH4Cl, 2 g of K2HPO", lg of 1lll2?O",
O.S g of MgSO-'7H20 and 2 s of yeest extract in
1000 ml eftap vater (pH 7.4). Culture vas car-
rSed eut et S'C for 7 days under aerobSc con+
ditton.

:soiated
 stretn

Clutanic
 actd
(ms/ul) Assoctated product

P20
P31
PS4
P142

?14S
?472
B32
B47

O.8S
O,60
o.so
O.72

1.e2
O.63
o.es
O.70

Alantne, Aspartic acid
Alanine, Asparttc actd
Ala"Sne
Alantne, Aeperttc aeSd,
 Valtne
Alanine
Alanine, Agpartic actd
Alantne, Asparttc acid
Aianine

Table r shovs the slutamic aeSd formatiom
et 50C by some tsolated bacterta. The
straLn P145 whSeh appeared Å}n Table 1 ac-
cumulated a signÅ}ficant amount of glutamtc
acÅ}d upon cultÅ}vatton at S'c.

Chvwth tenrperature
   The twenty straSns among the tsolates
at S"C were used for the deterulnatten of
the growth temperature range, The inoeu-

(6)

lated media in the test tubes were in'
cubated at Oe to 420C. Eighteen eultures
grew in the range of OO te 370C and 2
cultures at 5e to 420C. OptSmum growth
temperature ranged from ISO to 200C for
the 18 cultures tested vere the psychro-
philes beeause of their ability tg grow
at OOC, having relatively low                             OPt:mum
temperature, e.g., 150 to 200C.
   The effect ef temperature on the
growth rate of strain P145 is tllustrated
in Fig. 1. The strain has ability to grow
well at O"C. The optimum growth was ob--
served at IS"C but no growth oceurred
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Ftg. 1. Effect of Temperature on the Grevth of
   Stxain ?14S•
    MedSum centaLned 10 s of peptene snd S g
   of NeCl ln 1000 ml of tap vater (pH 7.0),
   Cultutes vere cerrted ovt' at dSfferent
   temperatures for 2 daye under statÅ}onary
   cendition,

above 37"C. According to the descriptton
by Stekes (4) based on optÅ}mum growth tem•-
perature, the organism belongs to obligate
psychrophtle. On the other hEmd, the
straSn belongs to facultettve psychrophile
by the deftnition of Hagen a"d Rose (S7)
whtch places stress on the maxÅ}mum tellrper-
ature. Because of its ability to grow at
relattvely htgh temperatures, Å}t seems more
praetical to follow the latter deftnttton.

Taeononic etudiee on the isoZated bac-•
  ter.iun? Pl45•
   The results of taxonomia studies are
summarÅ}zed in Table IT amd Fig. 2. The
strain P145 was unbranched rods, oecur.
red as slightly short chaÅ}ns, non-motile,
no actd-fast and with no gas from carbo-
hydrates. Sarne results were obtatned Sn
all tests which were carrÅ}ed out at SO
and 280C,
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TABLE II. CHARACTERISTIC OF ISOL,ITED
            BACTERIVM

Morphological; '   Ce!ls vere straight rods vith reunded ends,
  O.5 by 1.4 p. Usvally single, occasionally tn
  patr V-shaped and irregular mass. Gram--pesi-
  ttve. Nen-mottle, noflage!lvmand noaspering.

Cultural;
  1) Nutrient agar coleny: Circular, smoeth,
    entire, cenvex and mtlky-vhtte to yellow
  2) Nutrient egar slant: Moderate growth, filt-
    form, glt6tening and mtrky--vhite to ye!lew,
    Medium vas brevned.
  ]} Nutrtent breth: Moderate turbtd, and pel-
    licle was somettmes seen. Viscid yellow
    Gedtment, no odor. Amoun: ef -seditoent was
    scanty.
  4) Nutrtent agar stab: Growth vas scanty,
  S) Gelatin stab: Ctevth occurred at top scantt-
    ly. LÅ}ne ef puncture was viilous, not ltq-
    uefaction• '

Physiologtcal:
  1) B.C.P. mtlk: Sltghtly actd productSen.
    Soft eoagulation was fer"med. Coagulation by
    Lab enzyme vas negative. No peptentzatton
    was ebserved after 7 days•
  2) NÅ}trite: ?roduced frem nitrate.
  3) Indele; Not fermed.
  4) Acetyl taethyl carbinol: Not formed.
  S) Hydregen svlfide: Produeed.
  6) Mechyl red test: Negattve.
  7) Sterch: Not liquefted.
  S) Vreases: Present.
  9År Catalase: Present,
 10) Chromegenesis; Absent.
 11) Ne actd-fest•
 12) pH ranse: Optimvm pH 6.0 to 8.5.
 13) Relatton to free oxygen: AerobÅ}c.
 14) Acid but no gas from arabinose, galactose,
    glucese and xylose.
 ISÅr Source: IsoiatÅ}on frota soil,
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   From these results, it was conciuded
that this strain beiongs to genus Brevi-
bacter'iwn, making reference to the Bergey's
Manual, 7th edition. From the comparative
studies among the known species in the
genus, the tested strain was similar to
Brevibacterium cmmroniagenes in physiolo7
gical eharactertstics, except for the re-
actien to carbohydrates. The Bergey's
Manual states that B. cvnmoniagenes does
not produce acid a:d gas frem carbo-
hydrates. The tested baeterium, however,
produced aeid from arabinose, glucose,
ga!actose and xylose. Thus it could be
concluded that the strain P145 was a new
species.

NutrvttionaZ pequirement at 50 and 2eOC
   The nutritional requirement was deter-
mined at 50 and 28eC by the oTnissien of'
amino acids, vieamins and bases from the
coTnplete medium. The results (Table rlr)
show that at 28eC, in the basal medÅ}um
the organtsm scarcely grew, but in the
compleEe medium supplemented with enino

   TABLE !Tr. NVTRTTIONAI. REQU!RE)SENT AT
              Se A)ID 28'C

    Complete rnedtvm eontained bases, utno
acids amd vitaulns tn the basal medtum. Base
mtxture contained 5 ug/ml eaeh of adentne, gaa-
nine, uractl and xanthine. AmÅ}ne ectd mtxture
centatned 2.5 mg/ul of casanino acid, O.1 mslml
of L-eyscetne and O.OS mg/ml ef DL--tr"yptophan.
Vttanine nrtxture contained 1 vg/ml each of thi-
amine HCI, rtbeflevtn, pyrtdoxtne HCI, rtteetin-
tc acid and .Ca-pantothenete, and O.2 uglml ef
p-amtnobenzetc acid and O.Ol pglul each of
foltc ecid and bietin.

Greitrth (OD at 610 mp)
Hedtum rt28C SCÅqafter 24 hr) (after 72 hr)

Basal tnedium
Conrplete medium
Cemplete medium
  - bases
Compiete medium
  - amtno actds
Co rp1ete nedtum
  - vttamins

o.oso
O.430

O.425

O.062

O,4SO

O.400
O.450

O.432

O.375

O.470

acids, vitamins and bases, normal growth
was observed. In the case of the oulsston
of amino acids from the complete tnedium
the growth occurredto the sirnilar extent
as in the basal medium. It appeared that
the organism required sorne amÅ}no acÅ}ds
but not essentially required any vitanins
or bases. On the other hand, at Sec,
there was very littZe dtfference of growth
observed between basal and cemplete
media, so the organtsm has no indispensable



TiU5LE rv. IL)llNo ACID REQUrRMENT AT 2B"C

    L•-Fenn amtne acSde and glyeine were
in cencentratten of rOe ug/ml end DL-form
amLne actds tn 200 pslmL.

added

Amine ecÅ}d

Growtht(OD at 610 mv)
    after 24 hr
Amtno actd Amine aeid
 addttien omtsston

ÅqBasal medtum)
All atutno acids
DL-Asperttc acid
L-Clutemtc actd
GlycSne
L-HistSdine
DL--Methtentne
DL-Phenylalanitte
PL-Valine

tested
o.oss
O.360
O.050
e.o6o
o.oso
o.!oo
O.370
O.04S
O.040

O.310
O.3SS
O.3SS
O.370
e.oso
O.360
O.36S

tGrowth
dttuted

vas expressed
breth.

as OD at 610 mu of 2-ford

nutritienal requtrement.
   From the results described above, it
was recogntzed that the organism required
seme amino acids ottly at 280C. Then, the
amÅ}no acid requirement of the organism at
28eC was examined. !t was observed that
the grovth was sttmulated by the additton
of DL-methiontne to the basal medium and
was depressed with the omission of the
amÅ}no actd from the eomplete medium,
Therefore, the organism indispensably re-
qutred methionine at 280C (Table rV).

rate but that after 24 hr no difference
in growth extent oeeurTed in any media.

                               tJEffeet of temperaturoe on methtonzne re--

  quirement
   The relationship betveen methionine
I•X3g:Ell,r:2:,a:S g:l:xi?i.k;e:er:E"Ex.wes

puip-disc method. The agar used was
ig'gO;ig:hxl'Eh",•,.a2,En:ga.\inlgtX,int:,iglE'g,lgi'E.,iid

X:r've5h:tM2g:S:%::,E:qX`iE::;"Eh:.aS2gbeE,

whereas below 200C the organisrm grew mod--

eralixly.gg.tr2gt,e:.t::2:d'":A., f.r tnfer

that a biochemical blocking occurred at
:e,gt:t'".it.:g,2f, ::.e,:;.t::::n2,gc2sxsgh,?-

The organism was precu!tured in the basal

 TABLE Vr. RELArlONSHZ? BETWEEN METH:ON!NE
         REQUrREMENT AM) TEMPEIkeA,TURE

    rn order te test the gTevth response ter
DL-toethtentne, the pulp-dtec method vasegpleyed.
The pulp-disc soaked 2 mg/ml DL-methientne
solutÅ}en vas placed on the beeal ager plate
whÅ}ch vas smeared the vashed cell suspenston on
the plate, rn place of DL.methtontne selutien,
detenized water was used as :he control.

s

Te rperature {"c)

10 IS 2e 28 37

TAPLEv. cRowrH pRomoTINc
  VrTAMINS AT 28'C

EFFEcr Or Controi
Crewth tesponse
 for methionine

+
+

+

+

+

+

+
+

-

+ +

same
Ceneentration
as descrtbed

 of vitamtns sdded was the
in Table IZI.

TABLEVII
Grevth" (OD at 610 mvÅr

VttamLn MethionSne
no addttion
  (24 hr) CZ2 hr)

Methtenine
 addltien

(2a hr)

e,46o
O,460
o,a4o
O.460
O.4S7
O.440

o.azo

O.430
O.440

. EFFEer OF PRECULTURE CONDrTrONS
ON METHIONrNE REQUrREMENT
    AT s" ArlD 2sec

(nassl medium)
rhtutne
Rtboflavtn
PyrtdoxÅ}=e
NtcetSnic actd
?antothenste
p.Aalnebenzotc
 ecid
Volic acid
eSotin

o.ooo
o.ooo
o.ooo
o,ooe
o.ooo
o,ooe

o.ooo

o.ooo
o.ooo

O,200
O.370
O.IBO
O.210
O.20S
O.200

O.19S

O,230
O.290

    Cells srovn tn the precultured broth va6
vashed three times vith saline and guspended Sn
the seline. One tenth ta1 of the cell suspen-
ston vas tnoculeted to the eBsey medium. The
preeulture condÅ}ttons vere as feliows; a) eul-
                                  at 28ectured st 2S'C for 3 days, b) eultured
fer 10 dnys, c) cultured at 28'C for 3 days and
then t"alntatned at S'C fer 7 days, d)                                  cultured
at S'C fer 10 days tn the basal medtum. Crawth
vae measured efter 72 hr wtth 50C culture and
after 24 hr wtth 2S'C culture.

tGrowth vas
fold diiuted

eTpressed
 broth.

as OD at 610 n" of 2- Culture
 temp•

Afieay medtum
Crowth (OD at 610 mu)
Precultural cenditton
(a) CbÅr {c) (d)

   rhe growth premattng effeet of vitautins
tn the DL•-snethtonine-supplemented Bynthet-
ic nedtum was investigated at 28"C (Tsble
V). Observetton of growth after 12 hr
revealed that the aadi:ton of thiamine
and btotin stlrmilated the initiai growth

s'c

28'C

Basal medtum .18S
HethtonÅ}ne             .210 supplemented

Basal Medtum .OOO
Hethtontne             soo euppletnented '

.i20 .200 .2oo

.iSO .230 .310

.Ooo .Ooo .062

.210 .28S .320

Åqs)



medium at SO and 280C fer various periodS,
and the washed eell suspenstions were inO-
culated tnte the fresh basal and methtontne'
added media. When the baBal medium ino-
culated with the cells grovn at 280C was
Å}ncubated, no growth oeeurred at 280C.
However, the incubation at S"C revealed
the normal grovth even by using the 10
days culture at 280C as the inoculum.
While, employing cells grewn at SOC as
the inoculum, the seanty growth was ob-
served in the cuiture in basal medium at
280C (Table VII). Therefore, it ts sug-
gested tbat the block of methienine bio-
symthesis at 280C mey be off at 50C.
These facts could be' accounted as

 follows; eertain enzymes for methionine
biosynthesis may be reversibly inaetivat-

 ed at 280C.

ldentifieatian of L--glutarrric actd and
  L-aZanine
   L-Glutamic acid and L-alanine aceurnu--
lated Å}n the cuitured broth were !dentifi-
     'ed as described below. Fer the identifi-
cation of L-glutamÅ}c actd, the manometric
methed using L-glutamie aeid decarboxylase
prepared from Eseherichia coZi (65) was

   rABLE V!rl. IDENTIFrCATrON OF L-GLUTAMIC
           AC:D AtU) L-ALANrNE

    The L-amSno acids were determined by paper
chromategraphtc and bielogical metheds. The
biologtcel methods vere the manometxtc method
using L-giutaule acid decarboxylase ef Eecheri-
chta ceZi for L-glvtamic acid and the mtcrebie-
logtcal method using Leucanestoc oftroVOnaJ
for L-alantne.

Chrematographic Biolestcal
Satrple Glutamic             Alantne        acSd
       (mglml) (mgtml)

L-Clutamic         L-Alanine  acÅ}d
 {mg/ul) (tug/mi)

lt

2-
5.SO

e.o7

e.72

2,S4

S.20

O,09

1.oo

2.2S

 tBreth cultvred at 5'C for 10 days.
MBroth evltured at 280C fer 4 days.

employed. For L-alanÅ}ne, nicrobieiogtcal
analysts ustng Leuconestoe edtrovor,tmi (66)
was earried eut. Results were summaTized
in Table Vlrl. The values obtatned enzym-
atically or biologtcally eoinctded to
those measured by paper chromatography.

CleiZtu,al condition
   Some cultural condittoms favoring the
accumulatton of L-gZutamic actd at 50C
were examined.

(9)

1) Gr'etuth substance. VarÅ}ous grovth pro-'
moting substances shown in Table IX were
added te the basal medium, Tt was denK)n-
strated that peptone and meat extract gave
a eensiderable stimulative effect on both

    TiUSLE IX. EFPECT OF GROWTH SVBSTANCE ON
      GLUTAHIC ACID PORMALTION AT SOC

    Cultures vere performed with addttton ef
each grovth svbstartce (O.2Z) to besel medium at
5"c for 8 days.

 Grovth
substance

Grovth
(mglul)

GlutamSc actd
  (mglul)

None
Peptone
Yeast extract
Meat extraet
Casanino actd

2.0
3.S
2.7
4.3
2.B

O.72
3.90
1.l4
3.78
1.88

growth and L-glutamic acid accumulation,
whereas yeast extract and casamino actd
dtd not show any notteeable effect.
2) CZvtcose concentratian. The effect ef
glucoseconcentration in the medtum on the
amino ac!d accumulapÅ}on and the growth
was tnvestÅ}gated. the results are shown
in Table X. It wes ebserved that the op-
ttmum cencentration of glucose was 3Z and

TAeLE X. ErFECr Or GLUCOSE CONCEN rRATION
   ON GLU'!A)lrC ACID PORHATrON AT 5'C

    Cultures vere performed vSth the bedtum
supplemented vith O.2Z peptone et S'C for S
days.

Clucose (Z) Crevth
(uLg/ml}

Glutemtc aeid
  (mgIul)

 3.0
s.o

 7.0
10,O

4.3
3.8
1.2
L4

S.S8
4.08
O.S6
L77

that the htgher concentration caused the
lower yield of L-glutamic actd as well as
the peor growth.

Effeet ef temperattcr,e
   Five mtlliiiters oi the broth euitured
in the basal medtum for 3 days at 50C
was ineeulated Å}nto 100 ml ef the rnedÅ}um
Å}n a 500-ml flask. The culture was in-
cubated at S", 15" or 28"C. As shown Sn
Table Xl, the htghest extent of growth
was obtatned at ISOC. Although the rnaxi-
mum growth extent reached most rapidly at
28eC (after 2 days), the eell ytelds were
lower than those .at other temperatures.
As regard to the amine aeid aceumulatÅ}on



TILBLE: U. IlrrECT O? TEHPIIRAme
   ON AMrNO ACrD PORMATION

    Cultvres vere performed vith the medÅ}um
supplenented vtth O.2Z peptone.

            Haxtmum
t: ." i:l"ebr"attiuOr"e(Ts.giSilLs')Li?:i:yy

Amtno actd
ClvS AIa-- after
  (mglml) (day)

 s'c
IS
28

S.2
S.7
4.0

4
3
2

5.88
1.S8
O.21

O.38
1.00
2.S4

8
6

4

tGlutaulc acid, ttalanine.

at 5'C, L-glutamLc acid was mainly accumu-
lated and L-alanine was only slightly,
whereas at 28"C, the main product was
L•-alanÅ}ne but net L-glutanic acid. At
15eC, both amine actds were accumulated
Å}n the same extent which was almost the
mean of those observed at Se and 28"c,
   The time courses of amÅ}no acid accumula-
tion at S" and 280C are presented in Fig•
3.

Effect of the acldition of' methionine,.
  thiamine ctnd biotin
   As descrÅ}bed previously, Brevibacterium
sp, P145 requires methiontne essentially,
and thtanine and btottn accessorily.
   Reiationship between productivtty of

amÅ}no actd and nutrittonal requirement of
the organism was tnvestigated. In the
expertment, the tnoculum was prepared from
the washed cells grown fully in the basal
medium at SOC. 1"hen DL-methtonÅ}ne (200
vg/ml) was added in the basal medium tbe
growth was rather lower. Although the
ytelds of the amino acÅ}ds were lower com-
pared ntth the Åëontrol, main products
were conststently L-glutamtc acid at 50C
and L-alanine at 28eC. BÅ}ottn did not
affect the arnÅ}no acid formation. On the
other hand, the L-alantne accumulatiom
at 28eC seemed to be tnfluenced in some
extent by the concentration of thiamtne
added. !f the excess thianine, (S•O
vglml) was added to the basal medium sup-
plemented with methÅ}onine, the rate of
L-alantne accumulatton decteased. rn the
case of thtamine deficteney, L-alantne
was the matn product of the eulture at
280C (Table XIZ). In the alanine accum-
latton, th!amine might play an important
role. Tanaka and Kinoshita (67) repert-
ed vith eaciZZus Zentu6 that alanine pro-
ductton increased with the suboptimum con--
eentration of thtamine even if the biottn
level was htgh. The fact that alanine
was aecumulated at 280C by the stratn P145
seemed to agree wtth the accessory re-
qtttrement of thtamtne at 280C as' the case'
of B. Zentus.

 =30
  E
 sg2o

  glo
  g
  Uo            O 2 46 8 100 2•4
                         Incubation time (day}
          Pts. 3. rttne Coutie of JLmtno ILctd ?ormatton st 5' aud 2B'C.

    )Sedtum centatned 30 g ot slueoee, 4 s of uree, 1 g ef K2HP04, 2 s
O.S s of HaSO-.M20, 2s of pep:one end 2 mg ef phenol red tn 1000 tl of
(A); slucose, (e) slututc actd, Åqe); alantne, (O); srevth.
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 TjUSLE XII. EFFECT OF HETHroNINE, BrOTIN

The baBal medtum menttened Å}n Matertais
 medÅ}um supplerrRnted with DL-tnethiontne

AND

and
wes

THUUf NE ON naNO ACIn

MethodB -ras synboltzed
s)rmbolyzed by GU)S.

 VORM"LTrON

ty GU and the

Basal
medtum

Culture condition
et 28 C for 4 days at 5C for 10 days

Additten
(ug/ml)

Glutacic
  ecid
       (ng/ml)

Alaniue
1"MIEii[IE

actd
(mg/mL)

Mantne

ou
ou
GU
av
cru)(

GUM
GUM
GUM
GUM
anf
GV)t

(Basal medtum)
DL--Hethionlne
DL-MethÅ}onÅ}ne
DL-Methienine
Btottn
Biottn
BtotStt
Thiutne HCI
Thtamtne HCI
Thiamtne HCI
?eptone

  20
 200
2000
   O.O05
   O.05
   O.5
   O.5
   1.0
   s.o
2oeo

   (no
 tt
 tr
 tr
 tr
 tr
 tr
 tr
 tr
 tr
e.6e

grovth)
O.68
O.67
O.72
O.60
O.72
O.80
O.60
o.6e
 tr
2.34

O.70
O.62
O.90
O.80
O.88
e.6o
O.70
O,98
o.ge
1.00
4.61

 tr
 tr
 tr
 tr
 tr
 tr
 tr
 tr
 tr
 tr
O.70

tr: trece

EÅífect of abrupt temperature shift on
  ann no aofd for'mation
   This series of experiments were made to
establish whether, after temperature shift-
ed, the anino aetd accumulation by the
organism was changed or not. Bpevibac-

     4.0

  =
  E
   g
  V2.0
  :
  c"i'

  -
      o

  =
  Ea2•O

  5
  g
  (  )o
          76 543 21O 1234                         (shi ft}
           Incubation period Åqday)
rts. 4. Effect of Abrupt Temperature Sh:ft frem
    S' to 2e'C on the Fottaatten of AmSno Aetd.

     )Sedtum was the satne as descrÅ}bed tn Ftg,3.
      (aÅr: Culture was perfo:tbed et 5e for 8
    days,
      (b): rncubatten tempereture vas shifted
    efter 4 days eulture at S"C,
      (c): Zncubatton temperature was shÅ}fted
   after 2 deye-cvtture at 5'C. '
      (d): :ncubetton eempereture vas shtfted
    after 1 day culture et 5'c.

sec 2sec

(a)

(b)

(c)

qd)

(dÅr

(a)

c

Åqb)
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    .tenum sp. P14S was cultured aerobically
in the peptone-supplemented tnedtum at SO
and 280C. After these cultures reaehed

    4.e
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          43210 1
                  (shi ft)

           Incubation
Fts. S. :ffect of Abrupt
    2e' to S'C on the

     1(edtum was the same ae
     Ce): Cule"re "as
   days.
     Cb): rncubatioa
   after 3 days culture at
     (c); Incul)atten
   after 2 days eulture et
     (d): lncubatten
   efter 1 day culture at

280C 50C

(a)

(c)

(b)

(b)(a)

.(c)
(d)

   period
  Temperat"re
Formatton

 perfermed

teoperature
     28'C
temperaturt
     2eec
temperatute
    2sec

2345
     (day)

       Shtft froe
   of Amtne Aetd.

detertbed tn ?tg.3.
    at 28•C fer 4

    vas shitted
   '
    ves shtfted
   .
    was shtfted
  '



the eertatn gtages, the te rperature "as
raptdly changed to 28" and SOC respectivet
ly• Etgures 4 and 5 represent the effeet
Of the te"rperature shift from 50 to 28eC
and 280 to sOC on the aecumulations of L'-
glutamtc acid and L-alantne. Although L-
alanine was scanttly produced at SOC, after.
the shift from 5e to 280C the production
Of L.alantne occurred abruptly. As to L'-
glutamic actd, the accumuiation continued
even after the shift to 280C, although the
rate of the fo:mation was considerably de-
PresBed compertng with the eulture at 50C,
rn the case of shift dowrt (from 28" to
50C) the fenuation ef L--alantne stopped
completely and L-glutamic acid was pro"
duced progressively. From these results,
it is assumed that the converston ef
Matn produets by changing the incubatton
terrperature refiects the substantial dif-
ference of metabolic processes at eaeh
temperature. Such alteration by incuba-
tion temperature is remarkable especially
Å}n L-alenine fonnatton. It is presumed
that the organtsm has a cold--sesitive step
tn the L-alantne btesynthesÅ}s.

Effect of tempeiqature on L-gZutamtc acid
  and L-aZanine dehydrogenases aetivities
   In order to expla!n enzymatically the
conversion of fermentatton by tncubation
temperature, the presence and acttvtty of
L-glutamic acid and L-alantne dehydrogen-
ases in the eells which mÅ}ght be the last
Bteps of btosynthests of L-glutamÅ}c actd
end L-alanine, were examÅ}ned. As shown

e=mk:

O.15

O.10

O.05

rig.

   o
           2
      Renction
 6. L-Clutaulc AcÅ}d
at S' and 2S'C.

 Reactton ntxture
L-slutamSc ectd, 1
of phoephste buffer
protein) of entyme
ml. The enzyne -tee
grcyvn at 5'C.

  46period (min)
Dehydrogenase Acttvity

contetned Se "moles of
vmole of NADP, 200 "melee
 (pH 8.3} and 3 ms (ae
tn tetai velum of 3.5
 prepared fron cells
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O.15

O.10

O.05

  o

          246        Reaction period (min)
 7- L-Alsntne Dehydrogenase ActtvSty at S'
and 28'C.

 Reaction mixture contatned 50 "moies
ef L-alanine, 1 "moie ef NADP, 200 pmoles
of pbosphate buffer (pH 8.3) and 3 ms (ae
protetn) of enzytae Sn total velume of 3.S
ml. The enz)rme wes prepared from ceils
srovn at S'C.

in ?ig. 6, the dehydrogenase activtty for
L-glutamSc actd vas observed at both 5e
and 28"C. On the other hand, L-alanine
dehydrogenase acttvity was not apparent
at SeC (Fig. 7).
   The stoÅ}ehiometry of the reverse re-
actions in shown in Table XIrr which de-
menstrates that the amDunt of reduced NAI)P
is approxtmately equivalent to the arrx)unt
ef L-glutamtc actd and L--alanine fonmid.
   Vstng the cell-free e;ctracts prepared
from eells grown at Se and 280C, the spe-

   TiUILE XIIT.STO:CHrO)tETRY OF L-CLUTAMIC
     ACID AND L-•ALANINE DEHYPROGEIIASES

    O)cidaLion ef rUU)PH ves meesured by e de-
crease tn OD et 340 mv. Glutamie actd and ala-
ntne formation vere determined by paper chro-
matogTaphÅ}c tnethod. Reactton mtxture contatned
50 pmoles of u-ketosluterate er Na-pyrvvete,
120 pmoles of {Nll02SOlj, O.S unole of )UU)PH,
200 ptnoles of phesphate buffer (pH 7.8) end 3
mg (as protetn) of en:yme in total volume of
3.S ul. The reactton vis carried eut at 2B'C
 ,for 10 mLn,

Deh dro enatton of
L-Clutenie
  acSd
  "tole

   -L-AIAntne

  l,Nle

IUU)ru
oxidt:ed

AnSno actd
formed

o.4e

O,36-

O.32

e.sot-

-GlutamSc actdi lt-elantne.
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TABLE XIV. S?EC:FIC ACTIVITIES OF L•-GLUTAMIC
     ACrD AND L-Ar.ANrNE DEHYZ}ROCENASES
             AT S' A)tD 28eC

    Reactton mixtures were the same as describ--
ed tn FSgs. 3 and 4.

Reactton
  tetup .
  (oC)

Substrate
s\ges Euftgg?
 coenzyme
NAD NAD? NAD NADP

5

28

L-Glutemate
L-Alanine

L-Glutamate
L.pAlentne

O.OO S.33
o.oo o.oo
O,OO 41.6
O.OO 30.0

O.OO 8.33
o.oo o.oo
O.OO 36.7
O.OO 22.1

L

[

eÅ}fie aetivities of both dehydrogenases
were deternined at 5" and 280C. As fer
ce-enz)nne specificity, the enzymes were

found to be speeifÅ}c for NADP in the de-
hydrogenations of both amino actds, but
NADP could not be replaeed by NAD (Table
XIV).
  .As shown tn Table XIV, regardless of
the temperature of the cultivation, the
eell-free extract showed the dehydrogenase
aettvities at 28"C for both amtne actds
but at SeC, L-alanine dehydrogenase activt-
ty was not ebserved. The extraet from
cells grown at S"C shoved L--alanÅ}ne de-
hydrogenase aetivÅ}ty in the reactton at
280C but not et S"c. rt follows from
these results that the erganism is able
to synthesize the enzyTTte at 50C but the
       .enzyme is not aetive at the low terrrpera-
ture. The results obtalned at enzyme level
are in accord wÅ}th the informatÅ}on from
culturai experirnents (FÅ}g. 4,5). L
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     An attempt has been rnade to isolate the bacteria capable ef aceumulattng
aTmLno acÅ}ds during the growth at low temperatures from various natural sources.
A psychrophilte strain P14S formLng glutarnic acid at 5eC was obtatned and
tdentified as a Brevibacter,ium sp. P145. The baeterium grew !m the range
of OO to 37eC and exhibtted the optimum growth at ISOC. The baetertum was
deftned as a facultative psyehrophile,
     The strain strictly requÅ}red methiontne only above 28eC; belew this
temperature it grew normally without the amino aeid. When methlonine was
added thtaulne and biottn stimulated the growth of this strain at 28"C.
   With the bacterium, the effect of Å}ncubation temperature on the extre-
cellular amino aeid accumulatÅ}on has been examtned from eultural and enzy-
mological potnt of view. 'The strain was found to aecumulate L-glutamic hcid
up to 5.88 mg/ml and L-aianine O.38 mg/ul at 5eC, whereas Å}t Eermed O.21
mglml of'L-glutamie actd and 2.54 ing/ml of L-alanine at 28eC.
   The accumulation of L-alantne in the mediurn at 28"C seemed te be releted
to the thiantne requtrement of the organism. !m the case of thÅ}amtne de-
ficÅ}ency, L-alanine was the main product tn the culture at 28eC. When ehe
incubation terrrperature was abruptly shtfted from 28e to SOC or from 50 to
2S"C, the amLno acid accuTrulation was also changed to that of the final
temperature. L-Alantne dehydrogenase extsted even in the eells grown at 50C
but was not active at this low temperature, These results were tn accord
wtth the tnfo=nations obtatned from cultural experiments.

(13)



CHAPTERII

ORGANrC AC:D FORMATION BY A
          BACTER:U)C PSEUDOMOiVAS,

PSYCHROPHrLrC
             c)
SP. B--71

rNTRODUCTION

   In previous chapter, the author has
descrtbed on the termatton of amÅ}no eK ids
by a psyehrophilic bacterSum. Durtng the
eourse of the isolation ef psychrophiles,
a bacteriurn which was abie to produee sue-
cinic acid at a low temperature was ebtain-
ed. Further, Å}t has been found that the
organism vas able to produce a dÅ}fferent
organÅ}e actd at hÅ}gher temperatures. The
author has therefore investtgated the ac-
eumuZation of organic actds at various
temperatures by thts psychrephiltc bac-
tertum and some faetors contrtbuting to
the elteratton in the products.

r,UNTERTALS AND METHODS

Meroorganism. The erganism used prSnct-
pally in these experÅ}ments was a bacterium,
stratn B-71, which was isolated from the
water of Lake Biwa.
Mediuin ctnd eultivation. The medium for
organte acid formatÅ}on consÅ}sted of 7.0 g
glucose, O.4 s (NH02SO-, O.2 g K2HPO-,
O.i g KH2?O-, O.05 g MgSO",7H20, O.2 g
yeast extract, and 2.0 s CaC03 tn 100 ml
of tap water, pH 7.0. ?Å}fty mUlÅ}ltters
of the liqutd medium was placed tn a SOO
ul shaking flesk and inoculeted wtth 2
ml of broth whÅ}ch had been sub-cultured tn
the same medium for 3days at 10eC. In-
cubation was carried eut on a rectprocal
shaker (130 eycles per uln) et the de-
sired temperature.

Peternulnation of gravth. In order to
dtssoive the precipitate of CaC03 in O.1
ml of 1N HCI was added to 5 ml ef cul-
ture broth and then the optteal destty at
610 mv was measured,

Paper ehromatography. A small azcount of
Dowex SO (H+) was added to culture broth
from which the cells had been prevtously
removed by centrtfugatten, and then an
aliquot of aeidtfied supernatant was spot-
ted on a pÅ}eae of Toyo ftlter paper No, 53.
Chromatographtes were developed one dt-
mentÅ}onally wtth the following selvent
system: n.butanol-aeetie acid-water (4:1:1,
vlv), n-butanol-formie aeid-water (4:1.S:1,
vlv), ethanol-methanol-water (9:9:2, v/v),
and n-butanol-pyrtdine-water (6:4:4, vlv)
(68). The ftrst two solvents were used
for the identtfieatton of general organtc
actds, and the lest two were used for 2-
ketogluconie acid. The otganSc actds were
located by spraying, ustng O.2Z bromophenol
blue in 99Z ethanol and 2-ketoglueonie actd
using 2: o-phenyle=edtemine dÅ}hydrochloride
in 80Z ethanol.

AnaZysie. The amount of suectnÅ}c aetd
was determtned manometrÅ}eally ustng suc-
cintc dehydrogenase from the muscle of
pig's heart accordÅ}ng to Singer and Kearney
(69), 2-KetogiuconÅ}e aeid was determtned
by a spectrophotometrie measurement of
the corrrplex formed between the acid and
o-phenylenedtamLne aecordtng to the method
of DeMoss (68). Protein wae d,etemnined
accerdÅ}ng to the me:hod of Lowry et aZ.
(63).

Prepczration ef ceZZ extraet. The cells
tn the culture broth (1000 mi) were har-
vested by centrifugatton and were washed
with O.Ol M petasstum phoephate buffer,
pH 7.0. The washed cells vere suspended

(14)
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in approprSate volumes of the above buffer
and treated with a 19 kHz Katjo-Denki ultra-
sonic oscillator for 10 min. The cells
and debrts were removed by centrtfugation
at 12,OOO X g for 30 min, The resultant
supernatant was used as the cell extract•
Measur'ement of succinate dehydrogenase
  acttvttv. The suecinic dehydregenase
tn the ergantsm was determined by a mano--
metric method (70). The complete reaction
system tn a Warburg flask eontaÅ}ned 300
umoles of sodium suecinate, 2 pmeles of
methylene blve, 50 umo!es ef potassium
cyantde, 200 urnoles of potassium phosphate
buffer (pH 7.0), enzyme and water te 2,3
ml, a ftlter paper wtek laden wSth O.2 nl
of 40X KOH was placed in the eenter well•
The aetivity was expressed as Qo2 whieh
was defined as the uliter of exygen ab-
sothed per mg protein during 1 hr. "
Meczsurement oj' pe6piratery activity.
   9o2 values for glucose oxidatÅ}on were
determined by the manometrteal techniques.
Each flask contained 200 umoles of glueese,
200 pmeles oi potassÅ}um phosphate buffer
(pH 7,O), cells or cell extract and water
to 2.3 ul, and O.2 ml of 40Z KOH tn the
center well.

RESVLTS

rsoZaticm of an erganic aetd-forvning
  psychrophiZe
   Baeterla whieh were able to grew at
Se to 100C were isolated from samples
of setl, or from river or lake water.
Arnong the 1000 tsoiates, one bacterium,
stratn B-71, showed a Tnarked accumulation
ef an organic acid after cultÅ}vation at
iOOC, This organism was used in the
following experÅ}ments.

Taxonemic stnLdiee of the iseZated baeteri:um,
  sta,ain B-71
   The results of taxonomic studtes are
summarized in Table 1, The strain was a
Gram-negative, Kovacs' oxidase posittve,
asporogenous rod with a poliar flagellum
which produeed diffusÅ}ble yellow pigment
and fluorescent pigment and was oxÅ}datÅ}ve
in Hugh and Leifson's medium. Om the
baBis of its properttes, the organism was
plaeed in :he genus Pseudomenas: moBt of
the charaeteristics of the organism are
sÅ}utLlar to those of Ps. fZuo.reseens whteh
are described in Bergey's Manual of De-
teminatÅ}ve Bactertelegy, 7th edition,

(IS)

TABLE 1. BACTERIOLo6ICAL CHARACTERISTXCS
          OV STRA,rN B-71

l.

2.

Morphoiegtcal
Rod, everage O.S te 1.2 u, vtthout ende-
spore, Hettle vtth a pelar fJaselltm.
(tram negattve.

Physiologteal
Gelattn ltquefactten Peeitive
Actten en milk Alkaline
Indole formation Nesative
Nitrate reduction Positive
H2S fermettott PeBttiveCataJase PesitiveUrease PesÅ}tiveHugh and Lettson'e medtun Oxidattve
KevaÅës' oxSdase Peetttve
Dtffusible ptgment
 Ktng's medÅ}um A Pele yellow
 King's medtum B PIuorescent yeZlow
?roductten of actd frem glucose, euerose
 starch and dextrSn.

                                   -

although some d!fferenees were seen tn the
carbohydrate assimilatÅ}ons. The organtsm
was tentatÅ}vely assigned the name P6euclo-
,nonctB sp. B-71.

Crouth temperature of the organism
   Flgure 1 shews the grewth eurves of
the organism at various tetnperatures.
The organism was able to grow over the
temperature range from OO to 3SeC.
The optÅ}mum temperature was found to be

4.0

A3.0sl

o's,

9
S 2.o
g

,IIi

FSS.

1,O

o

  15o

2oo

28o

'3so

37o

1oe

   O 24 48 72 96 120
           Period (hr)
 1. Effect of Temperature on Crowth ef
Peeudcaionae sp. B-71.

 The composStton ef the medium as follevs:
peptone, 1,O g; yeagt ext=ect, O.S s; glu-
eoee, O.S g; NaCl, O.S s, tn 100 al of tap
vater, pH 7.0.            CultSvatten vas carrted out
ea a reciprocai shaker Åq130 rpm}.



280C. Therefore, the organism was elas-
sified as a facultative psychrophtlic
baetertum, accprdtng to the descrtptien
of Stokes (12).

Detentnation of or.qanie acid aecumu-
   Zatien in cuZture b?oth at 100 and 280C
   The eultivatton was carried out in a
2 ltters flask containing SOO ml of medÅ}um
at 100 and 280C for 8 and S days, re-
SPectively. Theeulturebroth was acidifi-
ed to pH 2.0 with eoncentrated hydroehloric
acid; eells of the broth were then remov-
ed by centrtfugation. An aliquot ef the
breth was errrp!oyed for the identtfication
ef organie acid by paper chrornatography as
described in )tatterials and Methods. The
succtntc acÅ}d spot on the paper chrernato-
gratu was detected clearly in the broth
cultured at 100C, while in the broth
cultured at 28eC, a 2-ketogluconic acid
spot, whtch was colored green wtth e-
phenylenedtamtne, was found to have an
identical Rf value with the authentie
actd, but succinic acid could not be
detected,
   The organtc acid in the broth cultured
at 100C was tsoleted by the usual ether-
extraction methods. The melting potnts of
the isolated actd and authentie suectnie
actd were l83" to 185"C and 1840 to 18Sec,
respeetively. The infrared spectrum of
the aeid agreed well with that of the
authentic actd.
   The broth eultured at 28"C was eon•-
centrated in vaeuo at SOOC to syrup, fel-
lowed by the addittett of an apprepriate
volume of water and then to the solution
was added a slight excess of oxaiic acid.
After filtertng out the precipitate ef
ealcium oxalate, exeessoxalic acid was
extraeted out wtth ether. The aqueous
layer was neutralized with 2 N potassium
hydroxide and it was concentrated in vacuo.
When the eoncentrate was permLtted to
stand at a low temperature, plate erystals
were formed. The crystals were recrystai-
lized from diluted ethanol solutton. The
melttng points of the erystalline potas-
siurn salt and authentic potassium 2-keto-
gluconate were 148.5e to IS20 and 149e to
IS20C, respectively. The infrared spectruro
ef the produet agreed well wtth that of
authentic potassium 2--ketoglueonate.

Ef.feet of tempernture on erganie aedd
  accumuZaticm by Pseudcrmonas B-71
   From the above data, it was estabiSshed
that the ktnd of organic acid accumulated
varied with the incubation terrrperatures.
Thus, the influence of temperature on
organtc aeÅ}d aecumulation was investigat-

(16)

    TABLE rl. EMCT OV TE)CPeRATURE ON
        ORGANIC AC:D ?OemTrON

    The compesttten of the medium as fellove;
glucese, 7.0 g; NH"Cl. O.4 s; K2HP04, O.2 g;
    ", O.1 s; MsSO",7H20, O.05 g; yeest exF--aZ:9 o.2 g; ceco3, 2.o g; Å}n ioo mi ef tep

vater, pH 7.0.

Cultured
at
(oC)

 for
(day)

2-Ketosluconic
    aÅëtd
   (utg/ml)

Suectntc
 actd
(mglml)

s

10
IS
20
2S
30
3S

16
10
10

s
7
s
s

 - 7.0
25.0
24.2
i2.0

is.o
16,2
 8.4
 6.e

-: Nondetectable.

ed. Table TI shows the variation of the
organÅ}c acid accumulatton with temperature.
In the broth cultured at 200C, both suc-
cinic acÅ}d and 2-ketogluconic actd were
present. Beiow this temperature, suecÅ}nie
acÅ}d was predeninantly detected in the cul-
tured broth; At 2S" te 35eC, the'Tnatn pro-
duct was found to be 2-ketoglueonie actd.
The maxÅ}mum accumulation of succintc acid
and 2-ketoglueonic acid were observed at
100 and 280C, respeetSvely, Ftgure 2 shovs

s
X 20

vA.e.cEvKvavE=v en

75

Az
N.50

s
w8 25
g
li o

Ftg.

the
at
16.

"".Oh.h-

""'
Vb•-•

4.0

3.0 Ao
    as
2.0 8
   .v,
i.o g
    8•

o

     O2 46 8 10         ' Period ÅqdaY)'
 2. TtrNi Course for Succtntc Acid Fermatton
at 10'C.

 Cultura: conditiens were descrSbed tn ICa-
tertals and Hethode. co), glucose; (A),
srovth; (e). succinSc aetd.

 time ceurse for suectnie acid fermatSon
100C. The actd was accumulated up to
2 mglml for 8 days at thts temperature.



Effect of aeratien an organie acid
  form ti a,2
   lt is well knewn that suecÅ}nie aeid
aecumulation ts influenced by aeration
(71,72). The solubUity of oxygen in water
vartes with temperature. The cuZtivation
was carried out at several levels of aerat-
ion with a ehattging volune of medÅ}um in a
SOO ml flask. The results are shown in
Table III. In propertion to the increase

TABLE III. EYFECT OF AERATTON ON ORGANIC ACID
         FORHATTON AT 100 AND 2SOC

    The mdiuin vas the sa=e as described tn
Table lr. CulttvatSon wee carrted out on a re.
etprocal shaker at 130 rpm.

loec 2Bec

Volume 2-Kete- -t-  Å}n Succtnte glueonte Succtntc gluconÅ}c
flaek- ecÅ}d actd aetd aeÅ}d {ulÅr (mg/ml) (mglml)
 10
 30
 50
 70
1oo
200

18.3
17,6
16.S
 s.o

- 20.0
23.4
23.0
IS.O
11,2
 8.0

-: Nondetectable.
-Volume ef medium tn SOO ml flask.

in aeration, an inerease was observed in
the amount of succÅ}nte aeid and 2-keto-
gluconic acid at 100 and 28"C, respectively.
However, alteration in the main product
by ehangtng the aeration was not observed.

Suecinie aeid fomttion by the tntact
  ceLZs
   SuccinÅ}c acid fonnation from vartous
organie aeids and glucose was tnvestigeted•
The Å}ntact cell reaction was earried out
under fully aerated• condtttons. The re-
sults are presented in Table rV. !n the
reactions at 100C, sucetnic actd was form-
ed from pyruvate, citrate, and a-keto-
giutarate, but was scarcely forned at all
from fumarate and malate. :n the reaetton
at 280C, succinÅ}c acÅ}d was only slightly
fonned from citrate and a-ketogluterete,
but was scarcely formed at all from fuma--
rate and malate. rn the reaetion at 28"C,
succintc acid was only sltghtly fomned
from citrate and a-ketogluterate. No ec-
cumulatton of thts actd from malate or
fumarate was observed under the condttions
esrrp iJyed .

Effect of temper,atme on suecinate ciehydrv-
            -t  genase acttvtby

(17)

TABLil Iv. svccrNrc AcrD ?RoDvcTloN vRoH VARIOVS
       ORGANIC ACTD BY INTACT CELLS

    The reectSon ulxture in a teet tube (2S :
200 mm) cenBtsted of each orsa:ttc actd er slu'
eose, 100 vmoZes; sodÅ}um phesphete buffer (PH
7tO), '300 umoiee; cells,ioo mg, vater to a tetel
volum ef tO ul. The eezls used tn the reactÅ}on
vere ebtaSned by culturtng at each cotrespepdÅ}ng
tempereture. The reactton vas carrted out crn e
rectprocal she]cer C130 rpm) at 10 and 28'C for
5 end 2 hr, respeettveiy.

SucctnSc ectd formed

Substrate  at1C(umoleslml)
 at 28 C
C"moleslta1)

Clucose
2-Ketoslueentc acid
Pyruvate
Cttrate
a-Ketoglutarete
Furaarate
Ha1ate

4.0

 S.3
10.2
21.0
O.8
O.9

 "
 -
O.7
i.2
 .

-: Nondeteetable.

   Frem the above results, Å}t was expected
that the activtty of suecinate dehydrogen-
ase would be reduced at low temperatures.
Therefore, the activity was determined at
10e and 28eC, The results are presented
::.':b.l,e.."',.T2g,2geXg.t: a.:tlgt,t'.ggogL.ef

stderably lower than that tn cells grown
at 280C, at both reaction temperatures.

  TIUILE V. EFFECT OF GROWrH TuaERA,TURE ON
     SVCCINATE DEHYDRDCENASE ACTrVrTY

    The reectÅ}on vas carrted eut as descrtbed
t" HstertalB and Hethods.

 Cells grovtt

at foT

'iiiemlllkt!"iE'eet

10'C 28'C
10'C
10

28
2S

3 days
s

3

5

e.o3
O.04

5.S
6.0

O.11
o.io

12.S
13.S

The results presented thus infer that at
low tetrperature the for tation of the enzyme
Å}s depressed.

CZucese otidation by intact eeZZs and
  ceZZ extract
   ln order to determine whether the nature
of the cell ttself was altered by the tn-
cubatton tempereture, the tenrperature de-
pendenee of the glueose oxidatton of the
whole eell and 'of tts extraet were tnveBti-
gated. Intact cell suspensions were ob.
tained by eulturing the organiem et lo"
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Pts• 3. Co tpartsen ef the Effeet of Temperature
   en the Activtty of Clueege Oxidatton by :n-
   tact Celle Crovn at 10'and 3S'C,

     The detatlee of the reactien vere descrSb-
   ed tn )"terÅ}als and Methods.
     (OÅr, ctlls srovn at 10'C; (e), ceils
   srovn at 35'C.

or 3sOc.'  The rete of glucose pxidatibn by
these intaet cells was measured at SO to
3SOC. Arrheniusplots of the rate of glu--
ecse oxidacion by the intact eeZls are
shcvwn in Ftg. 3. The graph obtained for
the cells grown at !OeC is linear ever
the tetuperature range from 3S" to sOc,
whereas the plots ef the cells grown at
350C deviated from linearity at tempera-
tures below 2SOC, When cells were broken,
any dtfferences in the temperatures de-
pendence of glueose oxtdatton between
the cells cultured at 100 and 2SOC dis-
appeared. From these diata, it might be
thought that an alteratÅ}on of the biocheT::".-
cal organtzatton of the organism was
caused by ehanging the eulture temperature,
in additton to the change in the enzyme
actÅ}vity or tn Å}ts formatien.

DTSCUSSION

   It has been reported that 2--keto•-
gluconic acid was produced by eertatn
species of Pseudononas (73, 74). The psychro-

.phÅ}lic Pseudomenas sp. B-71 g'as feund to be
able to produee a considerable artK)unt of
2--ketoglueonic acid when eultured at op-
tÅ}mum or superoptÅ}rnum temperatures.
S"hereas, at the suboptimum temperatures,
below 20eC, no accumulatton of this actd
was observed, and succSnic acid was pre-
domtnantly produced. Lewis et aZ. (7S)

(18)

and Koepsell (76) showed that one strain
ef Ps, fZuerescen6 which oxtdized glucose
to 2-ketoglueonic acid, on further oxida-
tion produeed pyruvic aeÅ}d or a-ketoglu-
taric aeÅ}d as maJor products. In the case
of Pseuclomonas sp. B-71, however, no ac-
cumulatÅ}on ef pyruvic acid and a--keto-
glutartc actd or succinic actd from 2-keto-
glueontc actd was detected tn the intact ,
eell reactions at 280C. From these data,
this conversion of feruentative preduets
by culture teurperature mtght be said to be
the result of some alteration tn the meta-
bolic $ystems due to temperature. As one
of the aZterations a considerable reduetton
of succSnate dehydrogenase activity at low-
er temperatures was observed. The pheno-
menon was explained on the basis of the
depressSon of the enzyme formatton at low
temperature. Okada et aZ. (71) studted
the converston from glutamÅ}c acid to suc-
cinic actd productien by Brevibacteriwn
fZavum and suggested that the speetfic
activity of succtnate dehydrogenase in the
succtnte acid producing cells was conside-
rabiy reduced, compared vith that tn glu-
tamie acid producing cells. Thus, the re-
duction of the enzyme activity of Pseuclo-
monas sp. B-71 tn low temperature cultÅ}va-
tton seems te be one ef the factors Snflu-
eneing the succinic aeid formatton at thts
temperature.
   The rate of glucose oxidation of cells
grown at 300C was depressed at sub-
optituum temperatures for growth, compared
with that of cells grown at 10eC, but thts
di[ference disappeared in the reaetton with
aell extracts. It has so far been report-
ed that temperature eoefftcient differenees .
between the whole cells o'f mesophÅ}les and
psychrophiles have been found for catabolic
processes, such as glueose oxidatÅ}on and
so on (24-28). rngraham and Bailey (24)
suggested that these phenomena mÅ}ght be
due to dtfferences tn some aspects of the
biochetntcal organtzatton of the organtstu,
such as the biemembrane. Baxter and Gib-
bons (2S) suggested that the mein factors
determinÅ}ng the tempereture characteristÅ}cs
of the mechantsm for transporting solutes
tnto the cells. Further, some informations
with respect to alteratÅ}ons in the fatty
aeid composttton of mierobes by culture
terrrperature have been accumulated (30 -• 33).
It mtght be tbought that the conversion of
a fermentatÅ}ve product by culture tempera-
ture may be partly attributed to the alte-
ration of the nature of whole eells. The
detatls of thts problem are a subject for
future study.



smmy
     A psychroph"tc bacterium which formed suceinie acid at 10'C was Å}solat-
ed from the water of Lake Btwa. The organism idas classtfied as belongtng to
the genus Pseztdomonas. Thi.s bactertum was able to grow over the teirperature
range from OO to 35"C, and tts opttmum tenperature was found te be 28"C.
When the organism grew at the opttmm temperature, aecumlations of both
suceinic acÅ}d and 2-ketogluconie aetd was predpninantly aecrmlated, while
at subopttJnum te"rperatures, enly -succtntc aeid was tieetutulated. Of faetors
imfluencing the conversten ef product by the tenrperature, the acttvLty of
succtnate dehydrpgeaase in the cells, grewn. at 1ow tetrtpe,ratgre was found to
be reduced, On theotherhand, tnformatton regarding the alteratton of the
btochemÅ}eal nature ef cells by eulture temperatures were obtaÅ}ned.
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CHAPTERTl:

FORMAT:ON AND CHARACTERIZATTON OF PROTEASES

     FROM A MAR!NE-PSYCHROPHILIC BACTER!UIY[

                             SECTZON 1

PROTEASE FORMATrON BY A MAR!NE--PSYCHROPHILIC
                                                               d)
        BACTERIUI)4, PSEUPOMONAS SP. No. 548

INTRODUCT!ON

   Numerous psyehrophtlic or marine bac-
teria have been known to produce proteases
whieh are found in eulture fluid (45, 77 --
82). Among these enzynes, alkaline pro--
tease from an obligate psyehrophilie bac-
terium (80) and aminopeptidase from a
marine baeterium, Aeromonas proteoZytica
(82) have been hitherto isolated tn ultra-
centrÅ}fugelly and electrophoretically
homogeneous ferms. The physico--ehemical
and enzyrnatic properties of the purifi-
ed proteases have been reported. However,
most ef the other reports of protease from
psychrophilte baeterSa are eoncerned
primarily with the detection of enzymatÅ}c
acttvities or with the general properties
of partially purifSed enzytaes. Thus,
detailed inforrnation on the characteris-
tics of proteases of psyehrophtltc or
marine-microorgaaisms ts lintlted.
   During the eourse of studÅ}es on the
physiologtcal characteristtes of psychro-
philtc bacterÅ}a Å}solated from martne or
terrestrÅ}sl Sai!rplee, tt was shown that
proteolytic aetivities were found tn
the culture fluids of nurnerous organtsms,
Among these organÅ}Bms, a marine psyehro-
philic bactertum, strain No, S4S, sho'-ed
the highest proteolytic actÅ}vity. The

properties of the protease will be des-
eribed in thts chapter, the present seet-
ion betng coneerned with some spectftc
cuitural eondttions, sueh as the effects
of the salts in sea water or culture
ternperature en this stratn.

MATERIALS ALND METHODS

Orgcmiem. A marine psyehrophtlic bae-
tertum strain No. 548, which was tsolated
Erom sea water cellected in Sagami Bay,
Japan, was prtncipally used throughout
thts work. The procedure of microbial
Å}selation from marime matertals is
descrtbed in Chapter rV.

Mater'iaZs. The Hanunersten quality casetn
and ferric phosphate soluble were products
of E. Merck AG, Darmstadt. The DEAE-
cellulose was a gtft from Green Cross
Corporatton, Osaka, Japan. All other
chemteals used were cotumercial products.

Media
a) IseZatien media. ZoBell's medium,
composed of O,5 g peptone, O.1 g yeast
extraet, O.Ol g ferric phosphate soluble,
and 1.5 g agar in 100 ml of arttficial
sea water, pH 7.4, was used for the tso-
latÅ}on of marÅ}ne baeter,Å}a. Nutrient agar,

(20)



whtch was eemposed of O.1 g peptone, O•S g
rneat extract, O.5 g NaCl, and 2.0 g agar,
in 100 ml of tap water, pH 7.0, was used
for the isolation of terrestrial bacteria.

b) Media for protease fonnation. ZoBell's
medium exceptagar, was used for the scre-
ening of marine bacteria for protease fonn•-
atÅ}on; a medium composed of O.1 g peptone,
O•3 g yeast extract, O.5 g glucose, and
O.5 g NaCl, in 100 ml of tap water, pH 7•O,
was used for screening the terrestrial
bacteria.

   A liluid mediurn, composed of 2.0 g
bean-meal, 1.0 g meat extract, and O.5 g
yeast extract, in 100 ml of artificial
sea water, pH 7.0, was used for protease
foriatton by strain No. S48. When grovth
was being measured, bean-meal extraet
was used in place of the meal in the
medtum. The extract was prepared by ex-
tracting 2 g bean-meal with 100 ml sea
water at 1200C for 20 mÅ}n.

  The mediuin used for the culture of
tnarine bacteria was prepared with art-
ificialsea wateref the following com-
position: NaCl, 23,S g; KCI, O.66 g;
CaC12'2H20, 1.1 g; Na2SO" , 3.91 g; KBr,
O.Ol g; SrCl2 , O.024 g; NaHC03, O.19 g:
MgC12•6H20, 4.98 g; H3B03, O,03 g and
100 ml of deionized water (83).

CltiZtivation. Fifty milltliters of the
liquid medium was placed in a SOO ml
shake-flask and ineculated with'2 ml of
a cell suspenston tn sterile sea water,
freshly prepared from a slant culture.
Incubation was cerried out on a reciprocal
shaker (130 rpm) at the desired tempera-
ture.

   A Jar fermenter scale of cultivation
was carrted out under the following con-
ditions: equipment, 30 liters Waldhof
type jar fermenter; medium volume, 13
liters; revolution, 2Se rpm; aeration, 1
v/v/m (in O,6 atm.); and tnoculum size,
1 liter.

Estimation of proteoZytie aetivity.
   To 1 ml of 2Z casetn solution (pH 7.S)
was added 1 ml of enzyme solution which
was apprepriately diluted with O.05 M
Trts-HCI buffer contatning O,Ol M ealcium
acetate, pH 7.5. After 10 min of incu-
bation at 37"C, the reactton was stopped
by the addttion oti 2 ml prectpttatton-

Lreagent B (84), followed by 20 uln in-
eubation at 370C. The ltberated tyrosÅ}me
tn the filtrate of the resultant mixture
was estimated.by FoiÅ}n-Ciocalteau's re-
agent (8S). The ab$orbancy at 660 mu
was read ustng a Hitacht 101 spectro-
photometer. In the case of sereening for

(21)

protease ferTnation, the optteal densitY
of the filtrate was directly measured at
280 mv. An unit ef proteolytie activtty
was defined as the enzyme quantity whiCh
liberated 1 ug oÅí tyrosine per ml of re-
actioa mixture per urtnute under standard
condttions.

RESULTS

Sereening for protease-productng p3yehro-
  phiZes
   Abeut 670 cultures isolated from ter-
restriai materials and 348 cultures from
marine environments were used in the ex-
pertment. The organisms were cultured in
5 ml of eaeh medium in a test tube, with
shaking, at 50C. After 7 days eultivation,
proteolytic aetivities in the culture
fluids were estimated by the dtgestion
of casetn at 37eC for 30 nin. A brief
description of the dtstributton of the
stratns whieh produce protease during
cultivatton at 5"C is given in Table I.

  TABLE ;. DTSTRZBUTrON O? ?ROTEASE-PORMING
             BACTERrA AT S•C

    Culttvation vas carrted out at S"C fer 7
days. Protease accÅ}vScy was esttmated by the
method desertbed Sn MaterSals and Metheds.

?roteese activtty Terrestrtal Hartne
    tn breth orsantsm orgenism
  COD at 280 mu) C670 stretng)(340 st:ains)

 o- so
 SO - ISO
150 . 250
2SO (

93.7X
 e.4
 4.1
 1.6

87.6Z
 1.7
11.1
 3.S

Higher proteeiytic'activities were found
tn the culture fluid of marine bacterie
than in that of terrestrial bacteria.
StgnÅ}ftcant proteolytic acttvity was ob-
served during cultivation of one particular
marine bacterium, strain No. S48. The
strain was used in the following expert-
ment.

Taxonomie studtes of the isoZated bac-•
  terium. struin No. 548
   The taxonomtc studÅ}es were comducted
for the rnost pert accordtng to Shevan's
method (86) which ts applicable only to
Gram-negatlve bacteria from marine en-
vtronments. The results are surrmartzed
tn Table Ir and Fig• 1. The streip was
Gratn-negattve, Kovacs' exidase (87)
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              Ftg• 2. Effect ef Temperature on Grevth and Pretease rermatÅ}on.
           The composttÅ}on of the medtum vas as follovs: bean-taeal extreet, O.2 g (as
       been-meal}; meat extract, 1.0 s; and yeast extrect, O.S g, in 1oo ml of artifÅ}etal
       Bea vater, pH 7.0, O represents grewth and e represents protease eettvtty.

temperatures. The optimum temperature linear relattenships exSst between the
for both the rate and extent oE growth protease activity and ex';ent of grovth.
was found to be 200C. At SOC, the rnax. The slope of the ltnear portion of the
imum extent of growth was observed after curves becomes more steep as the tempera-
3 to 4 days cultivatton. No growt'n oe- ture decreases,
curred above 400C. Fortnation of enzyme
was greatest at 50C and deereased wtth Protease for"natien in resting eeZZ
                                                         ,tncreasing temperature until the smallest suspenswn
quantity oE enzyme was found in broth Resting cell suspenstens were obtatned
cultured at 3SeC. Thus, the optimum tem- by growtng the organism at !OO or at 2BeC.
perature for protease formatien by the Cells were harvested by centrifugatien
organism was a great deal lower than that and washed three tÅ}mes with sea water.
for growth.
   Ftgure 3 shows tbe relationshiPS TABLE Iv. pRerEiLsE FoRMATION IN RESTING
between proteolytie activity and growth cELL SuspENSroN
at varÅ}ous teurperatures; approximately
                                                    The cells vete obteined by culttvation et
                                                10'C for 2 deys and at 28"C for i day, respective-
                                                iy. Zncubatten mixture: Clucose, iSO mg;
                                                (Ml")2SO", 30 mg; cells, 40 mg; and sea water,
                                                S,O ml {pH 7.0).

  A4

  9 Culture Reaction Reaetton perted ÅqhrÅr                                                                  O36 12  "il'

  •!; leeC 10•C O.14 1.28 2.20 3.05
  "   :2 28 iO O.27 0.40 0.3S O,32                                                  2g 2B o.27 o.3s o.oo o.oo  w  th  as  e
  e Using these eell suspensions, the protease  a- formatiens were carried out at lOe apd                                                280C, respectively. Results are shovn t"

     O' 2 4 was carrted out at lO"C using cells grown
?is. 3• The REiattonsgirpOWbteP.e(eOnDp6rieOt)ease Feri. :dt lgOEfiearli:I?Itltrka:Ilik::illivtty was detect-

   atten and Grovth at Varteus Temperatures.
     rhe mediun vas the eame es descrsbed tn Effeet Of aeratiOn On proteaee foenatien
   Ftg, 2, Culttvatton waB cerrted out at s'c The SOIubtlity coefficÅ}ent for 02 in
   (o), lo'c Ce), 20ec cb), and 2s'c (O), vater ts O.026 at 30"C and O.038 at loec,

                                          (23)
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  TAISLE V. EvrllCr OF AERATION ON PROTEASE
               roIUtAT:ON

    Medtum: 2.0 g of bean-meal, 1.0 g of meat
extraet. and O.S g of yeaBt extrect tn 100 ml
of see vater, pH. 7.0.

Proteaee acttvtt OD at 660 m
Medtum
volumet
 (ml)

  10'C
ng2()

  2sec

 20
 se
100
200

2.94
2,93
3.3g
2.97

7.20
6.78
5.2S
5.18

2,IS
1.iO
O.08
O.81

!.ss
O.S2
O.80
O.6S

tMedium volume tn 500 ml flesk•

or 46Z greater. Therfore, the availabiZi-
ty of 02 to microorganisms i6 influeneed
by the cultural te rperature. To de-
termine the effect ef aeration and temper-
ature, eultivetion was carried out at
several levels ef aeration with chaqgtng
volumes of medium tn a 500 ml-fZask.•The
results ere shown tn Table V. In pro-
portÅ}on to tncreastng aeration, an in-
crease was observed tn the amount of
enzyme formation at 2S"C as well as at
100C. However, the aeratlon seerns not to
be the o"ly tmportant factor in the lower
yields of protease at higher temperatures.

CoZtenn ehroratography o-f the protease on
  DEA E- ce Ztu Zose
   The enzyme solution to be applied was
prepared es follows. After centrifugation
of the breth, the supernatant was mixed
wtth four volumes ef celd aeetone and
kept i hr Å}n the cold. The resulttng
precipitate was suspended in 5 ml of O.OS
M Tris--HCI buffer containtng O.Ol M
ealcium aeetate, pH 7.S, and dialyzed
over-night agatnst the Bame buffer. The
dialyzed solution was applied to a colum
of DEAE-cellulose (1.8 x 22 em), equÅ}1Å}-

  TABLE V:, roRllA,TION OF ?RCrrEASE maIONS
       r AND II AT VARIOU5 TEbCPERATURES

    CultÅ}vatten was.carrted out by uetns a
nint--Sar apparatus (nedtun velume, iOoo ml).
The method ef fraction by DEAE-cellulose chro-
mstograpby ts descrtbed tn the te;tt.

Temperature
?rotease actSvtty
(total unitllÅ}ter)

Vractton r ersctton Ir

 s'c
2e
2S

SIO,OOO
140,coO
 S8,ooO

270,ooO
22,OOO

 4,460

(24)

brated with the buffer. An elution by the
buffer vas began, and a further elution vaS
                                     thecatrted out by a stepwtse tnerease in
NaCl eoncentration.
   The pr'eteases of the erganism were
fractionated by co!um chrernategraphy on
DEAJI-cellulose. Exarrrpres of the results
are shown Sn Table Vr. The proteases of
the eulture fluid vere dtvtded into two
acttve fracttons. The protease fractton
inittally eluted by O.1 M NaCi was de-
stgnated as Fractton r; the fractton
                                 Ir.eluted by O.3 M NaCl, as Fractton
The two preteases were found in the broths
eultured at 100 to 2S'C; the activtty
ratios of FractÅ}on I to Fraction rr varied
with :he culture temperature. The tn--
dtvÅ}dual ratios were 3:i, 6.S:1 and 12;1
in the broths cultured at 10", 200 and
2SOC, respecttvely. IncreasÅ}ng tempera-
ture tends to deerease the accuaulation
of Fraction Il.

Effeat of components of medtuin en
  protease forrnation
   An investigation into the components
of the medium which faver the formatien
of protease was made. Results are shown
in Table VIT. The medtum (E) containtng
bean.meal was suttable for enzyme forme-

 tion. Furthermore, the optiTriurn concent-.
 ratÅ}en ef bean-meal was observed to be
 2.0 Z. Compared wÅ}th the ease of medium

   rmsLE Vrr. EFnCT OF MEDIA ON PROrMSE
              FORMATrON

    Culttvatton vas carrSed evt et 10'C fer
6 days.

 MedÅ}um eo rposttien
"n 100 ml sea water)

Protease activSty
 (eP at 660 mu)

A GIuceee, S s; (NH")2SO", O.8
  g; yeast extract, O.2 g;
B Stsrch, 5 g; Na-slutamate,
  O.8 g; yeast extract, O.2 g.
C Peptene, 5 s; yeast extract,
  O.4 g.
D Peptene, 1 g; meat extract,
  O.S s; yeast extreet, O.3 s.
E Bean-meal, 2.0 g; meat ex-
  trect, O.5 g; yeast extract
  O.3 g.
F Beah-meel, 1.0 s; tneat ex-
  trect, 1.0 g; yeast extraet,
 o.S s•
C Bean•-maal, 3,O g; fiteet er•-
  traet, 1.0 g; yeast extract,
 o.s g.
H Bean-meal, 4.e s; iveet ex-
 traet, 1.0 g; yeast extract,
 o.S s•
r Been-meai, 2.0 g; meat ex-
 tract, O.2 g.

 2.43

 4.44

 S.S3

 S.10

IS.2

 9.S

10.8

10.1

11.0



(E), the additton of yeast extraet only
resulted in a decrement of protease by
15Z. However, medium !, of which the
components were more simplifted, was used
in further expertments, in the tnterest ef
the ease of purtfteation ef the enzyme.

Time-coza.se of proteases forrnation
  at vanous temperatures on a var-
  fermenter scaLe of cuZtivatton
   A cultivatton was carried out with a
30 liters jar-fermenter at S", 10" and
280C. Results are shown tn Fig. 4. Max-
Å}mum yields of protease were obtaÅ}ned by
cultivation for S and 3 days, at 5e and
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             246
          Cultural period (day)
FÅ}g. 4. Protease Formatton durÅ}ng e Jar Ferment-
   er Scale CuittvatÅ}on.
    The medÅ}um wes as follavs; 2.0 g of bean-
   meal and O.2 g ef yeast extract tn 1oo ml
   of sea water, pH 7,O. Culturel condittons
   are descrtbed in the text. CultÅ}vatien vas
   carried eut at S"C (OÅr, iOeC (e), and 2S'C
   (A).

100C, respecttvely. Under these eon-
dttions, the protease activity found in
broth aultured at 10eC was almost the
satue as that in broth at SOC, Zn the
broth cultured at 28eC, 1Å}ttle activity
was feurid, as Å}n the case of a flask-
eulture.

DIscvssroN

(2S)

   rn view of the origins of the organÅ}sm,
the physÅ}oZogical properties of marine
bacteria might be expected to be more
extremely affected by vartous inorganic
Å}ons tn comparison with terrestrÅ}al bae-
teria. Drapeau et aZ. (91) observed that
a martne pseudomonad required sodÅ}um ion,
at relatSvely high levels, for the trans-
port of varÅ}ous organic substanees. On
the other hand, it ts known that some
terrestrial organÅ}srns require cations for
extraeellular enzyne produetion, The
aceumulation of extraeeilular alkaline
phosphatase of Mtcrococeus soclonensis ts
the result of a seleetive permeatton
proeess and is totally dependent upon the
presence of divalent cattons (92). Mort-
hara (93, 94) reported that calcÅ}um ion
was required from a precurser substanee
Å}n some steps ef the enzyme synthesiztng
reaetton of Pseudomonas mycogenes. In
the case of Pseudomenas sp. No. S48, the
rattos of proteolytic activity to grewth
tncreased with a higher content of sea
water Å}n the media. It is assumed that
a relattvely high concentration of the
salts was required for the actual synthe-
sts or release from the cell (or both)
of protease.
   The optimum temperature of protease
formation by strain 548 was mueh lcFwer
than that ef growth. Peterson and
Gunderson (4S) reported that the extra-
cellular protease elaboration by Pseudb-
menas fZuore6cens was shown to be Sn-
versely preportional :o the culture tem-
perature. This phenomena has been ex-
plained on the basis ef the therrno-
labtlity oE the enzyme. As shown tn
next section, the proteases ef Pseuclomenas
sp, No, S48 were stable at near 30eC in
a buffer eontainlng O.Ol M calcium ion;
the coneentration of calcium ion was at
the same level as tn sea water.

   Sinclair and Stokes (50) reported that
the higher cell yields at the lower tem-
perature were due simply to the increased
solubility and, therefore, availabiXity of
02. The protease aetivity in the culture
fluids of strain No. S48 increased with
an inerease in aeration at 250C. However
the inerements by aeyatton were not so
great as those ebtained by the Zowering
of the culture temperature. This factor
has some tnfluence on the accumulatton of
the protease at each temperature, but
seems not to be the only tmportant factor
influencing the hÅ}gher yte!ds of protease
at 1oner temperatures.
   Based on the results of the protease
formatton in restÅ}ng cell suspenston, it
would appear that growth at a low temper-
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SUnmY

     ?rDteolyttc activity was feund tn the culture fiuids of numerous psychro-
phtlic baeterLa iBelated from terrestrÅ}al er rnarine sanples. Among these
organiBms, a marine pBychrophilic bactertum Pseuclomena6 sp. No. 548, showed
the highest proteolytic aettvtty. Thts organism requSred salts of sea water
for both growth and protease formatton. The eptimtmi tempetature for the
grewth of thts organtsm was 200C. The formation of protease was the greatest
at 5eC end decreased wSth inereasing temperatuTe. The extraeellular protease
system was .fracttcmated tnto at least two compenents havÅ}ng proteelytic act-
ivities by ehromatography with DEAE-cellulose. rnereasing cuiture tempera-
ture tended tQ increase the•acttvity ratio of Fraction r to FraetÅ}on rl.
Sorile culFural eondÅ}tions for protease formatien were investigated.

(26)
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SECT:ON 2

PUR:FICATZON ANDPROPERT!ES

FROM PSEUDOMONAS

OF PROTEASES
SP. No. 548e)

INTRODUCTTON

   Production of extracellular proLeases
by an obligate psychrophilic bactertum,
and purificatÅ}on and characterization of
the enzyTnes have been reported by MeDonald
et aZ. (78, 80). Preseott et aL. showed
that a marine bacterium, Aero.monas l)r'oteo-
Zytiea, produced an aminepeptÅ}dase (R2,
9S). The aminopepttdase has been purtfi-
ed and charactertzed. Crystalltne pre-
parations ef alkaline proteese and elast-
ase have been reported to be obtained frcmt
Pseudomanas aer.vtgtnosa by Morihara et aZ.
Åq96, 97) and these enzymes have been well
                                   'characterized. In a preceding section,
tt was shown that a marine--psychrophile,
Pseuclenionas sp. No. 548, accumulated pro-
tease in broth cultured a: a low tempera-
ture.

   The present section descrÅ}bes the steps
in the purification of the proteases and
the general propertÅ}es of the purified
enzynes.

MATER!ALS AND METHODS

Or'ganiBm. A marine psyehrophtle, Pseudo-
monaB sp. No. S48, was used Å}n thts work.

MateriaZs. Diisopropylfluorophosphate
was purchased from Sigma Chemtcal Company,
U.S.A, The colodton bag was a produet
of the Sartorius Membrane Filter Courpany,
W. Gertnany.-

Estimation ef protease activity. Protease
activity in the culture fluid or purified
enzyme preparation was estimated by the
dÅ}gestion of casein at 370C. The tnethod

was the same as described in previous
    tseet:on.
Protein determrinatien. The protetn was
determined spectrophotometrically by
measuring its absorbance at 280 mp.

AcryZarrnde geZeZeetrophoresis. The
eleetrophoresis was carried out aecordÅ}ng
to Davis Åq98). After eleetrophoresis,
the gel was stained with ceomasste blue
(99).

RESULTS

Pu?ification of ppoteases
   Pseudononas sp, No, S48 was tnoculated
into a 2--liter jar fermenter containing
1 liter of the medtum described under
the precedÅ}ng section. The subculture
was carried out at 7eC for 48 hr under
aeration. ThÅ}s subculture was inoculated
tnto a 30-liter Jar ferrmenter eontaining
14 liters of the medium; cultivatton wes
carrted out at 70C for 6e hr under aera--
tion (1 v/v/m, in O.6 atm.). The eells
and restdue of bean•-meal were remaved from
the eulture broth by a conttnuous-flow
centrtfuge. The resulting elear super-
natant was used as the starting matertal.

   Step 1. Tannin preeipitation. The
procedure ef this step was carried out
according to Bergkvist (iOO). The bulk
of the proteim was prectpitated by slowly
adding a 10Z solution of tannin to the
final concentration ef 50 g of tanntn per
1000 ml of the super"natan't. After set-
tltng for 3 br, the resulting prectpttate
was Å}solated by filtratton. In order to
remeve tannin, the precipitate "!as washed
by eentrifugation three tÅ}mes with 80X

(27)



COId aeetone. The ft"al prectpitate waS
dtssolved in 1000 ml of O.Ol M calciuM
aCetate solution, The enzyTrEi solutiOn
Was dtalyzed for 24 hr against two ehangS
Of 20 liters of O.Ol M calcium acetate
solution.
   Step 2. Aeetone fractionatien, Cold
aeetone was added to the dialyzate :o
30Z (v/v). After standSng for 20 min, -
the precipttate was removed by filtration
through a layer of Hyflo Super-Cel on a
Buchner funnel. The acetone concentratien
Of the filtrate was tncreased to 80Z (v/v).
After standing for 20 min, the precipitate
Sias coliected by filtratÅ}en. The enz)rme
Was extracted with O.05 M Trts-HCI buffer
 contaÅ}ntng O.Ol M calcium acetate (pH 7,
7.S) from the resulting eake. Hyflo Super-
Cel was removed by ftltration through a
 filter paper. The filtrate was dialyzed
 for 24 hr against the same buffer.

    Step 5. First DEAE-ceZZuZoee eoZimTn
 chromatogrcrphy. The dialyzate obtained
 Sn the precedtng step was applied toia
 DZAE-eellulose column (6 x 60 cm) which
 had been equilÅ}breted with O.05 M Trts-
 HCI - O.Ol M eaictum acetate buffer (pH
 7.5). An elution by the buffer was
 began, followed by a stepvise elutSon
 tnvolvtng a gradual increase in the NaCl
 coneentration from O.1 to O.4 M. The
 enzyme solutton applied was dtvtded tnto
 twe fractions with protease activi:y.
 The first protease fraction was eluted
 initially by O.1 M NaCl (FractSon I) and
 the secomd fraction was eluted by O.3 M
 NaCl (Fraction II). Four velumes of
 cold acetone was added to each fraction
 shc]wÅ}ng acttvit)', and then the resulting
 precipitate was eollected by fi!tration
 and dissolved in the buffer.
    Step 4. Seeond DEAE-aeZZutese eoZumn
 chreomategruphy. The dialyzed enzyme
 preparation ef Fraction 1 was rechro.mato-
 graphed wtth e ltnear gradient on a
 column of DEAE-cellulose (3 X 42 em). The
 buffer was allowed to flow at a rate of
 30 mllhr and 10 tu1 fractiens were eollect-
 ed. The reservotr contained 2 liters of
 O.OS M TrÅ}s--HCi - O.Ol M calcium aeetate
 buffer whSch vias O.2 M tn NaCl, while the
 ulxing chamber contatned 2 ltters of the
 ssrne buffer wtthout NeCl. A typical
 .chrotnatogram is shown in Ftg. 1. Two
 active peaks appeared, tn which the front
 and rear pealcs were destgnated as la and
 rb, respecttvely. Simtlarly, the dialyz-
 ed enzyme solutton of Fractien I: was re-
 chromatographed. The reservoir eontained
 2 liters of O.05 M Trts-HCI •- O.Ol M
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 1. Rechromatography of ?retease of Fractton
I on DEAE-Cellulose.
 The colutm (3 x 42) uas loaded wSth 400 mg
of enzyme. The flev rete vas 3e mllhr. The
reservotr ceptaÅ}ned 2 liters ef O.OS M rris-
HCI - O.Ol M ealetum acetate buffer (pH 7.S)
vhÅ}eh was O.Z M tn NaCl; the mSxing chambeT
contaSned 2 :Å}ters of the same buffer vSth-
out NaCl. e represents protease sctÅ}vity in
abserbance at 660 tuu; O the ebsorbanee at
2SO mu of the eluet-; "--, the NeCl cencent-
retion of the eluete.
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           100 200 300
     Fraction number (10 ml/tube)
Ftg. 2. Rechromatogrephy ef Proteaee ef Fraetten
   Tl en DEkE-Celluleee.
    The reservoir centatned 2 IStere of O.05 H
   Trts-HCI •- O.Ol H caicium acetete buffer
   vtth O.4 M NaCl CpH 7,S); the mtxtng chamber
   centaÅ}ned 2 litere of the ssme buffer vtth
   O.2 M NeCl. The other condittens vere the
   same es described in Ftg, 1, e represents
   pretease activSty tn ebsorbe"ce et 660 utu.
   O, abeorbance at 280 mv of the eluste:
   .•.-d-", the NeCl coneentratton ef the eiuate.

caleium acetate buffer wÅ}th O;4 M NaCr,
while the utxtng chamber colttatned 2
liters ef the same buffer wÅ}th O.2 M NeCl.
A typicaL chromatogram is shown in Ftg. 2.
The front and rear peaks with the activtty
were designeted as I!a and IIb, respecttve-
ly. The acttve fractions of :a, rb, T:a

    f
    -l;•

O.4'.Oe

    :.

    s
o.3 g
     v
    P    v     o    z

(28)



l,

t

t

1

i

i

 and IIb were indÅ}vidually eoilected by
 prectpttatlon              with aceteRe, and then the
 resulting precipttates were dtsselved in
 Q.e5 M TrSs-HCI - O.Ol M calcium acetate
buffer.

   Step 5• Sephadex C-loo fiZtretian.
    The four enzyme preparations obtained
 iu the preceding step were individually
 subjected to             Sephadex G-Zee fUtration.
 The sephadex was packed into a colum
 (2 x 100 cm) and equilibrated vÅ}th the
 O.05 M Tris-HCr -- O.el M calciun acetate
 buffer. The enzyme soiut!on was then
 placed on the colum and the buffer was
 allawed to flow at a rate of 10 mLfhr
and 3 ml fraetiens were cellected. The
enzyme preparations of !a and !b vere ch-

 t.ained as syrmetric protein peaks and the
proteolytic activities were associated '"
with these protein peaks.

   Step 6• Sephazlear G-75 fiZtration. .
   Enzyme preparations ef lra and Ilb ob-,
tained tn tbe preceding step were further
purified usSng a Sephadex G-75 colum.
?roteases of Ua and Irb were indivtdually
obtained as symmetric pretein peaks and
the protee!ytlc activittes were assoclat-
ed with these protein peaks.

   Step 2. C)eystaIZizatu:ion.. The acttve
fraetiofis which were obtained in the pre-
cedÅ}ng steps were collected' and then con-
centrated by using a collodien bag. Cold
aeetone was cautiously added to the cen-
eentrated enzyme setution until a faint
turbidity appeared, and then the suspen--
ston was stored overnight in a refrigera-
tor. The protease of Xa was crystallized.
Figure 2 is a photograph o[ the crystal-
ltne protease of Ia.

Hoinogeneity
   The crystalMne enzyme preparation (Ia)
gave a singie band on- aeryiamide gel
electrophoresis carrÅ}ed out at pH 9.0.
The enzyme preparation sedimented as a

FSg. 3. ?hotonicrosraph of CrysteilSne Protease
   Te.

(29)

  Cultured broth of
Pseucto,nonae s . Ne. 5a8

      CetttrifugatSvtt

Supernetant

      TaanSn trestu)ent
      ist DEAE-eeliulese
       chro satograpby

Fraction  ! Freetton l:
2nd DEAE-cellulose
 chromategraphy

re

Sephadex G-100
gel fSltrattefl

CrystallSzation

Crystailine
  :e

rb

Ib

lulose
aphy

ITa

rla

Sephadex (-1oo
gel filcration

Sephadex C-75
gel filtratten

rrb

lrb

Fig. 4. ?urifScetion Precedure for Extracelluler
   protease of Peeudononas sp. N,o. S48.

single peak in the ultracentrifuge in
O.os M Tris-HCI - e.Ol M calctum acetate
buffer (pH 7.5), at 20eC.
  The purÅ}fted preparattons of the pro-
teases ef Ib, lra and Ilb gave two or
three bands of electrophoresis. The
protease acttvtty was detected only in
!ndtv!dual rnain bands. The purity of each
protease preparation was checked by
electrophorests. The purtties of the
preteases of lb, rla, and Ilb were 9e, 85
and 80Z, respectively. '
   The enzyme preparattons obtained by
the above procedures (see Fig. 4) were
used as purtfied errzymes.

EVtzyme aetivit.u ef the putfied pr,o-
  teases
   1) Stability te temper'ttture. Ftgure
5 shows the effeet of temperature on the
stabilÅ}ty of the proteases. Reiattve
values are shown, wtt'h the maxtnma act-
tvtty for errzyme in a buffer solution with
and without calcium ton assigned a value
of 100Z. All protedges fombed bY''the
organism were therutoZabile. Among the en-
zymes, ila was somewhat more stable than
the others. By the addition of O.Ol M
caicÅ}um aeetate, the enzymes Ia, Ib and
IIb become more stable to temperature,
whereas IIa was Uttle affeeted.
   2) Tempevatu,e optinngn. The effect of
temperature on the protease aettvities
of the four enzymes was investigated
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 The reacttom was cerrted out at vartous temperatures for 10
resul.ts vSthout calctum ton and O represents the :esults tn
 M calctum ecetate,

20
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the

40 60

 e repreBents
presence of

Åq?tg. 6). rhe eptimum tenrperature of
proteases of :a, rb and :rb wes at 30"C
and that of IIb was at SOOC. rn the
presence of O.Ol M ealcium aeetate, the
optiaxum of the forTner enz;nnes was shSfted
te .40"C, acccnrpanted by an tncrease in
actSvity but that ef the latter enzytne
vas not shifted.

   3) StcthiZity to pH. The enzymes
were incvbated at agÅ}venpH for 10 min
at 50"C or for 20 hr at 5eC, and then

tested for preteaBe activity at pH 7.5.
As shovn in Ftg. 7, the enzyTtvas of ra,
Ib and :Zb were stable over the pH range
6.0 to 10.0, where•as ZZa was stable from
pH 8.0 to 10.0.

   4) pR optimvan. The vartattons ef
enzyme activity wtth pH are shcrwn in rÅ}g.
8. The optimum aetivtty of the proteases
of fracttenB Ta, rb, Ira and :Zb were at
pH 9.0 to 10.0, pH 7.5 to 8.0, pH 7.0 to
7.S, and pH 7.S to 8.0, respectÅ}vely.
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   S) Effeet of various inhibiters. The
results are shovn in Table r. The proteo-
lytSc activitÅ}es of all four enzymes

were not Snaetivated by
agents sueh as p-CMB or
On the other hand, all

 sulfhydryl re-
 monoiodo-aeetate.
the enzymes were
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   TABLE I. EF?EcT o? rtlHIBnoR ON PROTEALSE
                 ACTTVITY

    One eÅ}liiltter of O,OS M Trte-HCI-O.Ol H
ealetum ecetate buffer (pH 7.S) contetntng
O•OOSZ ef enzyme and each tnhibSter were kePt
at 37'C for 1 hr. rn the cage ef metal-compleX'
ins ast"te, O.OS M Trte-HCI buffer {pH 7-5)
vttheut calctutn ton was used, In the csSe ef
DF'P, O.1 ml of 10 rtt{ DFP selutien contsinÅ}ng
10Z et teoprepanel and O.05 M TrSs-HCi buffer
(pH 7.5) vas edded te O.9 ml of tbe enzyme
soluttens. To the treated enz)rme soluttons,
l ml of 2Z casetn vae added snd remainins Ece
tivttteg vere determtned.

     TABLE IT. EFFECT OF HZTAL 10N ON
             PROTEASE ACTIVITY

    One mSll"Å}ter of O.e5 H rrts-HCI buffer
(pH 7,5) containing O.ooSX of enzytbe and each
salt (1.0 iM) vere pretncubated at 37'C for 1
hr. To the treated enzyne selutions, 1 L]L ef
2r cesetn vas added and the rematnÅ}ns protease
activtties vere determS.ned.

Salt

-iill:!!!!!!"L!S!illlEZ-Sl}s'a Tb n.()

.ER!!!!E!!!!!!a.!s.!.!)t2.!)-Stgti ttt (z)

:nhtbttor u"t,t Ta :b r!e TIb

Nene
Na.thioslycerete
XCN
rcHnO"
P-CMB
Monotodoacetate
EDTA
e-Phenanthroltn
a,a'.Dtpyrtdyl
Cttrate
Oxaiate
DF?-t

 -  1
 •1
  1
  1
  1
  1
  1
  1
IOO
loe
  1

1OO
116
 ss
  o
 92
ll7
  o
109
 98
  o
  o
  9

100
118
109
 o
 98
 S9
  o
10S
118
  o
 o
  s

loe
103
 9S
  o
Ioo
100
  o
 30
 87
 60
 66
101

100
!29
 90
  o
104
104
  o
 96
 96
  o
  o'
  o

Nene
Pa.acetate
NSSO"
CdCl2
MnC12
Zn,acetate
coC12
MgC12
caC12
CUSOk
HgC12
FeSO"
AsN03
srC12
Pb.aeetate

1oo
 62
 as
 94
I02
 B6
 97
104
121
 8S
 S7
 le
100
100
  9

100
 S6
 49
 S2
10S
 28
 91
 98
10S
 90
 91
 2S
 20
103
 l7

100
 91
  4
 42
 73
 68
 76
104
101
 3S
  8
 S4
 IS
104
 10

100
 fi9

 31
 B9
 91
 63
 83
100
I04
 77
 76
 39
 94
 98
 13

 tFinal concentration
ttTr)rpetn vas compleeely tnectSvsted at a cen-
  centretton of 1 tnM.

completely inactivated by 1 tutrf EDTA.
The proteases, except fer the protease ef
IIa, hewever, were not Å}nhibited by o--
phenanthreltn. DFP 1 nM completely in-
activated the proteases of Ia, lb and IIb
but not ITa.

   6) Effect of metaZ ions. As shown in
Table Il, the four enzymes behaved tn a
somewhat different rnanner with respect to
metal iens.

   7) Effect oJ' caZcritun ion. From the
results of temperature stability experi-
ments, caleium ion appeared te markedly
stabiltze the enzymes. The enzymes were
incubated at 300C with or without calcium
ion and then the remaÅ}ning activities

A$ O.2
ae

e
b
•:)

8 o.i
e
di

meo"oLq    o

b

.g..
    -e

.
- .".

IIa IIb

.
-

       O 30 60 0 30 60 0 30 60 0 30 60
                          Incubation period Åqmin)
         rSg. 9, Effect of Calctum ren en Stability ef the Pretesses,

     rhe enz)rmes vere dtssolved tn O.OS M Trie-HCI buffer (pH 7.S) conteSntns
O.Ol M calctum aeetate (CHD) or tn the buffer wtthout calctum ien (H ,e.e).
The enzyme solutions vere incubated at 30'C for vartous pertods. Remetning act-
tvttks vere detertntned. When the rematntng ectivtty vae esttmated, O.1 ml of
calctun acetate'solutton (O,1 H) was added CH) or wss not added (e-e).
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were estimated. The results are shown in
Fig. 9. In the presense of calcium ion,
the proteases of la, Ib and lIb were
stable at 30°C for 75 min and the activi­
ties increased rather slightly. When the
three enzymes were incubated without
calcium ion, the enzyme activities were
not completely restored by the addition of
0.01 M calcium acetate at the time of the
measurement of the activity. Calcium ion
had little effect on the stability of IIa.

DISCUSSION

Protease which was found in the culture
fluid of Pseudomonas sp. ~o. 548 was frac­
tionated into four components with prote­
ase activity by a two step column chromato­
graphies with DEAE-cellulose. The respect­
ive protease preparations obtained by the
chromatography were further purified by
gel filtration on Sephadex G-IOO and/or
G~75. The protease of Ia was obtained in a
crystalline form and the protease prepa­
ration was shown to be homogeneous by
electrophoresis. The purities of prote­
ases Ib, IIa and lIb were 80 to 90% and
the contaminating proteins did not shown
protease activity.

The enzyme of Ia was an alkaline pro­
tease of which the optimum pH was at 10.0
and the others were neutral or semialka­
line. All the enzymes were somewhat un­
stable in acidic solution. The stable pH­
range of IIa was more narrow than that
of the others.

The optimum temperature of la, Ib and
lIb was 30 0 e in the absence of calcium
ion. H0wever, the temperature was shift-

ed to 40°C by the addition of 0.01 M
calcium acetate. As shown in Fig. 9, the
proteases of la, lb and lIb were unstable
in the ab£ence of calcium ion. The con­
centration of calcium ion used in the
experiments is about the same as that of
sea water. Therefore, in view of the
origin of the organism, it would seem
that the normal state of the enzyme was
obtained by the addition of calcium ion.
The optimum temperature of IIa was at
SO°C and the temperature did not shifted
with the addition of calcium ion.

All the protease were inactivated by
1 mM EOTA. On the other hand, the enzymes
of la, Ib and lIb were also completely
inactivated by 1 mM OFP. According to
the classification by Hartley (101), the
enzymes of la, Ib and lIb may be classifi­
ed as metal protease and concurrently
calssified as serine protease. However.
it is not clear that a metal and serine
residue participate simultaneously in the
catalitic action of the protease. While
the enzyme of Ila was classified as metal
protease. It has been shown that the pro­
teases of obligate psychrophilic bac­
terium were inactivated by both EDTA and
OFP (80). As reported by Morihara (96)
and Ogino et at. (102), proteases of
pseudomonads have been found to be in­
hibitedby EDTAbut not by OFP. Similarly,
a protease from a marine bacterium was
also inactivated by EOTA (82).

The proteases la, Ib, and lIb were
quite different from IIa with respect to
inhibition by DFP and optimum temperature.
The optimum pH of Ia was different from
the others. lb and lIb differed from one
another in their inhibitions by various
metal ions. Thus, the four proteases
from Pseudomonas sp. No. 548 have dif­
ferent properties each other.

SU~~RY

Protease which was found in the culture fluid of Pseudomonas sp. No. 548
was fractionated into four components with protease activity by a two step
chromatography using OEAE-cellulose. Each protease was further purified by
gel filtration on Sephadex G-lOO and/or G-75. The protease of Ia was obtain­
ed crystalline form and was shown to be homogeneous by analysis Mith electro­
phoresis, while the other three enzymes were also highly purified. The
enzymatic properties of the proteases were investigated. All of the four
enzymes were inactivated "by EDTA. Protease la, Ib and lIb were inactivated
by OFP. The optimum activity of protease Ia was shown to be at pH 10.0, and
that of the other enzymes were at pH 7.0 to 8.0. The proteases of la, Ib
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and lIb were stabilized by calCium ion. The effect of temperature. pH. and
metal ions on the activity of the enzyme were also investigated.



SECTION 3

SUBSTRATE SPECIFICITIES OF PROTEASES

FROM PSEUDOMONAS SP. No. 548f )

INTRODUCTION

In general, proteases have been clas­
sified by their origin, behavior against
inhibitors, or pH optimum. Recently,
Morihara et al. (103 - 105) showed that
microbial proteases were able to be clas­
sified also by their substrate specifici­
ties. The present study was undertaken
to investigate the relation between the
behavior against inhibitors and the
specificities against oxidized insulin
B-chain and various synthetic substrates
on the two proteases from Pseudomonas sp.
No. 548. Furthermore the proteases were
classified from the standpoint of their
specificity.

MATERIALS AND METHODS

Enzymes. Proteases from Pseudomonas sp.
No. 548 were fractionated into four com­
ponents, la, Ib, IIa and lIb, by a two
atep chromatographies on DEAE-cellulose.
according to the methods described pre­
viously. Among the four enzymes, the
prot eases Ia and Iia were further purified
by gel filtrations using Sephadex G-IOO
and G-150, respectively. The purified
prouease preparations were found to be
of a homogeneous form by a cellulose
acetate-membrane electrophoresis. The
purified preparation of Ia was most
active at pH 10.0 and was inhibited by
both DFP and EDTA. The purified IIa was
most active at 7.5 to 8.0 and was inacti­
vated by EDTA hut not by DFP. The two
purified protease preparations were used
in this study.

(35)

Substpates. Oxidized insulin B-chain and
various synthetic peptides used were pure
in an2lyses by paper chromatography and
paper electrophoresis. All other chemi­
ca+s were obtained from commercial sources
and were used without further purification.

Inactivation by various peagents. One
milliliter of 0.5 M Tris-HCl - 0.1 M
calcium acetate buffer (pH 7.5) contain­
ing 0.005% of enzyme and each inhibitor
was kept at 37°C for 1 hr. In the case
of EOTA, 0.5 M Tris-HCl buffer (pH 7.5)
without calcium ion was used. In the case
of OFP, 0.1 ml of 10 or 5 roM DFP solution
containing 10% of isopropanol and 0.05 M
Tris-HCI buffer (pH 7.5) was added to
0.5 ml of the enzyme solution. To the
treated enzyme solution, 1 ml of 2% casein
was added and remaining activities were
determined as described previously.

Determination of the point of cLeavage
in oxidized insuLin B-chain. Fifty

milligrams of oxidized insulin B-chain
were dissolved in 5 ml of 0.01 M calcium
acetate, the pH of which was adjusted to
about 8.0 with 0.1 N ammonia water, and
5 mg of the enzyme was mixed with the
solution. The reaction was carried out
at 37°C. The reaction was stopped by
placing the tube in a boiling water bath
for 10 min, and the mixture was evaporated
to dryness under reduced pressure.

Separation of peptides in the digest
was performed by paper chromatography and/
or paper electrophoresis. The dried digest
was dissolved in a minimal quantity of
water, and spotted on several sheets of
TOYo Roshi No. 50 filter-paper (40 x 40cm).
In the case of protease la, the filter
papers were subjected to two dimensional
paper chromatography according to Tsuru
et aZ. (106). The solvent systems used
were n-butanol, acetic acid, and water



(q:1:1, v/vlv) fer the first run and n-
butanol, pyrtd!ne, and water (1;1:i, vlV/V)
for the seeond run. In the case ef prOte'
ase rZa, the spotted fi!ter papers vere
SubSected to paper eleetrophore6is (2 kV,
40 min), using a solvent centaining
pyrÅ}dine, acetic aetd, and water (10:O•4:
90, v/v/v, pH 6.S). In order te prepare
the standard peptide map, one ef the de-
veloped ftlter-papers was treated wtth a
ntnhydrtn reuge"t (O.2Z tn acetone and
ethanol, 6:4,v/v), heated at 500C for
30 min, and then, to detect the peptides
eontaining histidine er tyrosine, treat-
ed wtth PauZy reagent (107). The other
papers were used for the eiution of peptide.
The papers were dipped in a O.02Z ninhydrin
so!ution made with an acetone and ethanol
mixture (6:4.v/v), and then allowed to
stand for 20 hr in the dark at 200C. Each
colored spot was eut out from the papers
and the paper strips which were regarded
as eontaining the identical pepttde. after
a compartson with the standard peptide map,
were combtned in a test tube and washed
vÅ}th aeetone to remove excess ninhydrin.
The pepttdes were eluted from the strips
wtth S ml water, and then the eluates vere
concentrated to dryness under reduced
pressure. The purtties of indÅ}vidual
peptides were checked by paper chro-
matography, using a solvent containing
n-butanol, acetic acid, pyrtdÅ}ne and water

 (30:6:20:24, v/v/v/v) (108). The pvre
peptides were hydrolyzed wtth 6 N hydro-
chloric acid for 24 hr at ilOOC in sealed

 andi evacuated tubes. The hydrolyzates
were subjeeted to arnino acid analysis with

 a Hitacht auto-analyzer, type KLA-S. The
 amÅ}no-teminal residues of seme of the
 peptides were identified by the usual
 dinitrophenyl (DNP) method (109), if
 neeessary, to charactertze them.

ltTVazyine assays. The rate of hydrolysis of
 the vartous synthetSe peptides was de-
 ternined according to Merihara et aZ. (I03)
 and Morthara and Tsuzukt (104). The re-
 action mixture consisted of SO umoles of
 Trts-HCI buffe.r, pH 7.S, 10 vmoZes of
 ealcium acetete, 2.0 vmoles of substrate
 (except where spectEied), a suitable amount
 of enzyme, end water, to a total volume of
 1.0 m!. The reaction was carried out at
 370C. At various tntervals, O.1 ml ef
 the reaetton mtxture wes withdrawn and put
 into a test tube in whieh had been placed
 1 ml of O.5 M eitrate buffer, pH 5.0,
 containing O.Ol M EDrA. The extent of
 hydrolysÅ}s vas determtned by the nlnhydrin
 method, according to Yemm and CockÅ}ng (110),
 The hydrolyzates formed during the reactÅ}en
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Were analyzed by paper- or thin layer-chro-
matography•
   The esterase activity was deternined
with the aid ef a Radiometer tÅ}trtmetrie
set (PM261TTIC/ABU12/SBR2C) equÅ}pped with
a pH meter, a syrÅ}nge drive, a recerder,
and a therTnostatieally controlled reaetton
vessel. The reaction mixture (2.S ml),
contatning O.2 to 10 rnM substrate, O.l M
calcium chlotide, and 4Z ethanol, was
adjusted to pH 8.0 by the addition of a
minute volume of O.S N NaOH. As the
titrant, O.OOI M sodtum hydroxide was used
and the reactien was performed at 300C.

RESULTS

E,"fiect of inhibitons on the proteoZytic
  activity of the protease fa and Jla
   The data on the effect of tnhÅ}bitor on
the activity are shovn in Table 1. The
protease !a was eompletely inhtbited by
DFP and EDTA and even with diaiysts but
not with ST!, TLCK and p•-CMB. The enzyne

   TABLE 1. EFFECT OF VARrOUS :NHIBITORS ON
    THE ACTIVIIY OF PROTEASES Ie ANP IIa

     The procedures vere descrtbed tn Materials
 and Methods.

lnhtbito: mM-
-!!9elia!!!!!S-2E'!'!Ml'il"-!!2-e ( )

DFP

STI
TLCK
EDTA

(DSalyststS)
p-C)(B

LO
o.s
O.1
1.0
1.0
O.1

1.0

 s
 20
98
92

 o
 12
 20
100

97
100
9s
9S

 o
 2S
LOO
100

 tFinat concentratton.
t-The enzyme vas dtalyied egetnst S 1Å}ter velume
  of O.OS M Trig-HCI buffer (pH 7.S) vSthout
  calcium ten at SOC for 24 hr.

inactivated wÅ}th EDTA or dtaiysis was not
reacttvated by a dia!ysSs agatnst this
buffer containins O.Ol M calciurn aeetate
at 50C for 24 hr. ;"htle, the protease
Tra was inhibited oniy by EDTA. When
calcium aeetate was added in a ftnal con-
aentratton of 2 ult after the EonA treat-
ment, the enzyme was eompletely reacti-
vated.

Deten7rination of the points ef epUt tn
  the oeidized tnsuZin B-chain
   Digestion of oxidized insulÅ}n B•-chain



TABLE!:. A)cr)io AcrD cott?osTTroN
   rNsuL:N

 O? ?EPTIDES OBTIUINED
B-CHA!N BY ?ltDTEASE Ia

PROHD:cesTs or OXU)IZpm

?epttde
  No.

N-Teruloal  Pauly
reectton

Amtne aetd
    (molar

cempesttion
ratte)

Posstble
 tn the

gequance
B-chein

1

2

3

4

5

6

7

8

9

IO
li

12

ryr

?he

Leu

Leu

Agr

Tyr

His

Tyr

Tyr,
1.1

Hte,
1.8

Phe
O.7

Leu
O.9

, Val,
 1.0

Leu,
1.0

, Val,
 1.0

?he
Cly,
i.o

rhrt
L2
Ala
Ala,
1.0

Leu,
1.0

Tyr
Leu,
1.0

Arg,
1.2

Phe
1,O

Cys,
l.O

AeP,
O.9

, CArs)
  O.2

Pro,
O.9

Leu
1.0

Val,
1.0

Va!,
1.0

Gly,
1.0

Cys,
O.8

Cly,
O.9

Glu,
Le

Lye, Als
Ll LO

Cyst
1.2

Giu
O.8

?he
2.1

Gly,
O.9

Gly, Glu,
1.3 1.0
Ser, (Tyr)
1.0 O.2
CLeu)
O.3

Glu, Arg
OS 1.1

Asr
O.9

16-22

5-10

1-4

  6
23-Z3

27-30

14 or 30
 14-IS

17-22

16 or 26
 i1--13

22-2S

TILBLE :z:. Alaso AcrD coMPOSrrrON Or PEPTrDES OBTAINED
  INSursu BtzaTN BY PRerEkSE IIe

VROHD:CZSTSoF oxrDzzED

?eptide
  No.

N-Tetmtnal  Pauly
reaetton

AmLno actd
    CmDlet

composttten
rattoÅr

Pogsible
 tn the

 seguence
B-chatn

1

2

3

4

s

6
7

e
9

10

11

12

13

14

Va1

Val

Vd

Leu

Hts

HÅ}s

Hts

Tyr

Tyr

Tyr

Tyr

Hts

Hte

Cys,
O.9

Vai,
1.0

?he,
O.9

Cly,
2.0

Val,
1.9

Tyr
Phe
Leu
Ala,
1.0

Tyr,
1.1

Thr,
O.9

Val,
1.0

teu,
1.0

Leu,
1.0

GiYs
1.0

Asp,
O.8

Val,
i.o

Clu,
1.0

Glu,
2.1

Leu,
1.0

Thr,
L2
?ro,
1.1

Asp,
O.9

Val,
1.0

Cys,
O.8

Ser, His
1.1 O.9
Glu, Hts,
O.9 1.1
Asp, Glu,
O.9 1.Z
Arg
O.8

Ala, Leu,
O.9 2.0

Tyr,
O.9

(Clu)
O,2

Pro, Lys,
e.s o.g
Lys, Ala
1.2 l.e
Glu, His
1.0 Ll
Giu, Ala
1.o o.g
Gly, Ser,
O.7 O.8

Leu
1,O

Hts, Leu
O,7 1,O

Tyr, Cys,
1.1 O,8

Aia
i.o

(Glu, Tyr)
 O.2 O,3
His
O.9

Gly,
1.9

Ar8
O.8

7-10

2-6

1-6

20-23

12-23

   16 or 26
  1, 24 er 2S
6, 11, IS er 17
     14-16

26- 30

27-30

2-5

11--14

6-10
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by each ef the alkalÅ}ne- and neutral-prO'
teage preparatlons obtained from the
rnarÅ}ne-psychrephlltc Pseudbmoncts spd Ne•
548 vas carried out by the method des'
crtbed tn Materials and Metheds• The
Peptides dlgested by the proteases were
Separated by paper chromatography and/or
Paper eleetrophoresis, and the amtno acid
eempositÅ}en of each pepttde was analyzed•
The molar ratios of constttuent amino acids
are tndicated in Table II and III. Com-
partng the amino acÅ}d compostttons of the
Pepttdes ebtained wtth the known structure
of the Å}nsulÅ}n B-chaÅ}n, the potnts of
cleavage in the B-chain by these protease
were deteTrntned. From the results, it
eould be deduced that major cleavages had
occurred at the peptide bo"ds of Gln-HÅ}s
(4-5), His-Leu (10-11), Glu-Ala (13-14).
Leu-Tyr (IS-16), Tyr-Leu (16•-17), Leu-Val
(17--18), Glu-Arg (21-22), Arg-Gly (22-23),
Phe-Phe (24-2S), Phe-Tyr (25--26), and Tyr-
Thr (26•-27) tn the alkalÅ}ne preteese ra,
and at those of Phe•-Val (1-2), His--Leu
(S-•6), Hts-Leu (10-11), Leu-Val (11-12),
Ala--Leu (14--IS), Tyr-Leu (16-17), Gly-Phe
(23-24), ?he•-Phe (24-2S), and Phe-Tyr (2S-
26) tn the neutral protease IIa.

Hydrolysis of various synthetic substrates
  by the proteases
   On the basls of the above results, a
detailed study was undertaken to elucidate
the substrate specSficity of the two pro-
teases.
   1) 7Vze aZkaZin protease la. An experi-
ment om the spectfÅ}eities of this alkaline
protease was made, using, for the most part,

Z-Gly-X-NH2 (X = varÅ}ous aulno acÅ}ds resi-
dues) as substrates. The results shown tm
Table IV indieated that the amide bonds
contatning the carbo)cyl group of L-phenyl-
alanine, L-tyrosine, or L-leusine were
strongly hydrolyzed by the enzyne, and
the amide bonds of L-alanine and L-valÅ}ne
were also hydrolyzed. The rate of hydro-
lysis of Ac-Gly-Leu-NH2 by the enzyme was
considerably smaller than that of Z-Gly•-Leu-
NH2• The enzyme was unable te hydroiyze
the amLde bond of D-leucine.
   The esterase actvities of the enzyme
were determined using Bz-Arg-OEt, Ac--Tyr-
OEt, and Ac-Phe-OEt as substrates. All
the substrates tested were hydrolyzed by
the enzyme. The Kms of Bz-Arg•-OEt, Ac-
Tyr-OEt, and Ac-Phe-OEt for the enzyme
were 26.3, 50, and 66.7 mM, respeetively.

   2) The neutaZ pretea6e I.ra. The syn--
thetic peptides, Z-Cly-X-NH2, were sub-
jected to hydrolysis by the neutral pro-
tease Ira, in a manner sSmilar te the above.
The results are shown in Table V. The
enzyme had some hydrolyzing activity
agalnst Z-Gly-Ilev-}"H2, A-Gly-Phe-NH2, and
Z-Gly-Leu-NH2, and the cleavage poÅ}nts in
the substrates were the peptide bonds con-
taining the amino groups ef L-isoleucÅ}ne,
L'phenylaianine, and L--ieucine, respeettve-
ly.
   In order to determtne the effect of the
netghboring residues around the hydrolyztng
peptide bond, seme pepttdes eontaining a
ieueine residue were also tested as sub-
strates. The rate of hydrolyses of Ac-
Gly-Leu-NH2 and Z-Ala-Leu-NH2 were con-

TIML2 IV. HYDROLVSrS OF SYHTHETtC SUBSTRATES
          BY TUe PROTEASE Ia

    All
and 23 hr
deecrtbed

reecttone were performtd at 37'C for 2
. The condtttons ot the reactton are
 Sn Haterts;e and Methods.

 rASLE V. HYDROLYSIS OF SYNTHE'rrC SUBSTRATES
            BY THE PROrEASE rTe

    Ail Teacttong vere perfenned at 37'C for
1 and     20 hr. The condtttons ef the reactten
ere descrtbed Sn Materials and Itethode

Substrate .-E:s-t!!g,Lx!ILE-..H .dlt

2hr 23 hr Substrate  XHydrolysts
2hr 23 hr

z-Cly-:leu-Nll2
Z-Cly-Pro-NH2
Z-Gly-Ser-rlH2
z-Gly-ValiNH2
z-Gly-AiaTNH2
z-Cly-?heTNH2S
Z-Cly-T)rriNH2i
Z-Cly-Try;NH2.
Z"Cly.LeuTNHz
Z.Ale.-Leu;NH2
Z-Gly-b-Leu-NH2
Ac-Cly-Leu;NH2

o
o
o
o
e

3e
34
20
IS
50
o
o

 o
 o
 o
 30
 60
)95
År95

,95
År95

)95
 o
 2S

Z-Cly-Vel-NH2
Z-Gly-Tyr-NH2k
Z-Cty-Ser-NH2
Z-Cly.Pro-NH2
z-Gly-Ale-NH2
Z-Cly;r;eu-NH2
Z-Ciy;?he•+NH2-
Z-Gly;Leu-)IH2
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stderably redueed, eornpared with that of
Z-Gly-Leu--NH2; no hydrolytic activity
agatnst Z-G!y-D-Leu-NH2 was observed.
   The Km va!ues of the neutral protease-
catalyzed hydrolysis of Z-Gly-Leu-NH2 and
Ae-Giy-Phe-1;H2 were 2.2 and 1.3 nitvf,
respectively.

DISCUSSTION

   The alkaline protease Ia is inactivated
by DFP and EDTA but not by STI and TLCK.
From its behavtor against these inhibitors,
except fer EDTA, the protease seems to be
analogous .to those enzyTnes which have been
classified as subtiltsin-like alkaline pro-
teases by Morihara (10S). The specificity
of the alkaline protease Ia toward the oxi--
dized insul.in B-chain is shown in Fig. 1, in
whieh those ef a rrtierobial alkaltne-serine
protease, and a-ehyrnotrypsin are presented
for comparisen. The protease Ia is able
to hydrolyze the all peptide bonds whieh
are cleavage points of a-chymotrypsin.
However, the spectfÅ}city of the protease
Ia is somewhat broader than those of the
other mtcrobtal alkaline proteases eited
in this figure. It is uncertain whether
the differences of specificittes against
the insulin B-chain are fundamental ones
or are eontributed to differences of ex-
perimental eondttions, The protease Ia

is able to cleave amide or ester bonds of
Z-Gly--X--NH2, Ac-X-OEt, etc., where X is
L-tyrosine, L-phenylalanine, or L-ieusine.
The spectficities of the enzyme against
synthetic substrates agree fairiy well with
the alkaline-serine proteases shown by
Morihara and Tsuzuki (104), in the follow-
ing respeets; a) the enzyme exhibits spe•-
ctficittes toward amide bonds containing
the carboxyl groups of aliphatic aTnLno
acids, such as L-leueine, L-alanine and L-
valine as well as aromatic ones, b) the
enzyme posesses esterase aetivity agaÅ}nst
Bz-Arg-OEt vhich is a specific substrate
for trypsin, c) the )en va:ues for the
enzyme of Ac--Tyr-OEt and Ac-Phe-OEt were
censiderably higher than those of a-chymo-
trypstn (104).
   The alka!ine protease :a is inactivated
by both DFP and EDTA. Therefore, it has
been unelear whether the enzyme should
be classified as a serine protease or as
a metalic one. Merihara (104) deeided that
microbial proteases should be classified
by their specificities, independent of
their origin. On the basis of the spe•-
cifieity, the protease Ia might be clas-
stfied as a serine protease. rf this is
so, it might be thought that a metal in
the protein molecule, whieh is chelated
with EDTA, partieipates in the maintenance
of the conformation of the enzy[De protetn.
Although a nurnber of enzynes called serÅ}ne
protease have so far been isolated from
vartous mtcrobes, few infornatSon on the
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   ,Serine protease from Gram-negative bae-
tertum was given. The protease Ia might
be thought to be unÅ}que tn the following
respects; thts Gram-negative bacterium
produees a serine protease, the protease
iS inhibited by both DFP and EDTA, and the
Protease is trreversibly inactivated by a
dlalysis against the buffer wtthout
caleium ion.

   The protease Ira from the erganism acts
eptimaily at a neutrai pH range and is tn-
hibitedby EDTAbut not by DFP. These pro-
perttes agree closely with those of the
enzymes classified as neutral proteases
(I03, 105). Zn Fig. 1, the cleavage potnts
in the oxtdized insulin B-chain by the
various neutral proteases so far reported
and by the neutral protease lra are sum-
martzed. Morthara et aZ. (i03) have shcA,rn
that etght kinds of neutral proteases from
various ulcroorganisms exhibit remarkably
similar specifieities against the insuiin
molecule. From the figure, it is clear
that the cleavage points by pretease Ira
are also exactly similar to these of the

otheT neutral proteases. The protease Ira
was active against synthetie substretes
such as Z-Gly-X--NH2, where X was L-leuetne,
L-phenylalanine, or L-iseleuctne residues,
and the split points were the peptide bends
te which these amino acid restdues eon-
tribute the amtno group. From the suscep-
tibilÅ}ttes of some pepttdes tnvolvSng the
amÅ}no group of leucine to the enzyme, the
structure of peptides which are able to
be hydrolyzed by the enzyme has te satisfy
the following requirements: a) the leucine
residue is of the L-eonfiguration, and b)
the carboxyl group of the leucine residue
is blocked. Furthermore, the rate of
hydrolysts of Ac-Gly-Leu-NH2 was eonstder-
abiy reduced, in comparison wÅ}th rhat of
Z-Gly--Leu•-NH2, and that of Z-Ala-Leu--NH2
was slower than that of Z-•Gly-Leu-NH2.
All of these phenomena, except for the
last ease, were in fair agreement wSth the
susceptibtlities ef peptides to fÅ}ve ktnds
of microbÅ}al neutral proteases vhich were
reperted by Morihara et at. (103).

SUMMARY

     The specificities of the alkaline and neutral proteases from the marine-
psychrophilic Pseudomonas sp, No. S48 were tnvesttgated ustng oxidized
tnsulin B-chaÅ}n and vartous synthetie peptides as substrates. The alkaline
protease was able to cleave the peptide or amide bonds contatntng a carboxyl
group of anino acid resiclues, such as L--alanine, L-glutamtc acid, L-argtnine,
L-leuctne, L-phenylalanine, L-tryptephan, L-tyrosine, and L-valtne, On the
basts of the specifietties, the enzyme might be classified as a serine pro-
tease,       compartng the specifiaities of the proteases se far reported,
although the enzyme is inactivated with EDTA as well as DFP.
    The neutral protease hydroZyzed the peptide bonds eentatntng an arnino
group of hydrophobtc amino acÅ}d residues, sueh as L-tsoleucine, L-•leucine,
and L•-phenylalanine.                    These speciftcÅ}tÅ}es agree closely with those of the
neutral proteases whieh have been reperted.
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CHAPTER!v

UTTLIZATrON OFNON-CARBOHYDRATESUBSTRATES

BY YEASTS ATLOWTE)(PERATURES

sEcTroN 1

UTILIZATION OFn-PARAFFIN
CAAIDIDA SP

BY A 1muITNE YEAST,
. 11b(313g)

INTRODUCTION

   It is well known that numerous micro-
organisms iso!ated from rnarine samples are
able to utilize hydrocarbons. ZoBell et
aZ. (ll7) studies en the oxidation of
hydrocarbon by marine sediments and report•-
ed that hydrocarbon-oxidizing bacterta were
found in every satnpie of the sediments.
Recently, prtncipaltypes of hydrocarbon-
oxidizing nicroorganisms isolated from
uvarine sedtments were suTnmartzed to include
Alocardia, Aetinomyces, Peeudomonas, Micro-
monosper,a and Mucobctcter.ium (118).
   The author has Å}solated a number of
microorganisms from sea, a typical environ-
ment of lcJv temperature. Among the or--
gantsms, a yeast isolated from martne sedi-
ment was found to be able to utiiize n-
paraffins at low temperature, The cultural
conditions for eell produetSon from n-paraf-
fins and the effect of temperature on as-
similation of n-paratfins by the isolate
are deseribed in thts section.

MATERIALS AND tyfiITHODS

linareorgcmzSM. The orgenism mainly used

in this experiments was a yeast, strain
)Errf313. isolated from marine sediment of
Sagami Bay.

ChemteaZs. The mixture of n-paraffÅ}ns
used im the experiments was a gift from
Mr. Minami, Maruzen Pecroleurn rndustries
Co, Ltd. The composition of the tnixture
was as follovs; O.4X n-C13, 68X n'`Clg,
29.9Z n-Cls, O.8Z n-C16 and 1.3Z aromatic
hydrocarbens. Pure n-paraffins were ob-
tained coTllmercially.

Mediwrr. The n-paraffin medium composed
of the n--paraffin mixture, 3,S g (5Z v/v);
(NH")2SOk, O.4 g; K2HP04, O.2 g; KH2PO",
O.1 g; FeC13'6H20, O.Ol g; Tween 20, O.O05
g; yeast extraet, O.2 g; in 100 ml of art-
ificial sea water, pH 6.0. The eemposition
ef the artifieial sea water was deseribed
in Chapter III.

IsoLation of manine nncroorganisms. The
sea water and sediment samples were col-
iected at the statSons of SaganL and Suruga
Bay, 34050.1'N--138038.4'E, 3SOOo.4iN-
l38039.1t, 34eS9.7tN-139O19.STE, 35009.7,N-
139016.5'E and 3S"06.8'E-139024.7'E, during
the eruise in October, 1968, by the re-
search vessel "Tansetmatu" of the Ocean
Research rnstitute, Vniverstty of Tokyo.
OR!T type of mtcrobtologieal sampler (119)
was used fer colleetton of the see water
satrrples from the vertical depths. The
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sediment samples were coilected by GravitY
Corer. Microorganistns ln the sea vater
SauTples were collected on the sterilized
MUipore Filter by ftltration. The filter
Was plaeed en the plate of ZoBell's 2216E
agar. The sediutent sample suspended in
the sterilized sea water was smeared on
the sarne agar, The plate was incubated
at roorn ternperature or below 10"C, After
One or two weeks, the mtcrobtal colonies
grown on the plate were transferred to
the agar slant of the satrbe composttion•
Concurrently, the enrichment culture in
n-paraffin taedtum was carried out, Small
arnount of the sea water or sediment sample
Was added tnto the n-paraffin mediurn and
tncubated under shakÅ}ng for iO days•
After two tiTr:es subcultures, the eultured
broth was pleted on the n-parafftn agar,
and then transferred to n-parafftn agar
siant. All of the ineubations were car-
rted out at ZOOc.

CuZtivatien ef mtcreorgani6m. One ioop-
fuX cells grewn en the n--paraffin agar
slant was ineculated tnto 4 ml of culture
medium in a test tube. In the case of
flask culture, the test-tube culture was
used as seed culture, The cultures were
carrted out under reciptocal shaking at
120 rpm.

Detennination ef ceZl yieZd. The cells
in the eultured broth were oollected by
centrifugation at 5000 x g for 10 min and
washed twice with the artificial sea
water, The ceU coneentration of fÅ}nal
suspenstion wa6 measured by opttcal denstty
at 610 mu. The eells treated with sea
wateT were washed with deionized water and
dried at 1050 to 1100C for 6 hr. Then
the dry cell weÅ}ght was measured.

AnaZysis ef n-pariafftn. Anaiysis of n-
paraffins was carrted out by a gas chro-
rnategraphy under the followtng condittons:
The epperetus,Shimazu hodel GC-3AH; colunn
dimention, 200 X O.3 cm; solid support,
eelÅ}te 54S (80 to 100 mesh); stattonary
phase, 5Z SE-30; tempereture, 900 to 2soec;
carrier gas, helium. The extractton of
n-paraffins from eultured broth was per-
formed accordtng te the method of Tanaka
and FukuS (120).

RESULTS AND DTSCUSS!ON

leolaticm of n-paisaffin-utiZising marine
  mTcl,oerganiems
   Among 6SO pure eultureB iselated from
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martne matertals, 20 strains of baeterta
and 4 strains of yeasts were able to grew
at 100C on the medium containtngn-paraf.
fins as carbon source, Table 1 shows the

    TABLE 1. urILTZAT;ON OF n-PAILkFrlN5 BY
          HARINE ifICROORGANrSMS

    )ledium used vae the satbe ae deecrtbed in
Hsterials and Hethods. Culttvation vas esrrted
eut under shaki"s at 12'C-

StraSn OrSgtn Cell produced

Bacterta
H3
M2S
M81
MIOO
H171
M172
10t9S
ro(303

 MMS02
 M611
Yeast
 H97
 M34S
 HM21S
 MM313

 vater
 vater
 vater
 vater
 vater
 veter
sedttnent
sediment
sedtmtent
sedtment

 water
 vater
sedtment
sediment

3.0 mstml
7.2
S.1
4.7
2.0
3.1
3,2
2.S
6.8
2.0

4,6
s,o

11.0
20.7

celZ yield from n-paraffins by the
A yeast, MM313, which was isolated
rnarine sediment, showed the highest
yteld. This yeast was used in the
ing experiments.

isolates,
from
 cell
follow-

Taconomie studies on the yeast. strain
  nv313
   Diagnosttc tests of the strain Mbd313
were carried ovt aecording to the methods
of Lodder and Kreger-van Rij (121) and of
Iizuka and Goto (122).

Descriptions of the straÅ}ns are a6 follows;
   Growth in malt extract; After 3 days at
ISOC, cells were eval to cylindrtcal 2'4
X 1-2 p, singie or Sn patr (Fig. i).
After 3 days, a ring and sedinent were
formed,
   Growth on malt agar; After S days at
15eC, the streak eulture wes white to
creern-colored, fiat, smooth, butyrous and
enttre at the margin.
   Siide culture; Pseudomycelium was form.
ed (Fig, 2).
   SporulatÅ}on; Not observed.
   Fermentation; Glucose and sucrose were
fermented slÅ}ghtly.
  AssiullatÅ}on of carben eotrpounds
    Glucose + D-Xylose +
    Galactose + L-Arabinose -
    L•-Sorbose - D-Arabinose -
    haltose + D-Rtbose -
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    Sucrose + Ethanoi +
    Cellobiose •- Glycerol +
    Trehalose - D-Mannitol +
    Lactose - D-Sorbitol +
    Raffinose + Methyl-ct- +
    Inu"n - glucostde
                       Salicin
   Assirotiatton of potassium "itrate;
Negetive.
   Splitting of arbutÅ}n; Posltive.
   Produetion of starch like compound;
Negattve.
   Growth in vitamin-free medium; No in-
creaBe.
   Reaction of litmus milk; No reaction.
   Origin of the strain studied; The strain
was tsolated from marine sediment sample
at depth of 1120 m at Sagami Bay, 3SO06.8'
N-139024.7tE.
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       .   From these results, the strain was
tdentified as a Candicia sp. MM313 referr-
ing to the description of Lodder (123)•
Although most of morphological and physio-
logical character.istics of this yeast
were sÅ}ullar to those of Candida soZczni,
some differences were found in the carbon
assimilation patterns. The isolate could
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assinilate galactose, raffinose, mannttol
and n-paraffins but not sorbose, cellobi-
ose, trehalose and salictn, whereas the
strain of C. soLani obtained from rnstitute
for Fermentation, Osaka Åq!FO O162) assimi-
lated sorbose, cellobiose, trehalose, and
sallcin but not galactose, rafflnose,
mannitol and n-paraffins.

Effect of ear!bon sour,ee on the grou)th
   The cultivations of the strain )fM313
were carried out at 12eC using the media
containing glucose, acetate and n-paraffins
as carbonsource, respectively. The results
are shown in Fig. 3. The highest growth
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 3. Effect of Carbon Sources en the Growth.

 Medium contained O.4 g of (NH02SO". O.2
g of K2HPO", O.1 g of KH2PO", O.Ol g of
FeC13.6H20, O.ooS g of Tween 20, O.2 g of
yeast extract and carbon sources tn 1oo ml
of erttfictal sea vater (pH 6.0). As cerbon
sources, S.OZ glucose (AÅr, 3.8Z n-pareffSns
(e) and 4.0 Z ammonium acetate (O) vere
used. The culttvations vere carried out
under shalctng at 12"c.

rate was recognized in the cultivation
with the glucose rnediurn, followed by tbe
acetate medium. The maximurn cell ytelds
from glucose, acetate and n-paraffins
were about 4S, 50 and 84Z to the initial
weight of carbon sources, respectively.

EJ"fect of sea water concentration on the
  growth
   The requirement of inorganic salt by
the yeast was tested. Glucose or n-paraf-
finswere used as carbon souree. The
yeasts were inoculated in media prepared
with the artificial sea water which was
successively diluted with deÅ}onized water,
and tncubated at 120 and 28eC for 10 and
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bon source. The cvlttvstSens vere carrted
eut at 12'C for 10 days (A) and a: 28'C
fer e days (B)•

4 days, respectively. As shown in Fig. 4,
the yeast did not requtre essentially
each salt in the sea water, but the cell
yield inereased with increasing concentra-
tion of each salt in sea water at both
temperatures. These phenomena were re-
markably observed in the case of using n-
paraffins as earbon source. The optimal
concentration of sea water tn the medium
waG 7SZ, but net a full strength of sea
water.

Effect of temperatu?e on the grou)th
   The Å}noculated media were shaken at
S" to 420C. The results showed that the
optimum temperatures for the growth rate
and for the growth level existed around
280 and 100C, respectively, tn the n-paraf-
fin medtum (Fig. 5). The organism grew
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   maximum ceLL yleld after appreprtete period.
     (B): Glvcose was used as carbon seurce,
   Åqe), grev:h efter 3 days.

well at 50C in the glucose medium (Fig.
S-B), but the growth was not observed at
the temperature Å}n the n-paraffin medium
(Fig. S-A). This ts beeause the n-pataf-
fin mixture used was selidtfÅ}ed at the
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tempereture.

ReZatien betu)een kind of n-pczraffin and
  its utiZization by the yeast
   The specificity ef n-paraffSn as carbon
source fot the grevth was tnvestigated
ustng each pure n-paraffin, n--Cg to n-C2o•
The cultivations were carried out under
shaking at 120C for 7 days and at 28"C
for 3 day$. As shown in Fig. 6, the
organSsm was able to assimilate n-paraf-
fins of n-C!o to n-C17 and especially n-Clo
to n-C12 at 120C with good cell production.
At 28"C, n-paraffins of n-Clo te n-Cis were
assimilated.
   The relative utilizability of n-paraf-
fins was tnvestigated. The mixture of
equivalent volume of pure n-paraffins,
n-Cg to n-C2o, except n-C13, was used as
carbon source. Tridecane was chosen as a
eontrol of extraction of n-paraffins from
eultured broth with n-hexan. Thirty mil-
liliters of the medium in 300 ml-flask was
shaken at 120 or 28eC. Tridecane was
added to the cultured broth after the
separation of cells. rhe residual n-paraf-
fins were esttmated by gas ehrotuatographic
teehniques. As shown in Fig. 7, all of
n-paraffins, n-Cg to n-C2o, were utilized
at both temperatute,

C/N ratto
   Effect of C/N ratio (n-paraffin con-
centratton per (NH4År2SO" concentration)
on the growth rate and the eell yield
were investtgated. n-Paraffin mtxture was
added te the medtum in the cencentration
of 3.8 and 7.6Z, respectively, The tesults
showed that the medium of CIN ratio of
19 was the best for the initial growth

 rate ÅqFig. 8). For cell yield, the ratio
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ris. 3. Effect of CtN ftatto on the Ctc"tth,
     Eaeel medSum used wes the seme as mentten- .
   ed tn Mtertals end ththode. ConctnttatSons ,
   of n-paraffins added vere 3.SZ (A) and 7.6Z
   (B). (O) CIN retio, 19; (e) CIN ratto,
   IS.2; (A) C/N ratte, 7.6i
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of 7•6 was the most suitable under the
experimental conditions.
   A marked drop of pH of the culture
medium occurred tn presence of (NH02SO"
as nitregen source. Iwhen the cultivation
was earrted eut under the eontrol of PH
with ammonia water, the acceleration of
the growth rate in the medtum of htger C/N
ratio and the increase of the cell yieid
in the medium of lower C/N ratio were
observed.
   Moreover, effects of phosphate concent-
ration and growth factor on the grewth of
the organism were investigated. As the
results, addÅ}tton of O.4Z K2HPOk and O•2X
KH2PO", and O.4Z yeast extract were
suitable fer the growth.
   From the results descrtbed above, the
optimum composttien of the medium for
cell produetion was established as fellows:
n-paraffin mtxture, 7.6 g (IOZ v/v), O.4
g (NHij)2S04, O.4 g K2HP04, O.2 g KH2POu,
and yeast extract O.4 g in 100 rnl of
artificial sea water, pH 6.S. The phos--
phates were steriltzed separately from
other components of the medium.

A a'ar, frer'mente" scaZe cuttivation for
  ceZl produetion
   A cultivation was carried out wtth
 30-!iter jar fermenter (Fig. 9). A
maximum cell yieid, which vas obtained
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              Period (day)
Fts. 9, Ttme Course of Ceil Productten by Stretn
   )CH313 at 13e and 28'C.

     The bedtum ves the satN! as Table IV. The
   condStione ef eulctvatton were es feilovs:
   ag•til"t:e'.IR[li}gA:'fi:iil.h70:.;..!',P.i.g,a{.,,{i,EIslE."t-

   The pH ef medSum vas controlied trt the range
   of 5.0 to 6.0 vtth 14X ai ponte veter. Cul-
   ttvatto"e vere carrÅ}ed out at 13'C (O) and
   2s'c (e).
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Fig. 10. Effect of Inoculum Size on the Cell

Production of the Strain HH313.

Cultivation vas carried OUt under the same
conditions as that shown in Fig. 10, except
for cultivation temperature (lS·C) and ino­
culum she. Inoculum she: (,A.), 10%; (0),
7%; (.), 5%; (.), 2%.

after 3 days cultivation at 28°C, was
40 g of dry cells per l~ter from 76 g of
n-paraffins. While, the cell yield by
7 days cultivation at l3°e reached about
85% to initial weight of n-paraffins.
Though the cell yield at 13°C was 1.6
times higher than at 28°e, a long period
was required for the cell production.

The effect of the size of inoculum on
the growth rate was investigated. The
seed cultures of logarithmic phase were
inoculated into the medium at various con­
centrations. At concentration of inoculum
of 10%, the growth rate was the most rapid
without decrease of the value of maximum
cell yield (Fig. 10).

Effect of the replacement of medium on
the cell production was examined with the
cultivation at 15°C (Fig. 11). The max­
imum cell yield was obtained after 4.5
days, and then a half volume of culture
was replaced with the fresh medium suc-
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Fig. 11. Cell Production of the Strain HH3l3 by
the Replacement of Medium.

Concentration of n-paraifins added vas 10%
(v/v). After 4.5 and 6 days t, a half volume
of cultures vas replaced by the fresh medium.
Cultural conditions were the same as describ­
ed in Fig. 10.

cesively. After the first replacement, it
took 1.5 days to obtaine the maximum cell
yield, and took one day after the second
replacement. The results showed the ef­
fectiveness of the half replacement of
medium on the rapid cell production at
low temperatures.

When the cell production from n-paraf­
fin is conducted at low temperatures, ttie
following disadvantages for the practical
use were considered; time is necessary 'for
an organism to reach the maximum level of
growth and energy is necessary for cooling
of a fermentor in the course of cultiva­
tion. However, using Candida sp. HM3l3,
a fairly high ratio (85%) of cell yield
to n-paraffin was obtained at 15°C, even
if the medium containing 10% n-paraffin
was used. Further, the succesive re­
placement of medium in the courSe of culti­
vation was effective on the reduction in
period of cultivation at low temperatures.

"....
,.~JSUMARRY

A marine yeast, strain MM313 was isolated from a marine sediment sample
at depth of 1120 m. The organism was identified as a Candida sp. MH313.

(46)



The yeast vas able to utiUze n-paraffin, n-Cio to n-C2o. Regardless of its
ortgtn, the orgattism grew tn a medtum prepared with fresh water. Hcrwever
the cell yield tncreased wtth tnereastng concentration of each selt in sea
water in the medtum aud reached a maximum value at the coneentratton of 7SZ.
The eultivatÅ}on temperature for the rneximum rate of grbwth and that for the
TnaxÅ}mum level of growth were 280 and 10"C respeetively. Several eultural
cenditions were tnvesttgated. The eell yields to n-•paraffins were about 8SZ
at ISOC after 4 days and 56Z at 28"C after 3 days under. the opttmum con-
ditions obtained.

h -'

(47)



UTILZZATTON

SECTION 2
OF IYfiZTHANOL

              h)
BY YEASTS

rNTRODUCTrON

   Recently, tnterest in the microbial
utiltzetion of methanol has increased.
As to fermentatton substrate, methanol is
superior to other carbon sources, includ-
tng normal alkane, methane and so on, in
foUowlng respects; a) methanol is avatla-
                                methanolble as highly pure substrates, b)
is completely miseible with water, c) cells
utilizing methanol have lower oxygen demand
on the basis of censtant produetivity and
d) heat evolution of methanol eulture,
which is dÅ}rectly proportion to the oxigen
demand, Ss lower than that of the other
substrate cultures.
   In 1906, S'Ohgen ftrst reperted the ise-
lation of a methane-oxidizing bacterittrn
(124). Bassalik observed growth of BaofZZus
extorquens on methanel in 1914 (125); yet
until after the work of Dworkin and Eoster
(1956) (126) little effort vas devoted to-
ward the elucidation of the mechanism of
aerobic Cl metabolism. Recenty, as the
interest in methanol as fermentation
substrate increases, tnformations describ-
ing micrebiai growth on methanol increases.
Many methanol assimÅ}lating bacterta be-

 lo"ging te dtfferentgenera have been well
known for bacterta, fer example Pseudon7onas
sp. PRL-•W4 (127), Pseuclornonas methanica

 (126, 128, 129) Methanomonas methano•-cxi•-
cians (130, i31), Pseudononas AMI (132),
Pseuclomonae M27 (133), Vibrto extorquens

 (134), seme speetes of MethyZomonas (13S),
 BacriZZus crereus (136), A?throbacte" rntfe•-
 saens (136), Hyphomierobium sp. WC, B522
 and so on. On the other hand, no methanol.
 assirnilattng yeast had been deseribed until
 only recently. rn 1969, Ogata et aZ. first
 reported the assimilatton of an yeast,
 KZoeckera sp, No. 2201 (138). Asthana
 et aZ. reported the assimilatton of methan-
 ol by another yeast presumed to be a

strain of Tor'uZopsts gZabrate (139). Sahm
and Wagner studies the growth of a Candida
boidtnii on methanol (140). Fujii and
Tonomura (141) repo:ted the assimilation
of methanol by some strains of Candtda.
Sacehar)om.vces and ToruZopsts. Oki et aZ.
isolated twenty strains of methano; as-
similating yeasts from rotten plants, and
indicated to tnclude two new species;
Candida methanoZiea and ToruZopsis methctno-
Zovescens (142). Hazeu et aZ. found to
be able to utilize methano! by !5 strains
of yeasts belonging to genera, HansenuZa,
Phiehia. ToruZopsis and Cctndtda, among the
type culture of the Centraal Bureau voor
Schiuunelculture (CBS) (143).
   The availabtlity of quantitative data
describ!ng mierobial growth on methanol
has been increased cellular yields are
found to vary frorn O.19 to O.4S gram dry
celi weight per gram ef methanol wÅ}th
most cultures having yield of about O.4..
Speeific growth rates or mass doubling
times vary tremendously among the varÅ}ous
isolates depending on the growth environ-
ment and the methanol concentratton.
Methanol utilizers are capable of doubling
thetr mass in as little es 2 hr.
   It is of interest to examtne to bio-
chemical problems which are posed by
energy transduction and bÅ}osynthesis of
cell eonstÅ}tuents from the redueed one
carbon cornpound in the organism, The
pathway of aerobic methanol oxtdation has
been shewn to proceed in the manner ftrst
proposed by Dworkin and Foster (l26),
 (CH" .) CH30H - HCHO - HCOOH . C02
The enzyme cataliztng each step ts confirm-
ed in celi extracts or purified enzymes,

 (!26 - 129, 156).
   As to the biosynthesis of cellular eon-
 stituents durtng growth on methanol, it
 is now clear that at least two dÅ}stict
mechantsm$ exist. One of these, the

 serine pathway (14S-148), seens to occure
 in faeultattve rrÅ}ethyletrophs (135, 144År

(48)



which are ab.l.re to grow on various carbon
 compounds as well as redueed Cl compounds.
The other one, the allulose pathway (149 -

 148), has so far been deseribed only in
 the obligate methylotrophs (!35, 144).
These two pathways have been examined

 in detail by Quayle and his eo-workers.
The sertne pathway involves a hydroxy-
methylation of formaldehyde with glyeine

 to form serine. The serine formed is
metabolized to oxaloacetate via hydroxy-
pyruvate, glycerate, 3-phospheglycerate
and phosphoenol pyruvate. In this pathway,
glyeine is formed by the transaminatien
between glyoxalate and serine. However,
it has not been clear whether glyoxalate
is synthesized by a splitting of an un-
known C" c.ompound or by a eendensation
of carbon dioxide and the Cl compound,

   Cl units are incorported into the al-
lulose phathway by condensation of three
formaldehyde with three ribose S-phosphate
molecules to form the six-carbon, allulose
6-phosphate, The allulose 6-phosphate is
epimerized to fruetose 6--phosphate and
then phosphorylated to fructose 1,6-dÅ}-
phosphate. The fructose 1,6-diphosphate
is splitted te glyceraldehyde 3-phosphate
and dihydroxyaeetone 3-phosphate. The di-
hydrp)ryaceton 3-phosphcnte can then enter
the glycolytic pathway, and the glyeer-
aldehyde 3-phosphate moleeules to re-
generate three ribose S-phosphate via
the reaction being similar to the Calvin
cycle.
   So far most studies on biochemical
aspects of assirnilation of reduced Cl-
compound such as Tnethanol have been ear-
ried out using the bacterÅ}al strains.
Recently a few inforTnation of metabolism
of methanol utilÅ}ztng yeasts have been
obtained. A methanol-oxidtzing enzyme of
the supposed KZoeekera sp. No. 2201 was
isolated and purifted by Tani et aZ. (IS2,
153). The enzyme ts a kind of alcohol
oxidase containing FAD as prosthetie
group. The properties are different frem
those ef methanol--oxidizing enzyme ise•-
lated from methanol•-utiliztng bacteria.
Thereafter, Fujii and Tenomura also re-
eogntzed the similar enzyne in Canditia
sp. (141). Further, with the yeast,
Fujii and Tonomura (154) showed that
earbon of methanol was rapÅ}dly incoTporat-
ed initially into hexose phosphates.
   In this seetion, cultural eonditions
for methanol utilization of.yeasts are
descrtbed. The cultural conditions for
KZoeckera sp. No. 2201 have been already
doeumented (138, 15S). But it is thought
that the cell yield ts lower and the
growth rate is slower, comparing with

(49)

other methanei utilizing yeasts. In order
to obtatn the better conditions for cul-
turing on methanol of Kloeekera sp. No.
2201, following experiments are performed.

tvtATERIALS AND tW[ETIIODS

ratcpoorganistn. KZoeekera sp. No. 2201
was mainly used in the experiment. Partly,
four strains of yeast, TovuZopsis ptnvts
IFO 0741, Han6enula capsuZata IFO 0974,
Pichia pinus TFO l342, Ptehia trehaZophiZe
IFO !282, whieh wete found to be able to
assimilate methanol by Hazeu et aZ. (143)
and two yeasts, Candida methanoZiea and
Tor'uZop6is methanoZoveseens, which were
isolated by Oki and Kouno (142) were also
used.

Mediiun. The basal medium conststed of
methanol 2 g, NH"Cl e.4 g, K2HPO" O.1 g,
KH2POk O.1 g, MgS04.7H20 O.OS g and grewth
substanee in 100 ul of tap water, pH 6.0.
Methanol was added te the medium whtch
had been separately sterilized.

CuZtivation. One loepful cells grown on
the methanol agar slant was inoculated
into S ml of the medtum in a test tube
(1.6 x 16 cm). The cultivation was car-
ried out at 280C on a reciprocal shaker
(130 rpm). In the case of 300 ml-flask
culture, 1 ml of the tube culture was
used as seed. The cultivatton was carri-
ed out at a desired temperature on a
rotary shaker (240 rpm),

Deternrination of ceZZ yieZd. The cells
in the cultured broth were eollected
by centrifugation at 5000 x g for 10
min and washed twice with deionized water.
An optical density at 610 mv of the final
suspension was measured.

RESULTS AND DISCUSSION

Effect of severaZ grewth .facto"6 on the
  growth oj' Kloeckera sp. No. 2201
   rt has been shown that KZoeekera sp.
suppZementally requtred thÅ}aulne for
growing on methanoi (Z55). Conventional
medium ef the organism eontained a vttamin
mxture as growth factor. The effect
of several growth factor on the growth of
the yeast was examined, The yeast was
cultured on the medium contaÅ}ning vita-
rntn mixture, yeast extract or eorn steep
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Ftg. Effect of Grow:h Factor en• Crwth•'of
   KZoeeket-a sp. Ne. 2201.
     The basel medtum eonteined 2.fi z nethene!t
      g NH"Cl , e.1 g K2R?Ou. e,1 g IRI2Peu,
      e.OS s MgSO"•7"2e Sn leO al- taF vater,
      6.5. CSL ves edded in the cencent• yatien
      O.2Z. The cencentratton ef vttesstn nttx-
   ture was descrtbed !n Mareriais and ttetheds.
   (H} CSL added, {}--) CSL addgd and
   methanel less, (H) vttaditn mSxture added.
   (k-i) vttamin mtxture added and methaae!
   less.

Iiquor (C.S.L), Arnong the growth faetors,
                                  bothC.S.L was the most effective for
 growth rate and eell yield. A6 shown in
 Ptg. 1, the cell yleld on the medium con-
 taining O.2Z C.S.L was about 2.7 tSmes
 that on the medSuTn containing vitamin
 ntxture; Im these eases, the growth on
 each methanol-less rnedium was negrtgible,
 !n the following experiments, the medtum
 containing O.2Z C.S.L was used.

 Effeet of methanoZ ceneentvation en the
   grouJth
    As shown in Fig. 2, the optima1 eon-
 centration of metbanol in the bateh-wise
 culture was found to be 1 to 2Z. Zn the
 higher concentrations, e,g. greater than
 5Z methanol, the growth wes extremely in-
 hibitedi.

 Effeet ef pH on the gnvtk
    Tbe effect of initial pH ef medium on
 the growth wae examined. As shown'in
 Fig. 3, the opttmum pH for the grcJwth was
  found to be S.O te 6.S. During the
 grewth ett methanol, the drop of pH of the
 mediutn was observed. Thus, to obtaine a
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 2. Effect of Methanol Ce"centratÅ}en on
Grovth ef KZeeckera sp. Ne. 2201,

 The ce rpesÅ}tien of medium vas :he same
es descrÅ}bed in Fig. 1, except fer methanol
cencentratSon. MethaneZ: (A) OZ, (e) IX,
(o) 2Z, cA) 3:, and (e) 5X.
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 3. Effect of pH on the Grevth of KZoecket,a

sp. No. 2201. •
 rhe medttm eontained 2.0 s thethartel, O,4
.NH{,Cl, O.i g K2H?O-, O.1 g K"2PO", O.OS s
MsSO-.7H20, and O.2 s CSL in 1oo ml of tap
water at vartous pH SndScated. 71 hr cul-
ttVatton (e), 44 hr eultivatton (O).
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better growth yield, the pH should be
controlled.

ReZattonship between temperature and
  growth of Kloeckera sp. No. 2201 and
  other yeasts
   Ftgure 4 shows the grovth eurves of
KZoecker:a sp. No. 2201 at varieus temper-
atures. The organism was able to grow
up to 30eC. The optimum temperature was
found to be 250C. The eell yield reduced
at 300C, compared with 200C. It is ap-
peared that the yeast has relatively low
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Ftg. 4. Effect of Temperatvre o" the
   Kloeakera sp. No. 2201.

    The composttton of the medium
   as descrtbed in Fig, 3. (pH 6.S)
   remperature: (e) 20'C, (O) zsO
   end (O) 3S'C.

RO

Crowth of

vaE the same
.

c, (A) ]oec,

growth temperatures. This temperature re-
lattenshÅ}p coincides with the faet that
the activities of aleohol oxidase and
formaldehyde dehydrogenase from the yeast
are opttmurn at the temperature below 30"C
as described latter.
   The relsttonships between temperature
and grbwth of severai methanol-utilizing
yeasts were investÅ}gated. The results
are presented tn Table I, The opttmum
temperature for growth of most of the
yeasts were found to be 2S" to 30"c. How-
ever, Ter,uZopBis pinus IFO 0741 was an-
able to grow at 28"C and tts eptimum ten-
perature was found to be 200C. Although

(51År

   TABLE I. CROVTH TEH?ERATISRE OF HEnvOL
            UTrLIZINC YEASTS

    Medtt=e used was the same as descrÅ}bed in
Hatertals and Hethede. CultSvatton wae c-rrted
out under shaktng at vartous temptratures.

Stratn '!Iilplll liiFS!er:l\ li:!'um

K:oeckerti sp. 2s'c
Candida "vthtmrteliea 2S-30
Tor'ulopeie pinua 2o
Tor'zttopeis methanoZoveeeene 2S-30
EmisenuZa capeutata 25Piehta pinue 28Pichia tr-ehaZophiZe 30

3oec
3S
2S
3S
28
30
3S

no data regardtng the growth at low tem-
peratures was obtained, on the basts of
optimum and maximum growth temperature,
the yeast may be classified as a psychro•-
phile.

A jap' .t-ervnenter scaZe cuZtz'vatien for
  eeZZ produetion
   A cultivation was carried out wtth 30-
iiter Waldhof-type fermenter in the fol-
lowing conditions; temperature, 2SOC; re-
volution, 300 rpm; aeration, 2.0 v/vlm
and medium velume, IS liters. Vnder the
best conditions obtained precedtng ex-
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FÅ}s, S. JaT-fermenter Scele Culttvatton tor Cell
   Productton.
    The cempostton of the medium was the same
   ts descTtbed tn Ftg4 3. Cultural eondttions
   vere es follovst teetperecurt, 2S'C; reve.
   Iution, 3eO tpza; aeratten, 1 vlv/m (O,6 atm).



PerÅ}mente, growth rate and cell yÅ}eld
Were ' c' alculated to be vuax, O.13 hr"1,
and O.40 g dry ce:1 weight per g inethanol,
respeetiveZy. These values obtatned are
higher than ve:ues descrÅ}bed prevtouely
(138, 15S).

   Among
addition
ture may
ttve to
yÅ}eld.

the factorg Å}nvestigated, the
of C,S.L and the lowtng tempera-
be thought to be the most effec-
rise both growth rate and cell

SUMMARY

     Scnne eultural eenditions for cell production of a yeast, KZoeckera sp.
No. 2201, from methanol were investigated• As for growth factor, C.S.L wes
the tnost effective for both growth rate and cell yield. The cell yteld en
the medium containtng O.2Z C.S.L was about 2.7 times that ou the medtum
eontafning a vitamin mtxture, The optimum concentration of methanol was
follnd to be 1 to 2Z and at the htgher concentratÅ}on, the growth was depressed.
The eptimimb pH was S.O to 6.5. The best gelZ yield from rnethanol was at:ained
at 2S"C. Under the best cond#ions ebteined, the growth rate and the cell
yieid nere ealeulated to be vmax = O.13 hr' and O.40 g dry eell wetght per
g methenol, respectSvely. The relatienshtps between tetuperature and growth
of the s"t types of methanol-uttlizing yeast were tested. Ibaong the yeasts,
Tor,ulopeie pinus rro 0741 grew optirnally at 200c.
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CHAPTER V

OXIDATION OF C
1

COMPOUNDS BY METHANOL­

UTILIZING YEASTS

SECTION 1

PURIFICATION AND PROPERTIES OF FORMALDEHYDE

DEHYDROGENASE IN A METHANOL-UTILIZING

YEAST, KLOECKE~ SP. No. 2201 i )

INTRODUCTION

It has been suggested that the methanol
oxidation by methanol utilizing bacteria,
such as pseudomonads, proceeds as follows
(126 ~ 129) .

CH30H --. HCHO --. HCOOH ~ C02
Some informations dealing with the proper­
ties of enzymes which catalyze each step
of the methanol oxidizing system has been
accumulated (126 ~ 129, 156).

Tani et al. (152, 153) have reported on
the properties of a methanol oxidizing
enzyme from the methanol utilizing yeast,
Kloeckera sp. No. 2201. The enzyme was
isolated in crystalline form from the
cell-extract, and was characterized as
an alcohol oxidase containing FAD as a
prosthetic group, in which it differed from
other methanol-oxidizing enzymes in
methanol-utilizing bacteria.

In ~he present section the author wishes
to clarify a subsequent reaction in the
methanol-OXidation system of Kloeckera
sp. No. 2201. A formaldehyde,oxidizing
enzyme was found in the cell-extract of
this yeast. This section describes the
formation, purification, and characteri­
zation of the enzyme.

(53)

MATERIALS AND METHODS

OPganism. Kloeckera sp. No. 2201, which
was able to grow on methanol as a sale
source of carbon, was used throughout
this study (138).

Materials. DEAE-ce11u1ose was a gift from
Green Cross Co., Osaka. Hydroxylapatite
was purchased from Seikagaku Kogyo Co.,
Ltd., Tokyo. Selecta-electrophoresis­
membrane (cellulose acetate membrane) was
purchased from Carl Schlicher and Schule,
Dassel. Formaldehyde solution (37%) of
guaranteed reagent grade was obtained from
Nakarai Chemicals, Ltd., Kyoto, and this
solution was standardized by the method of
Yoe and Reid (157). All other chemicals
were obtained from commercial sources and
were used without further purification.

Medium and cultivation. The medium for
culture consisted of 3 g methanol, 0.4 g
NH4Cl, 0.1 g KH2P04 , 0.1 g K2HP04. 0.05 g
MgS04·7H20 and 0.2 g yeast extract in 100
ml of tap water, pH 6.0. Methanol was
added to the medium after the steriliza­
tion of the other components of the medium.
The medium for subculture contained 1% of
glucose instead of methanol 8S the carbon



source,
Prepar'ation of eeZZ-enctract. The cells
ln the cultured broth were harvested by
conttnuous flow centrÅ}fugation and were ,
washed with O.Ol M potassSum phosphate
buffer, pH 7.S. The washed cel!s were
suspended Å}n approprSate volumes of the
                               dithio-above buffer eontatning O,OOI M
threitol (DCT) and treated wtth a 19 kHz
Ka!jQ Denkt ultrasonie oscillator for
5 hr. The eells and debrls were remeved
by centrifugation at 12,OOO x g for 30
min. rhe resultant supernatant was used
as the eell-extract. The abeve procedures
were carried out below 5"C.
Measttr'ement of fonnaZdehyde dehydrogenase
ctctivity. The complete reaction system
tn a 3.5 ul siltca eell (1 em light path)
eonsisted of !.2 vmeles of fermaldehyde,
O.67 vmole of NAD, O,67 umole of reduced
glutathione (GSH), 6•6 pmoles of.potassium
phosphate buffer (pH 7.5), enzyme. and
water to a total volune of 3.0 ml. The
blank cell lacked formldehyde. The re-
actton waB started by the addttion ef
formaldehyde, and the tncrease tn the
exttnction at 340 mv was fellowed tn a
Shimadzu double beam spectrophotometer
Type UV--200.

    Specific eetivity of the enzyne was
 expressed as units per mg of protein,
where one unit is defined as the tncrease

 of O.10 in the opticai density at 340 mp
 during the tnitial 1 min tneubation.

AnaZytieaZ method. Formaldehyde wa6
 determined by the spectrophotcrmetric
 measurenent of the complex formed between
 formldehyde and chromotrepic aetd according
 to the method of FrSsell and Mackenzie
 (158). Fomic actd was determined uslng
 a colortrnetric methed accordins to Grant
 (159), which was based on the reductton te
 fommaldehyde by means of magnesium, wtth
 subsequent measurement of the formaldehyde
 by tbe tuethod desertbed above. Protein
 was determined by measurement of the
 absorbancy at 280 mv.
    For the investigation of the purtty of
 the enzyne preparation, electrophoresis
 en eellulose acetate membrane was carried
 out at O.S mA/cm (S60 v) on cooling plates
 for 1 hr, accordtng to the procedure of
 Kohn (160), AmSdo black was used for the
 staintng of protein.

RESULTS

Form7atton of for,maLdehyde dehydrogenase
   XZoeckera sp. No. 2201 was grown on a
medium contatnÅ}ng 3.07, methanol or 2,OZ
glueose as carbon sources. Figure 1
shows the time courses of the formatton of
formaldehyde dehydrogenattng enzyme in
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Hg. 1. SpecifÅ}c ActivSty of Fennaldehyde De-
   hydrogenatÅ}ng Enzyme !n Methanol- or Clucose-
   Crovn Cells.
    Culttvsttons vere carried eut et 28'C vtth
   shaktng. The enz)rme actSvtty was tneasured
   undeT the standard assay cendtttons.
   (J-r-"); grewth on gZucose, (e-e); srowth
   en methanoi, ("}; spectfic activtty Å}n
   giucose-grevn cells, ("); spectfSc act-
   tvity tn methanel-grovn cells.

cells which were grown on eaeh of the
medÅ}a. The specÅ}[ic activity of the enzyme
frotu methanol-grown cells was higher than
that from glucose-grown cells by about
10 times.

Pur,i fieation of the enzyme
   ln O.Ol M potassium phosphate buffer,
pH 7.S, the enzyrne activity was lost almost
completely within a week at OO to 50C.
But, by the additton of 1rrT (fÅ}nal cen-
centration: O.OOI M) to the bufEer, the
enzyTne aettvity could be maintained at
these temperatures wtthout measurable
loss for at least 2 weeks. All operations
were earried out at OO to 50C throughout
the purÅ}fieation procedures.

   Step 1• ?r'epar'ation ef the ceZZ-ectraet•
A eell-paste was obtained from 30 liters
of cultured broth, and the cell-extract
was prepared Å}n the same ,rnanner as describd
ed tn Materials and 1(ethods.
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   Step 2. Anrmoniurn suZfate fraetionation.
Solid ammonium sulfate was added te 670
ml of the cell-extract to e.40 saturation.
After standing overntght, the precipitate
was removed by centrifugatiop at 12,OOO x
g for 30 min and discarded. The ammonium
sulfate concentratton of the supernatant
was increased to O.70 saturation. After
standtng overnight, the precipitate was
collected by centrifugation and dissoived
in O.Ol M potassium phosphate bur"fer, pH
7.5, containing O.OOI M DTT. The enzyTne
solution wa$ dialyzed for 18 hr against
four ehanges of S liter volumes ef the
sarne buffer.

   Step 3. Ist DEAE-eeZZuZose coZvcnm
chromatogrphy. The dialyzed enzyme
solution (120 ml) was chromatographed on
a DEAE-cellulose column. An elution was
carried out with stepvise increases tn the
buffer coneentration. The elution pattern
of the chromatographed enzyme is shown in
Fig. 2. The enzyme was eluted with O.1 M
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 2. ChroTnatogTaphy ef Formaldehyde Dehydro-
genattng Enz)rme on a DEAE-Cellulose Column,

 The dialyzed enzyme soiution (120 ul) was
applted to a DEAE-cellulose celurnn (S x 40
cm) vhich hed been equtltbrated vith O.Ol M'
potassium phosphete buffer, pH 7.5, aontain-
ins O.OOI M DTT, and then vashed with :he
same buffer, folloved by a stepwÅ}se elutton
tnvelvÅ}ng an tncrease tn the buffer eoncent-
ration. The buffers were ellowed :o flew at
a rate of 1 ni/mtn and 20 mi fractiens vere
eeliected.

potassium phosphate buffer, pH 7.S, con-
taining O'.OOI M DTT. The aetive fractiens
were combined to give 7SO ml, which was
eoneentratedbythe addition of solid
ammoniurn sulfate to O.70 saturation. The
precipttate obtaÅ}ned by centrifugation at
12,OOO x e fer 30 min was dissolved in
a small volume of the buffer (O.Ol M),
and dialyzed for 18 hr agatnst four changes
of 2 liters volumes of the same buffer.

'
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   Step 4. 2nd DEAE-eelZuZose coZtenn
chnomategraphy. The dialyzed enzyme
solution was rechromatographed on a
eolumn ef DEAE-cellulose. The enzyme so-
lution was plaeed on the colurnn (3 X 45
cm) and eluted by application of a 4 liter-
linear salt gradient (frorn O to O.1 M
NaCI in O.05 M potassiurn phosphate buffer,
pH 7•S, containing O.OOI M DTT; fractions,
10 ml; flow rate, O.5 rn11min). The aetive
fractions were eombined, aud subsequent!y
concentrated in the same manner as describ-
ed in the above step. The concentrated
enzyrne solutien was dialyzed for 18 hr
against four changes of 2 liters volumes
of the O.Ol M buffe:.

   Step 6. Hydr'oxyLapatie coZumn ehromdto-
gr'aphy. The dialyzed enzyme solution was
placed on a eolumn of hydroxylapatite (2.S
X 2i cm) whieh had been equilibrated with
O.Ol M potassÅ}um phosphate buffer, pH 7,S,
containing O.OOI M DTT. The suecessive
elilttons were carried out with O.Ol, O.02,
O.05, and O.1 M potassium phosphate buffer.
The active fraetions were found in the
eluate with the O.1 M potasstum phosphate
buffer. The enzyTne solution collected
(300 m!) was concentrated by ultrafiltra-
tion, using a eollodion bag.

   Step 7. Sephaclex G-200 geZ fiZtration
The enzymesolutÅ}on obtained in the pre-
ceding step was subjected to Sephadex
G-200 gel ftltration. Figure 3 shows a
typteal elution pattern of the enzyme.
These active fractions were eombined to
give 60 rn1, and eoncentraLed by u!tra-
filtration.
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FSs. 3. Gel rtltration ef the Entythe on Sephadex
   G-200.
    rhe Sephadex G-200 vas packed tnte e colum
   (2 x 1oo cm) and equtltbrated wtth O,Ol M
   potassium phosphate bufter, pH 7.S, contatn--
   ing O.OOI M DTr. The entynAe solutton was
   placed on the celum and then the buffer
   vae allewed to flcrw at e rate of 10 ul per
   hr end 3 ml frecttons were celleeted,



TABLE I. SUMMARY OF THE PURIFICATION OF THE FORMALDEHYDE
DEHYDROGENATING ENZYME

Total Total Specific
Treatlllent protein activity activity Purification

(mg) (unit) (unit/lllg)

Crude extract 22780 134000 6 1
Ammonium sulfate 5520 66240 12 2
lat DEAE-cellulose 1000 115200 115 19
2nd DEAl-cellulose 513 &8400 133 23
Hydroxylapatite 57.3 29400 516 88
Sephadex G-200 19.5 12200 &29 107

the Purified

OL.-.._L.----..::~_~_.a..-_"""'-J

200 300 400 500 600 700
Wave length (m~)

Fig. 5. Absorption Spectrum of
Enzyme.

Purified enzyme was used in 0.01 M potas­
sium phosphate buffer, pH 7.5, containing
0.001 M DTT.

0.1

0.2

a
a

measured with a Shimadzu double beam
spectrophotometer Type UV-200. Figure 5
shows that the enzyme, in 0.01 M potassium
phosphate buffer, pH 7.S, containing
0.001 M OTT, exhibited only one absorp­
tion maXimum, near 280 m~, over the range
of wave lengths investigated.

2) Suhstmte specificity. The reaction
system for formaldehyde dehydrogenation
consisted of 1.2 umoles formaldehyde or
other aldehydes, 0.67 ~mole NAn, 0.67 ~mole

GSH, 6.6 ~moles potassium phosphate buffer,
pH 7.5, enzyme, and water to a total VOlume

The enzyme was precipitated by the
addition of Bolid ammonium sulfate to
0.70 saturation and stored in a refriger­
ator at 5° to 7°C.

A summary of the purification of the
enzyme is presented in Table I. In the
results, the enzyme preparation which
was chromatographed on DEAE-cellulose had
a specific activity of 115; recovery of
the activity was about 175% of that of the
preceding step. This excess yield of act­
ivity was probably due to the removal of
NADH oxidase activity.

p
(A) (B) (8) (D)

Fil· 4. Ultracentrifugation Analysis of the Purified Enzyme.

Photolraphe of Schlieren patterns were ~aken at 12{{A}, 18 (B), 42 (C),
and 60 CD) min after reaching 54,000 rpm. Protein, 0.5% in 0.01 M potassium
ph08phate buffer, pH 7.5, containing 0.001 H DTT.

Homogeneity
As shown in Fig. 4, the analysis of

the purified enzyme preparation by ultra­
centrifugation showed a nearly single and
symmetrical Schlieren peak. An electro­
phoretic analysis was carried out under
the conditions described in Materials
and Methods. From the results, it appear­
ed that the enzyme preparation was accompa­
nied by a small amount of protein which
did not exhibit enzyme actiVity. The
purity of the enzyme preparation was assay­
ed by comparing the extention of color­
staining with amido black: the purity ob­
tained was about 90%.

Prope~ies of the purified enzyme
1) Absorption spectl"W1l. The ab­

sorption spectrum of the purified form­
aldehyde dehydrogenating enzyme was

(56)



  T"LBLE lr. REACTrON SYSTEM OF FOR)fALDEHYDE
             DEHYI)ROGENASE

    The cetuplete system cenststed of 1.2 umoles
formaldehyde, O,67 vmele NAD, O.67 uTnole GSH,
6.6 pmeles petasstum phosphate buffeT (pH 7.S),
enzyme, and water to a total velume ef 3.0 ml.
The eazyme reactton wes carrÅ}ed eut under the
stendard assHy condttÅ}ons.

Reactten system Acttvity
 (untt)

Complete sy6tem
mLnus formaldehyde
mtnus NAD
NAI)Pt
mÅ}nus GSH
mtnus enzyme

a.o
o,o
o.o
o.o
o.o
o.o

tA reac:Sen system in which NAD was replaced by
NADP was used.

of 3.0 ml. As shown in Tab!e rl, no re-
action was observed when any constituent
was emitted from the reaetion system.
The system was specifie for NAD. No
appreciable reduction of NADP occurred,
The Krn for NAD was O.02S mM. The ad-
dition of GSH as a cofactor was necessary
for the oxidation of fonnaldehyde by
NAD; thiol compounds, such as eysteine
2-mercaptoethanol, DTT, or thioglyeerol,
were not able to replace GSH as a cofactor.
When GSH was omitted from the reaction
nixture deseribed above, NAD--linked form-
 aldehyde dehydrogenase could not to be de-
tected even in the crude cell-extract.

   The oxidation of various aldehydes by
the dehydrogenase ts shown in TabZe III,
Methylglyoxal as well as forrnaldehyde
was effective as substrate, but the enzyme
was unreacttve toward the other aldehydes
tested. The Krn of tformeldehyde for the

TABLE

    The
standard
(3.0 tnl)
ves used.

 lrl. SVBSTRATE SPECIFrCITY OF THE
         ENZYME

enzytne activtty vas measured under the
assey cendtttons. A reaetten mtxture
whtch contained l.2 umoles ef aldehyde

Substrate    Activtty
(AE3uo fer t mtn)

Fomaldehyde
Acetaidehyde
Propionaldehyde
Butylaldehyde
rsobutylaldehyde
Olutareldehyde
Glyeeraldehyde
Glyceleldehyde
Benzaldehyde
Glyoxal
Methylglyexat

o.eg
o,oo
o.oo
o.oo
o,oo
O.QO
o.oo
o,oo
o.oo
o,oo
O.08

e

.

(S7)

enzyme was found to O.29 mM, whtle the Khi
for methylglyoxal was 2.8 m)4.

   3) Stoichiornetry of formciZdehyde cle-
hydroeenation. The stoichiotnetry of the
reactien was established by the use of a
reaction system eentaining O.1 pmole of
fermaldehyde as substrate. The reaction
was carried eut at 300C in a stliea celi,
When formaldehyde was completely consumed,
the reactien was stopped by the addition
of O.2 TEtl of 4 N HCI. The concentration

   TABLE IV. STOICHrOMETRY OF FORMALDEHYDE
       DEHYDROGENATION BY THE ENZYME

    The reactton vas carrted out at 30'C tn a
3.S ml stltca cell (1 cm iÅ}ght pech). The ex-
perSmental taethods are descrtbed tn the text and
the determinetton of the product vas performed
as desertbed in Matertals and Metheds.

Fer"ma1dehyde
 decreased
  {umele)

 NAD
formed
(umole)

Formtc actd
  fermed
  (vTrbeie)

O.100 O.109 O.10S

of NADH forned was determined by the
measurement of the increment of the opti-
cal density at 340 mu (exttnction eoef-
fieient; E3"o'= 6.22 x 106 cm21mole).
An aliquot of the reactiem mixture was
taken up, and then formaldehyde and formÅ}c
acid weredetermined. It was shown that
ene umole each of formic aeid and NADH
were produced for each vmole of formalde-
hyde exidized (Table IV). Thus, the
reaction may be described by the fellewing
equatlon:
 HCHO + NAD + H20 . HCOOH + NADH + H+

   4) Effreet ef ternperature an the enzyme
aetivity. Figure 6 shows the variation
of the enzyme activity with temperature.
The maximum activity was observed at 300C.
   Ftgure 7 shows the effeet of temperature
en the stability of the enzyme. The en--
zyme was stable up to 200C, but was un-
stable abeve 30eC. The acttvity was almost
lost at SOOC under the standard assay eon-
ditions.

   5) Effeet of pH on the enayme acttvity.
The vartattons of enzyTne acttvÅ}ty wtth pH
are shewn in Ftg. 8. The optimum pH of
the enzyrne was feund to be at 8.0 tn potas-
sium phosphate buffer. The aetivtty of the
enzyme tn Trts-HCI buffer was lower than
that Å}n the potasstum phosphate buffer.
It seemed that Tris-HCI buffer tnhibtted
the aetivtty of the enzyne.
   Figure 9 shews the pH stabilÅ}ty of
the enzyme. The enzyme was incubated at
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 7, Stabtlity of the Eniynt asainst Tempera-
ture`

  The enzyme, in O.Ol M potefisSum phoephate
buffer, pH 7.S, contatnins O.oo1 M PTT, vas
prttncubated for 10 ntn at each t"mperature
as tndtetted. The reNtntng activtty vas
measured und-r tht sta"dard as"y cendtttens

.

a given pH for 1 hr at 200C, and then as-
sayed far the retnaining acttvÅ}ty under
the standard assay condÅ}tions. The en-
zyme was stable over the pH range 6.0 to
11.0.

    e) EYefect ef metaZ ien on the ensytne
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 9. Stabtltty ef the Enzyme ageinst pH.

  The entyne, tn eaeh ef the buffers describ-
ed tn ?ts. B, vas preincubated et 20eC for
1 hr. Tht rematntng acttvity wse maeured
under the standard assay cendtttons,

aetivity. As shown tn Table V, the en-
3,yge.,"sge\ltK,xte zo.:pXE\ek{ :"2:R:E:d,.Xy-

tion of 1 MM.

   7) Effeet of inhibiter on the enayme
activity. The results are shown in Table



TneLE V. EFnCT OF METAL 10N ON THE
        ENZYME ACTIVITY

    The enzyme vas pretncubated vith each metal
ten (1 mH) for 1 hr at 20eC, and then the remain-
ing actÅ}vtty was measured under the standard
assay eondittons.

lnhtbi-- lnhÅ}bt-
Salt tton Salt tion

(z) (x)

None o cuso" 1oo
NtC12 14 HgCi2 100
CdC12 100 AgN03 1OO
MnC12 42 srC12 o

znC12 73 Pb'ecetate o

CoC12 o (NH-År2M0702" 33
Ba.acetete 14 AIC13 22
caC12 o

TjUSLE VI. EFFECT OF TNHIBTTOR ON THE
         ENZYME ACTIVITY

    The enzyme vas pteincubated wÅ}th each tn-
htbttor for 1 hr,at 20'C, and then the remain-
ins acttvtty was measured under the standard
assay condittong.

rnhtbitor ConcentratSon
   (mM)

Inhtbition
  (x)

KCN
EDTA

Oxalate
CÅ}trate
e-PhenanthrolÅ}ne
a,a'-DtpyrSdyl
P-CMB
lodoaeetate

DFP

1

l

10
10
10

1

1

 1
1

10
1

63
 o
 o
24

 o
S9
93

100
 o
100
 o

VI. The enzyrne activity was completely
tnhibited by sulfhydryl reagents, such as
p--CM] and iodoacetate at eoneentrations of
1 mr"l and 10 mbtl, respectively. The activi-
ty was slightly inhibited by chelating
reagents such as e-phenanthroltne and
a,a'-dipyridyl, but was not inhibited by
EDTA even at higher concentration (10 "iM).

DISCUSSION

   These studies have shown the presenee
of an NAD-linked forrnaldehyde dehydrogen•-
ating enzyme tn KZoeckera sp. No. 2201,
which utilÅ}zed methanol as a sole source
of carbon. The enzyme was purtfied about
107-fold from the cell-extraet of the
yeast. ExperÅ}ments with. purtfted enzyme
showed that the enzyme requÅ}red NAD and

(59)

GSH for aetivity. NAD was unable to be
replaeed by NADP. The GSH requtrement Of
the enzyme could not be satisfied by other
thiol-eompounds. It may be thought that
GSH participates direetly tn the dehydro'-
genatton rather than aetion non-specifical-
ly to protect protein thiel--groups. The
enzyme was reactive only towards for"tn-
aldehyde and methylglyoxal among the alde'
hydes tested.
   Most of the NAD- er NADP-linked alde-
hyde dehydrogenases thathavebeen de$crtb-
ed cannot catalyze the dehydrogenation of
formaldehyde (161), except for NAD- or
NADP-dependent aldehyde dehydrogenase
(aldehyde:NAD (P) oxidoreductase, EC
1+2.1.S) obtained from Pseudornonas fZuo-
rescens by Jakeby (162). On the other hand,
Strittmatter and Ball (l63) have identifi-
ed a formaldehyde-speetfie, NAD-linked
and GSH--dependent dehydrogenase (formalde-
hyde:NAD oxidereductase EC 1.2.1.1) in
beef liver. GSH was speciftcally requÅ}red
for the enzyTne reaction. The role of GSH
in the' system has been postulated as fol-
lows: Formaldehyde non-enzyTnatical!y reactS
with GSH to for-m S-hydroxyTnethylglutathione
whteh is subsequently attaeked by the en-
zyme (163). A similar type of feunaldehyde
dehydrogenating enzyme has been purtfted
frorn baker's yeast (164), and frorn human
and rat livers (16S). Several enzymes
which catalyze the oxSdation of forTnalde-
hyde have been studied in the methanol-
utilizing bacteria. Harrington and Kallio
(128) have shown the presence of an NAD-
linked, GSH-dependent formaidehyde dehy-
drogenattng enzyme in the crude-extraet
of methanol-grown Pseudomonas ntethanica.
Johnson and Quayle (129) demonstrated an
aldehyde dehydrogenating enzyute of broader
specificity in Pseudomonas AMI. This en-
zyme was different frem other aldehyde
dehydrogenases in its requirement of 2,6-
dichlorephenol•-indophenol or phenazine
methesulfate for a primary electron
aeceptor.
   From the facts of the GSH requtrement
and the narrow substrate speciftcity for
the dehydrogenation, the enzyme from
KZoeekera sp, No. 2201 was concluded to
be a kind of formaldehyde dehydrogenase
(formaldehyde:NAD oxidoreductase, EC
1.2.1.1). Several differenees were noted
between the NAD-linked and GSH-dependent
formaldehyde dehydrogenase from XZoeekepa
sp, No. 2201 and baker's yetist reported
by Rose and Racker (164)• Glyoxal and
methylglyoxal have been reported to be
good substrates for the latter, but the
enzyne from KZoeekera sp. No. 2201 was
unreacttve towards glyoxal, The Klrn of rc"Lr)



fer the enzyme of Kloeckera sp. was e.02S
mM, whtle the ton for that of baker's
yeast was reported to be O.68 mM. The
dehydrogenase from Ktoeckerta sp• No•
2201 has a pH optimum at 8.0, whereas
tt has been reported that the pH optimum
ef the enzyme from baker's yeast was
broader, pH 6.0 to 8.S (164). The Km of
formaidehyde for the enzyme KZoeekera sp.
                               the en+-Ne. 2201 ts higher than that for
zymes from r"armalian 1Å}vers (163, 164).
  The enzyme of KZeeekercz sp. No. 2201
was very unstable even in the presence of
DTT. About 30Z of the actÅ}vity disappear-
ed et 30"C withÅ}n ZO ntn. This finding
may be compat'tble with the fact that the
optimum tenrperature for growth of the or-
ganism was 20eto 2SOC (Chapter IV, section

2).
   In the present investigatlon, the tnduc-
tble formation of formaldehyde dehydrogenp
ase of KZoeckera sp. No. 2201 in response
to taethanol and/er certain metabolÅ}tes
was observed. Namely, the specific act--
ivtty of the enzyne Sn methanol-grown
cells was about 10 times that in glucose-
grown cells. It ts suggested that the
enzyme may play a significant role in the
methanol metabelism of KZoeckera sp• No•
2201. In thts yeast, methanol was oxi-
dtzed by alcohol oxidase as reported by
Tani et aZ. (152, IS3) ancl the for'malde-
hyde produced was further oxidtzed by
NAD- and GSH-dependent formaldehyde de-
hydrogenase. The iatter step may be
covpled with an energy production system.

SnmRY

    An NAD-linked formaldehyde dehydrogenating enzyme was found in the cell
extract of KZoeckera sp, No. 220Z, which utilized methanol as a sole souree
of carbon. The eltzyTne was tnducib!y formed tn methanol-grown eells. This
fact suggests that the enzyme may play a significant role tn the methanol
metabolism of this yeast. The enzyme was purifÅ}ed from a cell extract by
aumonium sulfate fraetienation, colum chrematographies on DEAE--eellulose
and on hydrcxylapattte, and Sephadex G-200 gel filtration. From an experi-
ment vith the purÅ}fÅ}ed enzyme, it was found that the enzyme specÅ}fieally
required reduced glutathione for activity, and was reactive toward methyl-
glyoxal as well aB formaldehyde. rhe enzyme catalyzed the follcFwi"g reaction:.
          Pormaldehyde + NAD + H20 - forrnic acid + NADH + H+
The enzyme was eoneluded to be a kind of formldehyde dehydrogenase (forrn-
aldehydetNAD oxidoreductase, EC 1.2.1.1). Other properties of the enzyrne
were also investÅ}gated.
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PURrF1CATION

DEHYDROGENASE

   SECTTON 2

AND PROPERTIES OF

:N KLOE7CKERA SP.

FORMATE
No. 2201j)

INTRODUCTION

   It has been reported that in methanol
utilizing-microorganisms, the last step of
methanol oxidation was catalyzed by the
NAD-linked formate dehydrogenase (127, 129,
141). In the earlier paper, Quayle showed
the presenee of the enzyme in a formate
utiltzer, Pseudomonas exaZaticus (167).
However, most of the reports en the enzyTne
are eoneerned prÅ}marily with the detection
of enzymatic acttvities or wtth the
general properties of parttally purified
enzymes. Especially, the detatls of the
preperties of the enzyrne frorn the methanol
utilizing yea$t have been 1inited.
   In this seetion, the purifieation and
chaTacterization of formate dehydregenase
from KZoecker'a sp. No. 2201 are deseribed.

MATER!ALS AND METHODS

Or,ganism. A methanol-utilizing yeast,
KZoeckera sp. No. 2201, was used througheut
this studv.

Mater.iaZs. DEAE-cellulose was a gift from
Green Cross Co. Osaka. Sedtum i"C-foinTtate
ef which specific radioactivtty was 40.B
mCtlvm)ole was purchased frem Datichi Pure
Chemicals Co. Ltd., Tokyo. The Vltrathimble
which was used for concentration of enzyme
solution was a preduct of Carl SchleÅ}cher
und Schull, Dassel. All other chemtcals
were obtained from commereial sources and
were used without further purifieation.

CuZtivation. The medium consisted of 2 g
methanol, O.4 g )lll"Cl, O.1 g K2HP04, O.1 g
KH2PO", O.OS g MgS04'7H20 and O.2 g yeast

extract in 100 ml tap water, pH 6.0. The
cultivation was carried out as prevlously
descrtbed (Sectton 1).

Pi.eparation ev eeZZ-extract. The eells
in the cultured broth were harvested by
continuous flow centrifugation and were
twice washed with O.Ol M potassium phosphate
buffer, pH 7.5. The washed ceils were sus-
pended in an appropriate volume of the above
buffer and treated with a 19 kHz Kaijo Denki
ultrasonic oscillator for 2 hr. The eells
and debris were removed by centrifugatton
at l2000 xg for 15 rnln. The resultant
supernatant was dialyzed against O.Ol M
potassÅ}um phosphate bufEer, pH 7.5. The
above procedures were earrted out below
sOc.

ILfeastcr'ement of fornrctte dehycit,egenase
activity. The cemplete reaetion system
in a 3,5 ml silica cell (1 cm light path)
conststed of 100 umoles of sodtum fonnate,
3.0 vmoles of NAD, 200 prnoles of potassium
phosphate buffer (pH 7.S), enzyme, and
water to a total velurne of 3.0 rnl. The
blank cell !acked sodiurn forrnate. The re-
action was started by the addition of for-
mate, and the increase in the extinction
at 340 mu was followed in a Hitacht double
beam spectrophotometer Type 124. Speetfic
activity ef the enzyme was expressed as
unit per mg protein, where one unit was
defined as the increase in optÅ}cal denstty
at 340 mv during the initiel 1 min lncuba-
 .tlon.
Pr'otein detenrn nation. Protein was de-
termined by measurement of the absorbancy
at 280 mv or by the methods according to
Lowry et at. (63)•
Determination of radioaetive carbon dioxtde
produced dur.ing the enzyme reaetion.
The reaetion was carried eut in a Warburg
flask with double arms. The main compart-
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ment contained 200 vmoles of phosphate
buffer, pH 7.S, 1.5 umoies of NAD, 12•4
umeles sodium i"c-forTnate (80 nCÅ}) and
Vater to gÅ}ve a 2.0 ml. The side-arm 1
contained O.2 ml of the enzyrne solution
and the stde-arm 2 contaÅ}ned O.2 ml of
2 N phosphorsc actd. A ftlter paper wick
laden with O.2 ml of 40Z NaOH was placed
tn eenter well in order to trap the C02
ltberated. The reaction was initieted by
ttppSng Å}n the enzyme solution from the
Side-arm 1, and performed at 300C for 30
mtn. The reaetton was terminated by
additton of 2 N phosphoric acid from the
stde arm 2' ; and them shaking was continued
for 10 mtn. The radÅ}oactivity of filter-
paper wlck and of reaetton mtxture tn main
eempartment were determined by a Beckman
ltquid sctntillatton counter. The redio-
activity of the reactton mixture was estab-
lished as radioaetivity of formate.

RESULTS

Formation of forvnate dehyclr,ogenase
   The effect ef carbon source of medium
on the for"rnate dehydTegenase actÅ}vity was
investtgated, The eell extract was pre-
pared from the cells whieh were grown en
a rnedium contatning 2Z methanol or 2Z
glucose as eerbon source. The specifÅ}e

   rABLE T. POEHATE DEHYDmoGENASE ACTrVITY
     rN METHANOL- OR GLVCOSE-CROWN CELLS

    Cul:tvations were carrted eut at 28'C vtth
shektng. The eniyNe actÅ}vity was meesured under
the standard tseay eo"dttions.

Cell
      'Spectftc acttvity
    nfter
24 hr 4S hr

Methanel-s:evn

Giuceee--grcrvn

o,soo

O,OOI

O.250

O.O03

actSvity in each cell extract was deterTntn-
ed. As shewn tn Table I, the specifie
acttvity ef the enzyme Sn the cell extract
from methanol-grewn cells waB extremely
higher than that from glucose-grown eeZls.

Purification ef the enayme
   The enzyme activity was extremely lost
by a treatment with artmonium su:fate.
Therefore, the enzyme solutton was eon-
centrated with a ftltration usÅ}ng e Vltra--
thiJnble. All operations were carried out
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at OO to 50c (exeept where $pectfied)•

   Step 1. Preparution of the ceZZ extract•
A cell paste was obtained from 10 liters
of broth cultured en methanol medlum, and
the cell extract (120 ml) s-;as prepared ag
deseribed tn Matertals and Methods.

                            The cell ext-..cfte.P..2kegeta.g ::9raliZtle:;" in a water bath

at SSOC. The extraet was cooled in ice and
eentrifuged to remove denatured protein.
The clean supernatant was dialyzed for 18
hr against O.Ol M potassium phosphate
buffer.
   Step.3. DEAE-ceZZuZo6e ceZumn ehrorate-
graphy. The dialyzed enzyme solution
(130 ml) was applied to a DEAE-ceilulose
eolum (3 x 40 em) which had been equtlÅ}b-
rated with O.Ol M potassium phsphate buffer
(pH 7.S). An e!ution was carried out with
stepwise increase in the eoncentratÅ}on of
potassium phoqphatebuffer (pH 7.S) as fol-
!ows; O.Ol, O.05 and O.l M. The enzyme
activity appeared tn the eluate with the
O.OS M buffer. The aetive fraetions were
combined to give 3SO mZ, whtch was dÅ}a!yz-
ed for 18 hr against a 20 liter volume of
O.Ol M potasstum phosphate buffer.

   Step 4. Hyclr,oxyZapatite eeZwTm chre-
matogrcrphy. The dÅ}alyzed enzyme solution
was placed on a coiumn of hydroxylapatite

 (3 x IS cm) whieh had been equilÅ}b:ated
with O,Ol M petassium phosphate buffer,
pH 7.5, The suceessive eluttons were car-

 rted out with O.Ol, O.02, O.OS and O.1M
 potassium phosphate buffer. The aetive
 fractions were found in the eluate with
 the O.1 M buffer. The s.olutton eollected

  o

•
20

g
  o

?ts-

                                   ,

                                   5
                                   R

                                   n                                   ig

  O 10 20 30 4D 50 60
   Fraction nvmber (4 ml!tube)
 1, Gel ?tltratÅ}on of the EuyDtt on Sephadex
C-200.

 The Sephedex G-200 v" packtd into a colum
(2 x 1oo em) snd equtlibrated vSth O.Ol M
pota"tuth phesphate buffer, pH 7.S. The
entym sel"tten wee placed on the colum and
:hen the bufter vas alloved te flov at e
rate ef 10 al per hr and 4 pl fracttene were
collected.



TAIILE rl, SUMHARY OF VHE PURIFICATION OP
    DEHYDReGENATING ENZYME

THE FORMA,TE

Treetr[)ent
Total
Protetn
 Åqmg)

 Totai
actSvtty
 (untt)

SpecÅ}fic
acttvtty
{untt/mS}

Purtficatten

Crude extract
Heet treetment
DEAE-cellulese
Hydroxylapatlte
Sephadex C-200

6240
 975
 10S
 SI
 40

160
130
 52
 44
 3S.6

O.02S
O.133
o.so
O.S7
O.S9

1

 5.3
20
34.8
3S.S

 (170 ml) was concentra:ed by filtration
using a Ultra-thimble.

   Step 5. Sephadex C-200 geZ fiZtration.
The enzyTne solution obtained in the pre-
cedtng step was subjeeted to Sephadex
G-200 gel filtration. Ftgure 1 shows a
typical elution pattern of the enzyme.
These active fractions were combined to
give 3S rn1, and then concentrated.

   A suunnary of the purification of the
enzy"rne is presented in Table II.

Homoge nei ty
   As shown in Fig. 2 the analysis of the
purified enzyine preparation by ultracentri-
fugation showed a exactly single and sytn-
metric Schlielen peak. Furthermore, an
electrophoretic analysis was carried out
using a cellulose aeetate rnembrane under
the conditiens as described in the pre-
ceding section. The enzyme preparation
gave a stngle band on the membrane.

Properties o;f the purified engyme
   1) Absorption spectrm. The enzyme,
in O,Ol M potassium phosphate buffer
(pH 7.5), exhibtted only one absorptton
maxtmum, near 280 mp, over the range from
200 to 700 mu.

   2) Stoichiornetr!l ef the for,mate de-
3g.g,ogf,"a.szi.,,Zh,e,g".:lll,p: ::3 ,illb'u?,:ted

   TABLE 11r. STOICHIOMETRY OF THE
           DEHYDROGENASE REACTrON

    The reeetiens were carrted eut
ly. The detatls of the reactien vas
Materials and Methods.

FORMATE

manemetrical-
descrtbed tn

       Ferr[ate
tnittal finel censumed

  C02
libereted

RadÅ}o-
actSvtty
Cc-p,m)

 umole

4321 2820 ISOI

4.3-

1320

3.9t.

 tmpcula:ed from radioaettvÅ}ty
MObtatned frem the reeding of

 eonsumed.
the Tnanometer.

Warburg flask, and the consumed fermate
and earbon dioxide were determined as
described in Materials and Methods. The
results are presented in Table ZrZ, They
show that the decrease of radioaetivÅ}ty
of formate was nearly equivalent to the
radioactivity of produced carbon dioxide.
Thus, the reaetion may be described by the
following equation.
    HCOOH + NAD - C02 + NADH + H+
   The reverse reaetion, namely reductton
of $odium bicarbonate by NAD, were unabie
to be detected speetrophotometrtcelly.ThÅ}s
demonstrated that the equiltbrium of the
reaction strongly favors the dehydrogen-

          (A) , (B) (C)
        Fig. 2. Vltraeerttrtfugatton ALnalysis of

    Photographs of SehlÅ}elen patterns were teken
(D} mtn efter reaehtns S9780 rpm, Protetn, O.5 Z
buffer, pH 7.S.

           (D)

the Purtfted Enzyute.

at IB ÅqA), 26 (B), SO (C) end 66
tn O.Ol M potasstun phesphate
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O.Ol O.02 O.03 O.04 O.05
       1ls (1/ntM)

                20 30
              1/s (1/mh)
                             ' 3• Etfect ef Formate (a) and NAD (b) Con-
centratSon on the Reactton Rate.

 The en:yme activity wes measured under the
stendard essay condÅ}ttons except for subst-
rate ceneentratien. Veleeity (v) vas expres--

sed as tSE3kolmin. ; '

atiop of formate,

   3) Substrate epecrificity. As far as
teBted, the enzyme was specific for formate.
Ne aetÅ}vity was detected with aeetate, pro-
pionate, pyruvate, malate, forrnadehyde,
glyoxal or methylglyoxal under the eon-

ditions of assay. NADP was inactive as an
electron aceeptor for the reaetion. The
dehydrogenase activities with vaTious cen-
centrations of ferTmate and NAD were in-
vestigated. The plots ef Ltneweaver and
Burk were showed in Fig• 3• The Mieheelis
eonstants (Km) for forrnate and NAD were
calculated to be 22 rnM and O.1 rriM, re-
specttvely.
   4) Effeet of temperature on the
en2yme activiby.. Figure 4-a shows the
variation of the enzyme activity with
temperature, The maximum aetivity was
observed at 500C. Figure 4--b shows the
effect of temperature on the stability
ef the enzyrne. The rnost of activity was
remained at 50"C and the 60Z activity was
lost at 580C under the standard assay
conditiens.
   5) Effeet ef pH on the enzyme activtty.
The varÅ}ation of enzyme activity with pH
are shown Å}n Fig. S-a. The optimum pH
of the enzyine was found to be 8.0. The
enzyme was stable at neutral pH renge
under the standard assay conditions (FÅ}g.
S-b),

   6) Effect of var,ious reagents on the
enayme activity. The enzyrne was pre-
incubated with indÅ}vidual reagents at a
1 rrthf coneentration (except where spe-
cifÅ}ed) at 300C for 30 mÅ}n, and then the
remaining activtty was deterrr[Lned under
the standard assay eonditions. The enzyrne
activity was completely inhibited with
potassturn eyanide, p--CMB, or sodium azide

                                     ge
                                     vlOO..6

'-
                                     ir-

                                     .e-

ti

 "ts. 4. Effect of Temperatvre on Acttvity (a) attd Stabiltty (b) of the Enxyme.

    (a): The enzyme aettvtty was reasured ander the standard assay conditions
at various temperatures.
    Cb): The en:yme, Sn O.Ol M potessium phosphate buffer (pH 7•S), was pre--
tncubated fer 10 mtn st eech tettrperature as tndtceted. The rEmeintng aettvtty
ves measured under the stsndard aseay cendStiens.
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     pH                                             pH
S. Effect ef pH on Acttvtty (a) and Stabtltty (b) of the en:yme•

The enzyme acttvÅ}ty was measured under rhe standard assay condtttonS
fo!levtng buffer: petasgtum phosphate - citric acÅ}d buffer (b),
phesphate buffer (A), bortc actd - NaOH bvffer (e) at varteus pH

The enzyme, in each buffer described .in (a), vas preincubated a: 30`C
 The    rertainSng acttvtty vas measured under the standard assay cen-

E8,u,"A,s."e rgs,?ig: lgs.c t, ixgieg,"tl;2 C.:Z'•

spective percentage figure. There was
no effeet on the enzyme activity with
EDTA, o-phenanthroline, 8-hydroxyquinoline,
or a,a'-dtpyridyl. There was also no
g:S$ft,glEh,l#t•.gd,;'6,ZII,2i".CO;ga g:i',.•.

was not activated by ATP, AMP or redueed
glutathtene in 1 mM concentratÅ}on.

DISCUSSTON

   The two dÅ}fferent forTnate dehydrogenases
have so far been descrtbed. One of these,
cytochrome bl-linked dehydrogenase, has
been found in several bacteria (l68-171)
and shown that the reaction proceed an-
aerobically. The other one, NAD--linked
dehydrogenase, has been found in higher
plants (172, 173), animals (174, l7S) or
mtcroorganisms (IZ7, 129, 141, 167). In
the methanol-utiltzing organtsrns report-
ed,`the oxidation of formate was catalyzed
by the latter dehydrogenase (127, 129, 141).
Ie is thought that the last step of the
succesive m?thanol oxidattons of KZeeckera
sp. No. 220i was also cataiyzed by the NAI)-
linked dehydrogenase, sÅ}nce the en2yme was
inducibly formed tn response to methanol.
   Few lnfonnation on purtftcation of the
NAD-linked forTuate dehydrogenase from
microorgantsm has so far been obtained,

 although the enzynes from plants (l72,
 173) or animals (17S) have been highly
 purified. In present investigation, the
 purifieation ef formate dehydregenase from
KZoeekera sp. No. 2201 was demonstrated.
The enzyTne was purified abeut 3S fold from

 the eell extract, and the purified enzyme
was shown te be homogeneous by analyses
with electrophoresis and ultracentrifuga-

 tlon.
   Experiments with purified enzyme showed
 that the enzyme was spectfie for formate
and NAD as substrate and hydrogen aceeptor,
respeettvely. Mathews and Vennesland (174)
showed that NAD-linked fermate dehydrogenase
from rat k!dney and liver were stimulated
by ATP and A)[P. Strittmatter and Ball (175)
reported that the enzyrne from ltver of
chicken and bovÅ}ne required reduced glu-
tathione as well as NAD. On the enzyme
from iCZoeckera sp. No. 2201, these stimu-
lations or requirements were net observed.
It is shown that the anitual and plant enr
zyine were cornpletely inactivated by 8-
hydroxyquinoiine (172 `' 17S). While, the
KZoeekeva enzyme was mueh less sensittve
to tnhibition by any ehelating reagents
tested, sueh as 8-hydroxyqutnoline (5 mM),
EDTA or a,a'-dipyridyl (1 tnM). The be-
havtor of the enzyme egatnst tnhÅ}bttors
were similar to that of Pseudomonas AMI
(129), or Ps. ouaZati(n4s (167). The enzyme
is thought to be a sulfhydryl enzyme because
of eomplete tnaetivatton wtth 1 TtiM p-CMB.
   In thts yeast, methanol is oxÅ}dtzed by
alcohol oxÅ}dese (152, 153) and the prodtfeed
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for naldehyde is further oxtdtzed by form--
aldehyde dehydrogenase whÅ}ch has been de--
scrtbed tn the preceding section. As for
the last step of the oxtdation, the result-
ant formate is exidized to carbon dioxide
by the NAD-linked fermate dehydrogenase•
   The JCitr value of formate for the enzyme
was feund to be 22 rtiM, This value was
eonsÅ}derably higher than the value for
formate dehydrogenase from Ps, exaZatietts
(167) and the value of methanol for alcoh-
ol oxidase or formaldehyde for its dehydro-
genase from KZoeeker,a sp. No, 2201, lf a

carbon atom of methamol Å}s incorporated
Via formaldehyde or formte by the organism,
the formate dehydrogenatton mtght be a
disadvantageous teaction in the carbon
baiance. On the other hand, this re--
action play an impertant Tole in emergy
reproductton system. Therefore, the tm-
plication of thÅ}s high Kin value for the
metabollsm of methanol by the yeast could
not be explicable until the pathway of
tncorporatSon of methanol carbon into
cell constituents are diselosed.

SumRY

     An NAD-linked formate dehydrogenating enzyme whieh eatalyzed the last
step of methanol oxtdation system was extracted frotu the methanol grown
KZoeekeva sp. No. 2201. The specific activity of the enzyme tn the extract
of methanol-grown cells was found to be eo"stderablyhigher than that ef the
glueose-grown cells. The enzyme was purifted about 3S-fold frem the extract
of nethanel grown cells by heat treatment, colurrtn chromategraphies on DEAE-
ceilulose and on hydroxylapattte, and Sephadex G-200 gel fÅ}ltratÅ}on. rhe
purified enzyne wes shown to be horrK)geneous by analyses with electrophoresis
and    ultracentrtfugation. The purÅ}fied enzyine was a ktnd ef NAD:formate
oxtdoTeductese (EC, 1.2.1,2) which catalyzed speetftcally the oxidation of
formate to carbon dtoxide. The Knt values were 22 it( for fonnate, and O.1 utM
fer NAD. The enzyrne was inactivated by potassium cyantde, sodium aztde, and
p-CMB but not by any metal-ehelating reagents tested. Other generel proper-
ties     of the enzym were also investtgated.
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ENZYME SYSTEM
sEcTroN 3
FOR lbEETHANOL
               k)
IN YEASTS

OX!DATION

INTRODUCTION

   The enzyme responsible for each step
of methanol oxidation has so far been well
knewn in methane- and methanel-uttltzing
baeteria. Espeeiaily, a number of studies
have been made on the first step of methanol
oxidatten. In those cases, three types of
enzymes, namely NAD-1Å}nked methanol de-
hydrogenase (127), catalase-ltnked peroxy-
dEse (128) and primary alcohol dehydroganse
containing a pteridine eofactor (129, 133,
156, l76, 177), have been descrtbed in
different bacteria. In a methanol-utUiz-
ing yeast, KZoeekeria sp. Ne. 2201, the
three enzymes, aleohol oxidase (152, 153),
fermaldehyde dehydrogenase and formate de-
hydrogenase were deteeted in high aetivtt-
ies in the cell extract. The same eviden-
ees were also shown in Candido, Saeehar,omy-
ces and ToruZopsis by Fujii and Tonomura
(141),
   The present studies deals with the en-
zyme system which catalyzes the oxtdation
of methanol in several strains of methanol-
utilizing yeasts,

to be able te assimilate tuethanol by
Hazeu et aZ. (!43).

Medium and cuZtivation. A cultural tnedium
of the organisms eontained carbon source
      T1.0 g, NH"Cl O.4 g, K2HP04 O.1 g, KH2P04
O•1 g, MgSO"'7H20 O.OS g and yeast extract
O.05 g in 100 ml of tap water, pH 7.0•
The cultivatton was carried out at 28"C
on a reciprocal shaker at 130 rptn. In the
ease ef To"uZepsis pinus rFO 0741, the
eultivation was perfottned at 200C, since
the organism was anable to grow above
25"C under the conditions employed.

Enzyme Assay. The dialyzate of cell ex-
tract was prepared as deseribed Å}n the
preceding secttons. The method of analy-
sis of alcohol oxidase was carrted out
according to Tani et aZ. (IS2, 153), and
formaldehyde dehydrogenase and formate de-
hydrogenase were essenttally the same as
that used previously, The deterninatSons
of aleohe'1 dehydregenase and catalase were
performed according to Raeker (178) and
Chanee and Maehly (179), respectively.
Protein was estimated by the rnethod of
Lewry et aZ. (63).

MATERIALS AND lv[ETHODS

Organisnys. Seven types of yeasts were
used. Arnong the yeast, Candida metha-
noZiea and TornxZopsis methaneZoveseen6
were isolated frem rotten pZants by Oki
et aZ, (142), and four strains of y`easts,
Tor'uZopsis pinus !FO 0741 (CBS 970),
Hcrn6enuZa capsuZata ZFO 0974. Pichia
 'pznus rFO 1342 (CBS 744) and Pichia tre-
haZophile TFO 1282 (CBS 5361) were found

RESULTS A: D DISCUSSrON

Oticiation or" ,nethanoZ to forvaZclehycle
   Table I lists the activtties of alee--
hol oxidase tn the tdentically prepared
cell extracts of seven strains of yeast,
grown individually on methanol, ethanol,
glycerol, or glucose. It was evident tn
all yeasts tested that the activtttes of
hydrogen peroxide formatton from methanol
in methanol-grown cells were higher than
in cells grown in the other substrates.
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TABLE I. SPECIrlC ACTIVIrY OF ALCOHOL

    Alcehol exidase was determtned by
Rueliue (180) (A), and fermaldehyde tn
(IS3) (B). The epectfÅ}c acttvity vas
pretein.

OXIDASE INCELL EXTILACT

 measuring the preduced H202
 the reactant vas esttmated
defined as utnoles of H202 er

OF YEASTS

 accerdtng to Janseen and
as deeertbed prevtously
 formaldehydelmtnlmg

    Speciftc
tn extraet ef

acttvÅ}ty
eelJs grovn on

Stratn methanol
A B

ethanol
  A

glycerel
   A

glucose
  A

Xtoecker-a sp.
Candida methanoZica
Torutopsis pinus
Tarutopeis methaneteveecens
HaneenuZa capBuZata
Echia pinue
Piehia tr,ehaZophiZe

O.13
O.40
O.16
e.os
O.07
O.24
O.48

o
o
o
o
o
o
o

.

,

,

.

.

.

.

12
37
la
08
06
21
43

'

  -
O.oo3

 -
o.os

o,oos

.

O.O02

 -
-

O.O02

-: Nondetectable.

The value of hydrogen peroxide formed in
eaeh ease was nearly tdentical with that
of formaldehyde. Thus, the exidation of
rnethanol may be thought to be eatalyzed by
alcohol oxidase. When this enzyme re-
aetton proceeds tn the livÅ}ng cells, The
catalase activtty of each extract of
cells grovn on the four carbon sourees were
measured (Teble Il). Those speciftc aet-
ivities, Å}n all strains, were greatly in-
creased in the methanol-grown cells, com--
pared with the other cells• This may sup--
port the suggestion that the aicohol oxi-
dase actuaily catalyzes the first step of
methanol oxidation during the growth on
methanol of the seven types of yeasts.
   The aettvities of NAD-linked alcohol
dehydrogenase were ab!e to be detected in
all of the cell extracts. However, in-
ductble forrnation of the enzyme in methanol-
grown eelis was not observed (Tabie III)•
   No activity of phenazine methe6ulfate--
linked alcohoZ dehydrogenase guch as that
which was reported by Anthony and Zatman

TiVIIÅí III. SPECIFIC ACTIVITY
DEHYDROGENASE IN CELL E)CErRACT

OF
 OF

ALCOHOL
 YEASTS

    NAD-ltnked alcohol dehydrogenese
mined accordtng to Racker (17S), The
activ:ty ves defined as M3golutn/mg

 vas deter•-
 sPecific
proteÅ}n.

/

Stretn

Speeif!c acttvity
  tn extraet of

-11revnen
methanol glucose

1

'

MZoeekera sp•
Candicla methanelica
ToruZepsis ptnus
Torulopsie ,nethcmoZovescens
Hansenula capsuZata
Piehia pinue
Pichia tr'ehalophile

(]aket's yeast)

O.100
O,O02
o.eo2
O.3SO
O,064
O.O08
O.oo2

O.087
O.O05
O.O13
O.O03
O.042
O.020
O.O04

(3.11)

(133, IS6,
extracts.

O ridation
   ln all

176)

 'ol
the

was found in

fonnaZdehycie to
 yeasts, except

any cell

forvnate
Piehia pinus ,

TAeLE rr, SPECIPIC AerrVITY OE CATAI.ASErN CELL EXTRACTOF YEASTS

    Catalase ecttvity ves spectrophotometrteally deteTmtned aecordtng
(179), rhe spectfic ectivtty wss defined as aE2"olmtnlng protetn.

to Chenee and MaehZy

Stratn

             Specific aetSvity
'iEEtifiirsr!!!'!!::i:ksll!"-S9ieSyii\g?-E!!!'i:[EE6EFhanoi ethaneif i:iyce%ie siucoee

Ktoeekera sp.
Canclicia ,nethanoZica
Tarutopete pinus
TeruZopgis rngthanoZeveeeee
eanetetula aapeulata
ntchta pt,u`s
Pichia tnehatophiZB

i2,9
10.7
 6.24
 9,42
 5.6S
 6.S8
 3.22

O.46
O.41
O.27
O.31
O.16
O.50
O.21

5.3e
S.37
1.32
3,42
O.27
1.2r
O,10

O.64
O,20
O.18
O.IS
O.09
e,3s
O.20

:

I

l
i
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TABLE IV. SPECIFIC ACTIV;TY OF FORMALDEHYDE
 DEHYDROgE)IASE IN CE:L E)CIrRACT OF YEASTS

    The 6pectflc actÅ}vity vas deftned as AE'34o
/mS"/tug proteÅ}n.

TABLE V. SPECIFIC ACTIVITY OF FORHATE
 DEHYDROGENASE TtsT EXrRACT OF YEASTS

    The spectftc activSty vHs dcfined
/mtn/mg protein.

as aE3"o

    SpecifÅ}c actÅ}vtty
in extract of cells grovti on

.s:ILEsggsicose

+GSH -GSH

Stratn
     SpectfÅ}c actSvtty
tn eKtrect of cells grov" en

meEhamol met ane g vcose
Strain -H[SH -GSH

Ktoeckera sp•
Candida n,ethcpto"ea
TontZopsis Finus
ToruZopeia
 niethanoloveecens
HansenuZa capsuZata
Pichia ptnus
Ptchta tr,ehalophiZe

O.18
O.11
O.03
O.S2

-

1.iS O.02
o.e3 -
O.31 -

O.17

o.!r
O.03
e.17

KZoeckera sp.
eandicta methane"ca
1'oruZopsis FinuS
TotntZopeis
 nethanoZovescens
Haneenula aapsutata
Nchia pinua
Eehia trehaZophiZe

O.ISO
O,O06
O,O13
o.soo

O.490
O.OIO
O.O06

o.
o.
o.
o.

o.
o.
o.

OO1
OO1
OO3
OOI

OOI
OO2
OO3

-: Nendetectable.

NAD-linked and GSH-dependent forrnaldehyde
dehydrogenase had higher specific activi-
ties in methanol-grown cells than in
glucose-grown cells (Table III). The GSH-
tndependent dehydrogenase wa$ found only
in the extract of methanol-grown HansenuZa
capsuZata, but its activtty was considerab-
ly lower than the activity of GSH-dependent
dehydrogenase.

Oridation o,F frormate te caur,bon diendde.
   Great increases in the actÅ}vity of
formate dehydrogenase were apparent in the
extracts of methanoi-grown KZoeckera sp.

No. 2201, Tor.uZopsis methanetevescens, and
HansenuZa eapsuZata. In other eases, the
activities in methanol-grown cells were
also found te be higher than those in
glucose-grown cells (Tabie TV)
    ,
   These results suggested that, in yeasts,
methanol was suecessibely oxidized to
carbon dioxide by alcehoZ oxidase, form-
aldehyde dehydrogenase, and formate de-
hydrogenase. On the basis of the informa-
tien so far ebtained, a serious difference

.in methanol-oxidation system between bae-
teria and yeasts is noted in the first
step of the oxidation.

SU'b•ft-IARY

     The enzyrne system which eatalyzes the oxidation of methanol tn seven
types ef methanol-utilizing yeast, KZoeckera sp. No. 2201, Candicla metha-
noZica, ToruZopsis methanoZoveseens, TeruZepsis pinus, HansenuZa eapeuZata,
Pichta pinu6 and Pichia trehalophtZe, was investigated• Using the eell
extracts of these yeasts, grown on methenel and other carbon source, tn-
cluding ethanol, glyeerol or glueose, the activtties of alcohol oxtdase,
eatalase, alcohol dehydrogenase, formaldehyde dehydrogenase and formate
dehydrogenase were assayed. It was evident in all yeasts tested that the
activities of alcohol oxtdase and catalase in methanol--grown cells were
higher than in cells grown on the other substrates. The NAD-linked aZcohol
dehydrogenase were not tnducibly formed in methanol-grown cells. No activity
og phenaztne methosulfate-linked alcohol dehydrogenase was feund in any cell
extract. !n the most of the yeasts tested, NAD-linked and GSH-dependent ferm-
aldehyde dehydrogenase, and formate dehydrogenase were found to be inducÅ}bly
formed !n methanol-grown cells. Thus, tt may be thought that in yeasts,
methanel was successÅ}bely oxÅ}d!zed to carbon dioxide by alcohol oxidase, form-
eldehyde dehydrogemase and formate dehydrogenase.
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coNcLusroN

    Frcmt the standpotnt of the utilization of microbial activity at lew
temperatures for microbial productions, following problerns have been investi-
gated; a) accumulations of amino acids and organic acids by psychrophtltc
                                               proteases from a martne-bacterta, b) formations and characteri2ations of
psyehrophtltc bacterium, c) an ultilizatÅ}on of n-paraffin at low temperatures
by a marine yeast, d) utiltzatiqns of low boiling substance, including methanol,
by yeasts.
    A psychrophilic bacteriurn, Brevibacteriwn sp. P145 required methionine
for the growth above 20eC. The requirement at the moderate temperatures
is explaSned on the basis of an thermolability of the methÅ}onine-biosynthesis
system. The organisrn was fovnd te accumulate the nearly equivalent                                                                  amount
of both L-glutamic acid and L-+elanine at the optimum temperature for grewth,
ISOC. rn the cultivation at SeC, however, L-glutamic acid was predomÅ}nantly
accumulated, wherease, at 280C, the main product was L-alanine. The alteration
of products by temperature is partly attributable to the abnermal cold sensi-
tivity of L-alanine dehydrogenase which catalyzes the last step of the syn-
thests of this amino acid. Further, ir was demonstrated that the deftciency
in thianine, which was required as a growth promoting factor at 28"C, eaused the
aecumulation of L-alanine at this temperature.
     The psychrophilic Pseudomenas B-71 which was isolated from a water of
Lake Biwa accurnulated suecinic acid at the suboptimurn temperatures, below
280C. On the other hand, 2-ketogluaonic aeid was accumulated bÅr the cultiva-
tions at the superoptimum temperatures. The extreme reduction of the activSty
of succinSe dehydrogenase in the cells grown at low temperature seems to be
one of the factors influencing the accumulatiom of suecinie acid at the
temperatures. The reduction of the aetivity at low temperature$ is thought to
be result of depression of the formation ef the enzyrne.
   Proteolytic activities were found in the eulture fluid of numerous marine•-
psychrophilte bacteria isolated. Among the bacteria, Pseudomonas sp. No. S48,
whieh was isolated from sea water showed the highest proteolytic aetÅ}vity.
The organism required the salts e.F. sea water for both the growth and the
fermation of proteases. The extraeellular-protease elaboration by this organism
was shown to be inverse!y properttenal to the eulture temperatures, and the
optimum temperature for the accuirn.tlation of protease was found to be 5aC.
Although no clear aeeount for this phenomenon could be given from the present
study, lt mtght be said, at least, that the growth at low temperatues were
necessary for an abundant aceumulation ef the proteases. It ts assurned that
the variation of the fonnation or accumulation with culture temperature
reflects a substancial difference in the organization andlor the metabolic
precess at each temperature rather than the thermolability of the protease
produced or the variatÅ}on in the dissolved oxygen wtth temperature.

     The extracellular proteeses of this bacterium were fractionated inte
feur components, prQtease la, Ib, Ira and IIb. Among the proteases, Ia
was obtatned tn a crystalitne fortn whieh was shown to be hornogeneous by analysis
with electrophoresis. The other three proteases were aiso highly purified.

                                                                   te beThe eemperature ranges for aetivtties of these proteases were found
relatively lower, cempartng with proteases which have been ebtained from
varSous nLcrobes. These four proteeses were quite different frem ene another
with respects to the behaviors against inhÅ}bÅ}tors and metal ions, and pH
optiTna. On the basis of the substrate specifÅ}eity, the alkaline preteases la

 ts elassified as a serine protease, aXthough the enzyme was tnactivated wÅ}th
EVrA as well as DFP. The metal whteh Ss chelated by EDTA ts thought to
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participate in the maintenace th2 conformation of the enzyme protein. It is
thought to be unique that this Gram-negative bacterium produces a serine
protease. The protease IIa cleavaged peptide bonds containing amino groups
of hydrophobic amino acid residues. The protease is classified as a neutral
and metal protease.

It has been known that marine sediments are good samples for the screen­
ing of hydrocarbon-utilizing microbes. Further, sea water and marine mud
are thought to be favorable environments to low-temperature organisms. The
author has isolated a marine yeast, which is able to assimilate n-paraffin,
from a marine sediment sample of Sagami Bay at depth of 1120 m. The organism
was identified as a Candida sp. MM313. Although the growth of the yeast was
observed in a medium prepared with fresh water, the cell yield increased with
increasing the concentration of the salts containing sea water in the medium,
with the maximum growth extent being given in the medium containing 7Si. sea
water rather than the full strength. The optimum temperature for growth rate
was found to be 28 Q C. The best cell yield from n-paraffin, however, was
attained by the cultivation at 10° to 15 Q C. The cell yields to n-paraffin were
about 85% at 15°C after 4 days and 56% at 28 Q C after 3 days under optimum
conditIons obtained.

Some cultural conditions for cell production of Ktoeakera sp. No. 2201
from methanol were investigated. The cell yield on the medium containing 0.2%
C.S.L as growth factor was about 2.7 times that on the medium containing a
vitamin mixture which had been conventionally Msed. The optimum temperature
for growth was found to be 25°C, and at the higher temperatures, the growth
was depressed. Using the other six types of methanol-utilizing yeast, the
relationships between temperature and growth were investigated. These yeasts
had relatively low optimum temperatures. Especially, Torulopsis pinus IFO
0741 grew optimally at 20 Q C and the yeast could not grow at 28°C. Therefore,
the organism is able to classify as a psychrophilic yeast.

The two enzymes being responsible for the oxidation of methanol to carbon
dioxide were extracted from methanol-grown Ktoeckera sp. No. 2201 and were
highly purified. One of these, a formaldehyde oxidizing enzyme, was NAD-linked
and GSH-dependent dehydrogenase and was classified as formaldehyde dehydrogen­
ase (formaldehyde:NAD oxidoreductase, EC 1.2.1.1). This enzyme catalyzes
the oxidation of formaldehyde to formate. Another one was NAD-linked formate
dehydrogenase (formate:NAD oxidoreductase, EC 1.2.1.2), which catalyzes the
oxidation of formate to carbon dioxide. Since these enzymes was inducibly
formed in methanol medium, the enzymes were thought to catalyze actually the
second and third steps of methanol oxidation during the growth of the yeast on
methanol. Furthermore, it is confirmed that, in the other six types of
methanol-utilizing yeast, the alcohol oxidase, formaldehyde dehydrogenase and
formate dehydrogenase are responsible for the oxidation of methanol to carbon
dioxide.
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