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- ABSTRACT

p
/ o

Vibrio costicola, a moderafe1§'halophi1io bacterium,
has the ability to grow over a wideurange\offﬁaCI concen-
trations: §tudies were undertaken to investigate the pos-
sibiiity that proteins functioning'in such:eﬁVironmémts -
might-have an unusual pattern of turnover.

The turnover rate (about 5 $/hr.) of pulse-labelled pro--
"teins, at all salt concentrations supportlng gPowth, was sub=-
.;stantlally hlgher than rates reported for’ other organisms.

The rate was especially elevated in medium with NaCl con-
centrations less than .1.6 M. ‘“Turnover rates of pulse4\
labelled proteins seems-to be determined by the salt concen=-
tration in' which the bells.are\bubsequehtly incubated rather
than which they are labelled. There wes no correlation,

. either poeitive or negative, between the growthirate and,tﬁe
‘rafe of protein breakdown.. .

Tetracycline or chloramphenicol addition, while both in-
inhibiting protein syﬂthesis; resulted in iﬁhibition only by

- L] - 5 » - . -\
the former antibiotic, with chloramphenicol having no effects

on protein breakdown ) A . . -

Impalrments of energy productlon by addltlon of various
inhlbltors.was studied. Turnovez'was 1nh1b1ted by cyanide but
not azide, dinitrophenol or iodoacetate. Succinate also led
to a severe reduction §o.rates of proteio breakfowﬁ} The'
_possible“reasons'for the varied effects of these aéents is

" discussed.

2 e



A cell-free systen-f’ was successful .in obtaining a rate
of breakdown usi% of -that found in whole intact cells. Tetra--
cycline addition resultedlin an“inhibition whereas cyanide,
addition precipitated a stimulation of protein degradation ipn
this system. ‘
Guan051ne tetraphosphate (ppGpp), a nucleotide prev1ously
1mp11cated in protein turnover stimulated this process in
V. costicola. The possible action of tetracycline and cyanide
oﬁ cellular levels of ppBpp is discussed.
Increases  in proteiﬁ breakdown occuﬁ%ed with a 10°C
" detline in incubation temperature. -Lower.ﬁaCI concentrations
conpqmitant with lower temperatﬁres caused a substantial ¢
ipcreaéé in the rate of turnover.
Polyamines, " nitrogenous polycationic bases, were
found in'high cell-associated concentrations in this bacter-
- ium. Putrescine (a polyamine) addition brought about low-
. ered,bﬁeakdown rates especially in medium containing lower
NaCi concentrationé. The possible role of polyamines for
pelpihg to maintain “normal" protein conformation is discqssed.
"Separation of proteins with respecf to either their.
individual molecular weights or net charge was carried out.
Some eﬁideﬁbe'is'presented for an elevated rate of turnover
for proteins posseésing a higher net negative'éharge.
Protsln turnover, in v. COSthOla, is probably governed

by an interplay between mlscodlng caused by too high, ‘and

~
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INTRODUCTION

]
~

Extreme Environments

Organisms which grow in extreme envirénments have pro-
vided an integesting field of research in recent .years. Y

Extreme environments arelgenerally théught of as hasing
%:idfr more factors outside the range in whiéh most, pu% not

all, living organis

can carry out their life processes and

grow. Such factorg, to only name a few, as oxidation-reduc~

tion potential (Eh))\ hydrostatic pressure, temperature and
salinity may causeé by themselves or in combination, an ex-
treme environmfht. These and otﬂér contributing factors can’
cause an inhibﬁtion of the life processes and/or structural

damage .

Thermoduric organisms, including eukaryotic algae, such

as Cyanidium caldarum, or Bacillus stearofﬁermophilus, a t\l,
bacterium, can grow optimally. at temperaturéé of 56-60°C and
7p-75°C respectively (Brock, 1967). Mesophilic 5fganisms such

as the bacterium Escherichia coll or many freshwater or mar-
1

ine algae would be virtually excluded-from growing at such
high temperatures. ,
Salinit& of the enviroﬂment also éeverely limits the
n;mber of taxonomic groups able to grow. In the Dead Sea,
with the concentration of salts at the-satubétion point, only

eight species of bacteria and about two species of blue-green

"
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algae can be-isolated (Kushner, 1978).
> ¢ ,
Fhe question that naturally arises from the durability

to, and even requirement for, a more extreme environment by

certaln mlcroorganlsms, as 'compared to their counterparts

ex;stlng at less extreme environments is - wﬁat attributes at

thé. sub-cellular or molecular level allow for this ﬁnusual

existence?

The, pages that follow will hopefully ,add to help answer

t

this perplexing question and in so doing, as ocecurs in science,

open othér perplexing questions.

5

~ Taxonomic Distribution of the Halophilic Organisms
1

Bacteria of various kinds are capable of growth at salt

concentrations ranging from almoqt zero to that of saturated
brine. It is this wide range that enables bacteria to be
grouped éccording to their salt requirements. Usually these
bécteria are classified, according to their ability to grow
in increasing salt, as terrestrial or freshwater, marine,
moderately halophilic, or extremely héloﬁﬁilic This may be
visualized by plotting - a distribution curve of the Earth'
total bacterlal population against salt concentration. This
plot would reveal an asymmetrical broad peak, or possibly
two peaks, in tﬁe freshwater-seawater region (ca. 0 - 0.68
‘ionic strength) (Brown, 1964a). The extreme haloﬁhiles wolld

be found at the upper end of this plot. Such exotic locations



as salt evaporation ponds, for obtaining crude solar salt,
the Dead Sea, and so on wodlq_play host fqr these‘haloﬁﬁilic
organismg. Moderaté halophiles, while generally not foupd
in nature.growing under such extreme saline conditions, do
require relatively high salt concentrations for- growth.
These environments include locations,”to name on1y two, such
as bacon curing brines or freshwater-seawater reglons.

Al The halophlllc bacteria, being among the most "salt—
tolerant" of organisms, are capable of exploltlng these en-

vironments which are inimical to most living forms. Extremely

L]

halophilic bacteria of the genera Halobacterium and Halo-
coccus can grow in saturated NaCl (ca. 32 % or 5.2 M; with

tﬁe lower limits of growth at 12 - 15 % NaCl (Kushner, fé?B).
Moderate '<ha10phi1es, which were .first described by Baxter and
Gibbons (1954), have lower, but still, definite salt requiré-
ments of 0.5 - 4.0 M NaCl (ca. 3 -20 %). ﬂoderate halophiles,
therefore, can grow in salt concentrations from those in which

non—halophilesfﬁan grow, up to thé saline environment of ex-

treme halophiles.

A Moderately Halophilic Bacterium - Vibrio costicola

The moderate halophiles, (Gr. salt-lover) ‘include many
"different bacterial species, both Gram positive and Gram

negative (Brown, 1976; Kushner, 1978).




Vibrio costicola, a moderately halobhilic bacterium, is.

a Gram negétive, aerobic, curved rod (0.5 X 2-U4 u). A similar .

ofganism was originally isolated in pork ribs marinated in

salt briﬁe (Smith, 1938). It‘waé then named Vibrio gosticolus
because 6f its comma shape and the latin wordé "costa" mean%ng
rib and "cola" meaning dweller. Robinson {1950) isolated thié
6rganism from bacon curing brines, in Canada, some years after
the previous culture was 1ostﬂ Tﬁg name was subsequently
chgngéd, in the 8th edition of Be5gey's Manual of Determinative

Bacterlology, to Vibrio costlcola.

Recently this bacterlum has received much attentlon due

to the wide range of salt concentratlons supportlng its growth
As previously stated, thls range overlaps the upper and lower
NaCl concentratlon growth range of mesophilic and extremely
halophlllc mlcroorganlsms. respectléjiz;//&hus!. costicola
ﬁés proved to be valuable in studie of\thé:physiologic§1 and
molecular aspecfs of halophilic bacterial life,

‘ .

L}

.. Some Characteristics of Moderately Halophilic Bacteria

V. costicola can grow’in'minimal medium with 0.5 M -
3.0 M NaCl (Forsyth and Kushner, 1970; Shindler, 1976) with
best growth in the range 1. 0 M - 2.5 M NaCl. This‘vibroid-
‘shaped orgahism's requlrement for such a sallne environment,
as found in other moderate halophlles'(Brown, 1964a), is a

stable genetic characteristic (Forsyth and Kushner, 1970).

e T At L L ————————
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Méﬁy halophilic proteins, including those of V. costicola
(Wydro;:1977), have a differént.cqmposition of amino acids
than theif,non—halophilic counterparts (Lanyi, 1974). In such
proteins is f§und a reduced number of;hydrophobic fesidueé in

~ g

. 1
favour of increased apolar residues. Additionally, a general

g.gxcesé of acidic pesidues h&s‘bgen observed (Wydro, 1877).

Various sPudies have attempted to determine the "intra-
cellular® salt concentrations of V. costicola (Christian and

Waltho, 1961; Shindler et al., 1977). These types of studies

_were ihportant, since a knowledge of how intracellular ionic

content varies with that of the external milieu is essential

in comparing how growth at different salt concentrations affects”

cellular components, including the conformational states of

proteins.

. Non-halophiles have, in general, a slightly'elevated &l

-

level internally, with their Na' level being quite low re-

‘lative to the external milieu. In contrast to, this, moderately

. &> .
halophilic bacterial accumulation of K is very pronounced

with substantial quantities of Na* being found also. The

intracellular ion concentration of V. costicola, grown at its

optimum salt concentratioﬁ (ca. 1.0 M NaCl) is at least as
high as that of the environment (Table 1). However, as V.
costiéola is grown at progressively higher salt concentrations
approaching that at'which extreme halophiles can grow (ca.

18°% NaCl), the intracellular ion concentration is lower than
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alopiles is - in what .form is k¥ and Na’ found

At'present,

growing evidence for sequestering of ions.

Masui and Wada (1973) found that the isolated cell en-

velope of a moderately halophilic Pseudomonad No. 101 contained

large quantities of fixed ﬁa+ and K* . This finding seemed
to contradict the concept that the ions were'free in the cyto-
plasm. Unfortunately, from this type of study, it is impos-
siblelto apply the amount of ions bound by broken cell pre-
parations‘to those found in a living Eell. Also the binding
prpperties of envelopes would‘prob#bly be changed upon cellu-
lar disruption and removal from the environment of the living
cell {(Kushner, 1978).

From recent studies, as shown in Table 1, the internal
salt concentrations of V. costicola seems to be as high as
those external to the cell at most salt concentrations of the
medium. The actual localization of the bulk of the ions either
in the cytoplasm or other cellular structures, such as the
cell envelope, is unknown since most of the experimental methods
involve disruptive techniques. In NaCl concentrations up to
1.6 M, the sum of internal Na"¥ and K¥ ions is greater thaj .

that of the external ions. Only in the 2.0 M NaCl medium is
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the total Na¥ =& K+ concentration found to be sllghtly lower
than the external NaCl cchcentretion. The 1nterna1 ions in-
crease, although not proportionally, with increases in the
external NaCl concentration. The K /Na® ratio decreases, as
shown, with increasing concentrations of Na€l. Actlvely meta-
boliziﬁg E.‘costicola maintains, as shcwc in Table 1, a 75-
100 fold concentration gfadient of k¥ with respect. to the
medium. The NaCl concentration of the medium did not alter

. the cellulac K" level, howevern, it did have a large effect

on the cellular Na® concentration. At external concentrations
above 1.0 M NaCl more than half of the cellular monovalent

L + - 4
cations were Na . . e

Other studies (Masui-and Wada, 1973) have found. evidence

contrary to that discussed for l,:costicOIa. The modérately

halophilic bacterium "Pseudomonad 101" growing in the range

1.0 - 3.0‘M NaCl, has:intraceiluxar Na© . K+x and'?l- con-
centrations which are almost independent of.the‘NaCI concen-
tfations of the medium.L Addifionall&,lin'a‘Gram negetive,‘un-‘
identified; extremely halophilic bactefium (Matheson et al., '
1976} the 1nterna1 ionic levels were also found to be much |
lower than the external-mllleua To counterbalance this ionic
1mbalance it has been shown that many extremely halophlllc
organisms (Brown 196u4b, 1976) can maintain . lower 1nterna1 ionic

concentrations than the medlum supportnng gpowth by having

higher cellular levels of "compatible Folutes," such as

|

1
|
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glycerol. "Compatible solutes™ with their ability to allow

for cellular adjustm the different concentrations of

- salt is due to the lowering o intracellular water activit&,

In a very recent study Unemoto and Hayashi (1979) have shown
thét the amino adids proline and glutamic acid acted as com=
patible sélutes in a slightly halophiliec bacterium.(grodth '
in 0.2 - 1.5 M NaCl). Their concentratioris were found to in-
crease concomitant with an increased extérnal NaCl concentra-
tioﬁ; Thesersubstaﬁhes, ér others, actipg as compatible so-
lutes in.pany extremely and slightly h opﬁilic organisms, -
will probably be found in modérat y'ha;ophilic bacteria al-
though no peasurements have be€n made as yet.

A better épproach to elucidate this quegtion of cellular
ionic levels (Wydro et al., 1977) was to explore the effects
of salt changes on physiological functions. Wydro et al.
(1977) concentrated -on in vitro protein synthesis as their
physioloéical index of intracellular ionic conditions. This
represented an excellent approach as it encompassed the sta-
bility of ribosomes, amino acid activating enzyme activity
and incorporation of proper amino yacids as directed by a
known messenger at different salt concentrations. Their study
suggested the sequestration of.ions, since in vitro protein

synthesis in V. costicola only occurred in 0.1 — 0.2 M NaCl

cbntaining medium. In addition, higher salt concentrations

‘induced erroneous Protein production in poly-U-directed
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phenylalanine incorporation experiments (Wydro, 1975). It
was eeggested by Wydro éE:El- (1977), that since growing V.
costicola must make profeins there.must exist regions sec-
luded £fom high salt‘concentrations.where ﬁrotein synthesis
takes‘place. Thus, other cellular components, such as the
cell enveloﬁe\ may bind excess ions leaving other regions in
relatively -low ionic condltlons. Addltlonal evidence for the
concept of solute protected areas was suggested with the meso- -
phllie bacterium E. coli (Wydro et gl.,v1975). This onganism,
while being capable‘of growth in_O,S M NaCl, suffers ribosomal
aggregation af:this_coneentfation in cell-free extracts. |
Several recent research;documents concerned witﬁ i. costi-
Qégé are availablewhich offer extene%ye information on othe?
interesting facets of Lthis bacterium and other moderately

halophilic bacteriaf’ Shindler (1976) and Rossignol (1978)

have studied, in d ta11 the effects of salt on the stablllty
and activity of spee&@ed‘halophlllc enzymes. The effect of
salt on an in g&;gg proteln synthe81z1ng system prepared from
. costicola was studied by Wydro (1977). In addition, the
latter study gives an analysis and comparison of the structural.

make-up of ribosomes from V. costicola and other bacteria. -
Y 4 o

Solutes,Stability and Halophilic Proteins

The success in which halophiles have adapted to life
’ LY

-
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tlonally speaklng, as non-halophlllc bacteria. Pathways of

11

under conditions of ‘extreme salinity is seen by the fact

v

that they»habe basicaliy the éémeﬂmetabolic'apparatus, fdnc;

protein synthe51s, ATP generatlon and gene repllcatlon

(Hochacka, 973) are some examples of similar cellular bio-
» L

chemical reactions. This provides probable evidence that

for snch-paralielling functional similarities to exist, enormous

underlying biochemical differences must distinguish halophiles

from non—halophilés.
o

In a bacterial cell, comprised of 1lipid, protein and

other types of biological material, .conformational changes,

_ ‘ . . .
if they occuﬁiwcan.a@ise with changes in d 1 or solute con-

T oy

centration. The'de molecular conformatlonal changes are most

likely to:procee as w1ll be dlscussed later, 1n1t1ally, in

the protein comp nt in response to changlng 1onlc influ-

*ences (Brown, 186%a).

-

Various stldies ‘with moderate halophiles have shown a

difference in salt requirement for "cell-membrané associafed"

enzymes versus) the so-called "soluble" enzymes (as 1nd1cated

, 1n brackets below) for maximum act1v1ty and stablilty. “In

-f . ) ’
*1 - - . Yy e L . -
a (water activity) is defined by "the gquation:
W . o .
_ = B =2 *

where p = vapour pressure of the solution and P at of
the solvent, pure water; n., and n, are the number of- moles
of solvent and solute respectively. :

.,
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moderat;ﬁ:zzgﬁﬁiies it has been demonsfﬁgped,that "cell-

membrane associated" enzymes such . as cytochrome oxidase
(2 -3 M NaCi) lactate dehydrogenase (1 g -2M NaCl) (Bax~-
ter and &e.bbona 1956), and alkaline phosphatase (2 M NaCl)
(Yamada et al., 1954; Brown, 1964a) require much higher salt
goncentrations fdr stability and activity than the “soluble"
enzymes isocitrate de?ydrogenaszliEAZ -0.7M NaClJ {(Wydro,
1974), pyruvate k%nase (0.6 - 1.0 1 NaCl) (De.Médicis and
Rosgigpol, 1977, Rbésignol, 1978). ~

Theories on Haloghilic Salt Requirements

»
'

(A) Baxter, Gibbons and Brown Hypothesis

.t

B
A hypothe51? for the ﬁﬁqu1rement by halophlllc mem-

-

=

branes and many protelns, for higher salt concentratlons was
put forward by these researchers 1nd1v1dua11y (Baxter and
Gibbons, 195u4; Brobn 1876). . - ~

Simply stated, their h othesié entails the néutraliz-
.§tioh, by'Na" of the structural proteinisurfacé charge. 1In
thé‘absénce.of'salt €§; repulsion of the charges leads to dis-
ruption of profei&jst;uetures aﬁd,concomitant loss of activitj:

Generally, procaryotes and eucaryotes have ribosomes
whose protelns are strongly basic. However, extreme halo-

philes, and to a lesser extent, moderate halophiles,-show

quite high ambunté of acidic ribosaomal amino acid residues

- L ﬁ
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(Bayley, 1986 Wydro, 1977) These differences in amino
acid comp?51t10n, belng most pronounced in extreme halo—.
phlles, n%latlve to non—halophlles, has also been noted in
other proteln structures such as the cell wall (Reistad, 21970)
and the cell membrane (Kushner et al., 1964). Brown (196u4b)
speculated that the requlrement‘for higher salt eoncentnations
was for the cancelling of the acidic,lor negative, groups. in
order for the protein to assnme its native conformation. He - -
also (1964b) demonstrated that succinylation of *~ -€-amino
groups of %ysyl residues, leading to an increase in acidity,
of cell membranes of a non-halophilic bacterium confenred
halophilic properties as seen by a need for elevated salt leve{s
for stability. ‘
Thus, salts seem to be reqhired, in part, toAact in a
counter-ion shieldin% function to neutralize electnostatic

repulsion.

(B) Lanyi and Stevenson Hypothesis

Lanyi and Stevenson (1970) proposed that the need for
higher salt concentrations was not solely attributeble to.e
counter~ion sﬁielding function. It was estimated that the
electrostatic effects‘could'be neutralized,at between 0.2_-'- ™
05 M NaCl;'even in extreme halophiles. This is aiso noted
with DNA (Inman and Jordan, 1960), bovine serum albuminA |
(Edsall et all, 1950) and other highly chargeé macromolecﬁleﬁ

}} ;o ) ' . “ '
- '-\,, ‘ /\ .
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- 0.2 M NaCl.

Secondly, counter- n shielding cannot aceount for the
I
dlfferences observed in effectlveness of both anions and cat-

1ons towards various halophlllo enzymes (HOChStEln and Dalton,

Thirdly, Wada (1960) found that counter-ion shielding did
A ' .
not stablllze a poly-L-glutamlc acid helix. In fact 'lower-

‘ing the pK of the acid group in concentrated salt sblutions

1968; Lanyl and Stevenson, 1970)." . o -

leads to disruption of such a structure (Ciferre EE al., 1968).

Therefore., Lanfi and Steﬁenson (1970) proposed, that
while couhter—ion shield}ng or electrostatic interaction was
important at low salf.concentratione, anofher ionic fu;ction
-occurred.at higher sal$ concenfra;}ons. T?e particular need
for higher levels of salts was suggested for maintenance of
enzyme act1v1ty and stability by hydrophobic bond 1nteractlon.
ThlS kind of bond derives stablllty from the increase of
entropy in the surrounding water upon formation. NaCl and
oqper salts that decrease the solubility of organic compounds
in-water tend to increase the stability of hydrophobic bonds
(Lehnlnger3 1975). | | -
N The changes in water structure around apolar re51dues

plays a role in the formation of hydrophobic bonds. At

equilibrium, when the random chain is fully folded, the in-

crease in the entropy of t surrounding water molecules is
~ . .

e

N
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greater than %ﬁe decrease in the entropy of thé now cor-
rectly coiled. polypeptide chain. Hydrophobie‘bonds, in
addition, are seen to be more stable at figher femperatures

due -to the'endothermicify of their formation.

Nacl and KC1 with their "salting-out" or lyotropic ﬁature'
tend to increase this form of bond (Lehninger, 1975; Rossignol,
.1978): In ezditién, polycationic moleeLles * such aslpolyamines,
'spefmidine for example, and divaleﬁt cations, such as Mg*' s
have been shown, by themselves, to malntaln partlal enzyme e
stability and activity in some halophillc prdtelns (Lany1 and !
Stevenson, 1?70)f It is thought that at low ealt concentratlonejp_’:::
and in the pres e~ of these.polyvaient cations, vafious halo-
philic protein. may be in paftially folded conformations with
increased stabild being achieved through coenten-ion shield-
ing. However, the shlt concentration would have to be ing¢reased
further to achieve the proteins native conformation through
hydrophobic bonding with a 1owerigg of its soiubility in the (:
'eolvent (TQPford, 1973). - |

Many halophiiic proteins, as discussed, tend to be more
acidic in nature but also contain a reduced number of hydro-
ehobic residues (Lanyi, léﬁu; Wydro, 1977). This being the
ease, higher salt concentrations would be required to reduce \j :
unfavourable. steric conditions and counterbalance the reduced '

number of hydrophobic bonds. The sallne env1ronment of.mani//

halophilic protelns, in fact, would requlre that the organasm




} " 18
S
would have & lower percentage of hydrophoblc bonds in favour

of increased apolar residues and an excess of charged a01d1c
(negatlve) residues. These protelns would require hlgh salt
concentrations to direct hydrophobic bonding concomitant with .
the neutralization of excess ions in solution by apolar end
‘acidic residues respectively. Therefore, in an "ion deficit"
situation,‘where there is a reduction in ionic strength of
the external milieu of a halophiiic organism, it would be ex-
pected that many salt~dependent halophilic_proteine\woﬁld
cease to maintain their native conformations.

-
o .

Protein Turnover

‘While,gur‘knowledge of protein synt;egis is well developed,
that of protein degradation and turnover is st1ll quite rudi-
mentary. Mmch time and effort nave been devoted, in the past
and present, on the regulation of protein biosynthesis whereas
inveStigations on factors involved. in removal of. cellular pro-
tegqsfhave been spdradic. Recently, however, studies on Bro-
tein turnever have attracted renewed interest due to their
implications in,many aspects of dellular development and
surn}val \v///I |

‘Proteln turnover, as experlmentally determlned has been
defined (Neurath, 1964) as the time requlred to remove an
eaaunt of protein under investigation. The rate of disappear-
ance of radioactivity;wfon example, a readioactive amino acid

such as luC-leucine, fron a prelabelled protein to which

. o L
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a non-radioéctive form of the same amino acid is sub-
sequently added gives a raté of protein turnover. Thé ﬁfo—

. tein, as it is being Hydro}ysed to smailer molecular weight
peptiﬂe units and amino acid,residues, releases the radio-
active residues. Thg amount of radioactivity released (dpm)
~during a certain time periof'can then be counted. .The cal-

, . _ culated rate, it must be remembered, gives an average for
proteins experienéing.rapid breakdown and those witﬁ'lower
breakdown rates (Goldberg,~1975; SiekeviEz, 1972). Ag yill‘
be discusséd, Fhe theories on selectivity and control éf pPro-

tein turnover are numerous which demonstrates the .need for

further studies to elucigate this process.

{ ‘
Theories on’'Control of Protein Turnover \

Why do proféin molecules get degraded? Unfﬁrtunafely,

\a ) only a universal negative, circumggantial, answer exists, that
’ because all instances of degradation of specific proteins seem
-to follow first-order kinetics, then the proteins are degraded

iﬁ a more or less random'féshion. In oth?r words, they are

not degraded because they "age" and therefore become more

susceptible to a profeolyic mechanism.

Protein turnover involves intracellular ﬁfoteolytic‘

‘“enzymes,'together with peptidases, catalyzing the hydrolysis

of proteins to amino acids. However, at this time, the factors -

involved which make a protein more susceptible to proteoclysis
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are obécure._-As'a rgsu1t,'it is not possible to make any.finhlﬂ
©  statements as to which properties and conditions are decisive
for the increased proteolytic susceptibility of cell proteins.
.Variqus theories have been proposed and will-bé dealt with

individually.

(A) Deamidation Reactions

‘Strehler (1977) has theorized. that the enhanced hydro-
lysis of peptide bonds can arise from the fact that two of
the amino“acids présenf,in proteins are asparagine and glut-
amine whiéh possess amide groups on the termini of their "R"
groupé. This is a potential source of structural instébility

since amides, like peptide bonds, are subject to hydrolysis.

The amidinated amino acids lead to a protein with more
écidiq properties due‘to the removal of the am}de ammmonia,
leaving a free carboxyllgrouP. It was speculated that a de-
amidation reaction process may play a role determining the
turnover of a protein.u 9f course, the control .of turnover by

. deamidation would depend upon the formation of more acid
charged proteins being derived/frop more neutral énes result-
ing in selective targéfs for the endogenous cellular péoteases.

Thus a certain half-life could be conferred on a particular

protein by the occurrence of one or more deamidation reactions.
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For example, a singie deamidétion event~cpuld give‘rise to
‘a'first—ordertexponential.disappearance of a prétein; However;
if two or more deamidations per molécule were prerequisite for
degradation,'the molecule couid have an increased half-life
-Before breakdown. Therefore, a direct re;ationshib between -
breakdown and the number of deamidation events occurring with
a protein may be decisive for determining its‘respectivel
half-life.

Robinson et al. (1970) have also vent;red to gorreiate
the turnover times with the percentage of glutaminyl and aspara-
ginyl residues in protein. It was found that larger percent-.
ages of these residues lead to shorter half-lives. A deamid-
ation reaction of these residues was thought to lead to open-
ing pf the protein structure thus making it more susceptible

to proteolysis.

(B) Hydroshobic Ipieractions

Tan%prd (1973) proﬁosed a h&pothetica&.mechanism for the
enhanced prbteolysis of a protein. Differéht degreés‘of ex-
posure of- superficial hydrophobic areas of substrate proteins
could cause differént affinities for proteolytic enzymes.; It
was thought that the primary reaction of intracellular pro-
tein catabolism, for many proteins, was the change from a
more stable conformation (more buried apolarlresidues) to a

less stable conformation (more superficial hydrophobic areas).
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Most water solublé proteins have approximately 25 to
30 % hydrophobic amino acid side chaihs, 45 to 50 % are ty-
pically ionic or contain uncharged hydrophilic side chains.
The remaining residues have reiatively 1ittle preference for
being in or out of the aquéous environment (Tanford, 1973).
In the native conformation of such a protein a substantial
fraction of the hydrophobic side chains are typically buried
in the interior of the ﬁoleﬁule. The free energytgained, by
the surrounding water molecules, is a major factBr in the
stability of the native conformation relative to a more flex-
ible confprmation in which the hydrophobic side chains’would

be exposed to the solvent. In nature, the rnative conformation

. is, in fact, in dynamic_equilibrium with other possible con-

formations with reversible, and occasionally irreversible,
transitions taking piaqe where the solvent medium is altéred.
In one stud% (Yutani et al., 1977) the effect of-a single
amino acid subséitutioﬁ (missense muéétiesl/pn stability of -
conformétion of a protein was stuéied. It was demonstfated
that a single amino acid substituﬁion could alter the - sus-
ceptibility to proteolysis of a protein molecule without a
gross change in its conformation. They suggested that the
stability of a protein may be greatly increased by an increase
in hydrophobicity by substitution of a few suitable amino
acid residues. The dual concepts of hydrophobic interactions

and miscoding may be related to a protein's stability.

S e
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-(C) Thermodynamic Control

A positive correlation has been found between the in
vitro they®al stability and in vivo turnover rates of proteins
(McLendon W§nd Rudony, 1978). This particular study of the

thermodynamic model for turnover of proteins suggested that '

. intracellular degradation is controlled by intramolecular con-

formational equilibrium.

v

- L
It must be remembered that the "native" protein conform-

" ation, as determined for example by X-ray crystallogfaphy,

is in dynamic equilibrium with a number of other structures
whichfmgy be partially or completely unfolded. These inter-
conversions’occur quite rapidly since the actual enérgy dif-
ference between the unfolded and folded states is quite iow
(5 - 15 Kcal/mole) for proteins (Tanford, 1973). .
McLendon and Rudony have questiéned.hhether the many
molécular aspects of protein degradation depend simply upon
the dynamic-equilibrium among the different conformational K‘Ly
states. If this is the case, conformer equilibrium between
folded and unfolded states mawfée more important than the
"native" conformation in deterﬁining a proteolytic event.
Since an unfolded protein is a potentially very reactive sub-

strate for proteolytic enzymes the equilibrium concentration

of unfolded forms, determined by the unfolding equilibrium

constant K, (Figure 1), might govern the overall rate of

degradatioﬁ -d protein/dt.



Figure 1

s

Control of Proteolysis by Conformer Equilibria

%)
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tein degfadatidn‘is referred to és the . "thermo f amic con-
trol" or also as the "thermodynamic hypothesis" of protein.

turnover.

(D) Influence of Molecular Weigﬁt

In the opinion of Kalish 23.21' (1979) and othersd}’
(Schimke et al., 1970; bicé.and Goldberg, 1975) one important
property for the seleéfiQeAcétabolism of short-liJedrprofeins
is their high molecular weight. This would pfobably‘impiy
ﬁore susceptible bonds, leSS'stabie native coﬁformations, more
different éonformatioﬁg and more chancefzf errors in amino
aeid'sequénées. It must be noted tpat several examples are.
known wheﬁe small pfoteins appeér to turn over rapidly éKems-
head and_Hipkiss, 1976); but ho exceptiops have been reported
where large proteins are stable (Dice and Goldberg, 1975; Gold-
berg and St. John, 1976).

4

(E) 1Influence of Protein Iscelectric Point oy

Dice and Géidberé-(19§5)‘found‘anotﬁer feature of pro-
tein structure ﬁhidﬂ;correlaﬁg& with an enhanced turnover
rate. o E 4

Rr-oteins with acidi;%-isoelectric points v:rere found to bage
degraded more rppidly than those having neutral or basic

isokélectric points (IP). For example, basic bacterial ribo-

Pl

o
.
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somal, basic I?,.prineﬁtral charged proteins were degraded

more slowly than various acidic (negative) soluble proteins

'(Goldberg and Di'ce, . 1974). The authors stressed,_however, that

protein size and charge seem to be independent factors influ-

"encing intracellular half-lives.

The mahnér in which protein charge influences protein pro-.
téolytic»gusceptibility is still uncertain,'.On one hand, tﬂe
effects of charge may reflect the selectivity of the‘degrad-
ative enzymes. It could be visualized that fhé ?roteése(s),
in question, could be cationic molecules or could be specific
for acidic residues witﬁin the substrate polypeptide. On the
other hand, these findings may indicate that acidic polypeptides
share certain conformational features that promote their
hydrolysis. |
" One could also imagine that fhe native conformations of
acidic polypeptides are inherently less stable. Therefore,
these proteins could be more susceptible to spontanéous de~
naturation (Brown, 199&?), which-may be the ?ate-limiting steﬁ
in protein turnover. Finaliy, it could be enQisioned that ‘
aéidic_profeins may‘préferentiallyAgroup inlregions of the

cell where the degpadativé enzyme (s)- are lqcélized.

‘< \

(F). Abnormality of Protein Structure

Pine (1972), using E. coli, found that intracellular de-

gradation may be confined to a limited class of proteins dur-

-

» i
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. ing’ growth, particularly,those with abnormal structures. Ihis'

has heen subsequeﬁt}y’te;ted by observing the. intracellular

‘proteolytic response, either to environmental changes (Kirsch-

baum et al., 1975; Vinopol, 1975), or artificial changes in-

duced in the cellular protein. For example, the incorﬁoration

‘of amino acid analogues (Kemshead_and Hipkiss, 19763 Wheatley

L

et al., 1978), heating, coollng, or monltorlng the effects of
reduced fldellty*of proteins synthe51s (P1nket2 and Brown-
steln, 1974). Increased proteoly31s, as a consequence of
errors 1nduced in translatlon, has been documented in bacteria
incubated with streptomyc1n (Hipkiss and Kogut, 1973; Pinkett
and Brownstein, 1974). - It was suggested from these studies

that, for a number'of celluiar proteins, tu¥nover has an im-

portant regulatory and survival role which is controlled by

* the substrates conformational state.

%
In nature, abnormal proteins can result from mutational,

' biosynthetic or post -translational events. Unfortunately,

the frequency of these occurrences is 0&qy difficult, or even
impossible to determine (Goldberg and St. John,'1976). .
+ The strongestlﬁvidence that "normality" of protein con-

formation can influence intracellular*h&lf—lives comes from

LI

the study of proteins with abnormal tertiary itructunes. Both

-

bacterlal and animal cells have been foun®-to degrade such

polypeptides especially rapidly (Platt et al., 970)., Work

B-galactgsidase nonsense frﬁgments (Lin and

g rhdiation, for example, which can induce free rad-
rmation can bring about cleavage of protein disul-

phide bonds. This may in turn cause abnormality of conform-
ation (Pollard, 1969).
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components are quickly ‘catabolized leavi

. "normal” proteins unscathed.

. s : S . -
Kemshead and Hipkiss (1976), using E. € 0
the in vivo and in vitro degradation of certain\abnormal pro-

. greater than this may require one step additional for degrad-
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Zabin, 1972) or with puromycin-indubed, prematurely released,

*épolypeptldes from ribosomes (Goldberg and Dice, 1974)° has

stréngthened this view. Spec1f1c1a11y, these abnormal proteln

h¢ pre-existent

teihs of shortened chain length. Puromycin-peptides from

—

-

puromy01n treated cells and peptldes “from cyanogen bromide-
treated purified alkallne phosphatase were found to be degrad—
able in vitro. .It was noted that these .shorténed peptides
could form oligomers. If the oligomer formed was greater
than 30 OOUKMW its in vitro degradation was significantly in-
hlblted. Oligomers of less than 30,000 MW, however, were
found.to be rapidly degraded in the cellffree extracts. It
was suggested that E. ggli ¢éell-free extracts may contain a

protease-peptldase system active only agalnst,peptlde complexes

_less than 30,000 MW. It was also suggested that the degrad-

atiqp'of&aﬁﬁEfmal proteins or/g;;gomers of molecular weight -

»
»

ation. "This c¢ould be an aggregation of abnormal polypeptides.
* L=

This phenomenon has been visualized imn electron micrograph '

*

studies (Schachtel, 1968) in E. coli~cells'ﬁi¢2“}nduced pro-
tein abnormalities. The aggregation process may possibility
elicit a recognition from .the respoﬁslble protease(s).

et

Wheatley et al. (1978) suggested that a common degrad-

r'\- ) .' . . . .
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ation systep is prbbébly present~in all cells, which operates
in aﬁ indiscriminagﬁ'manner.;'Wheh proteihs arelréleased-from
théfriboqomes thejﬂare susceptibie; be they normal or ab-
normal. It then simply becomes a question of determining the
relative merits of .abnqrmal and normal proteins as subs&rates
for protealysis. The stabilization of ﬁolypeﬁtides comes when
they enter into associatioﬂs by folding on themselves, link-
agé with other subunits, co-factors or substrates, ionic
interactigns, and/or when they énter cellular structure. \As

a result, the inability of some.ribosomal products to find
protection by ény of these 1a¥ter associations, due to altered
conformation, leaves a higher percentage of them at risk tq
proteolysis for longer. ¢

Y

(G) Role of Guanosine Tetraphosphate {ppGpp)

The levels of the nucleotide guanosine 5'-diphosphate-

3'-diphosphate (ppGpp) formerly known as Magic Spot II, cor-

es invepsely with the rate of stable RNA synthesis and
direc£ y with rates of protein tturnover (Edlin and Donini,
19713 Bashel, 1975; Goldberg.and St. Johns 1976; Martegani

and Alberghina, 1979) in various mic£oorganisms studied. Amino
acid starvation leads to the restriction of protein synthesis.
;sncomitént with a ribosomal idling reaction (Cashel, 1975).
= Under this circumstance the cellular levels of PPGPp rise

quickly (Block and Haseltine, 1974) many-fold. The ley€ls
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of this nucleotide are also seen to increase upon carbon/

.energj source depletion (Pao'and Gallant, 1978) and ionic

changes (Biock and Haseltine, 1974). °

‘ It has béeﬁ suggested that Ihié'nﬁcleotidg may function
as an allosteric modifier of proteins or may simply be'hydro—
lyzed. The eventual energy gained froﬁm%he releaée of this
nucleotides p%oéphate groups may enhance conditions for pro-
tedlysis (Taguchi, 1978).

The fundaﬁental problem in evaluating the importance

played by each control mechanism is to determine which ones
have truly important influences upon the turnover rates and:

whether the observed correlations are in fact causal relation-

ships.

_Energy Requirement for Protein Turnover'

In bacteria, such as E. coli, intracellular protein de-
gradation can be inhibited by agents which disrupt thecéell's
ehergy generating ﬁechanisms_(Mandelstam, 1960; Kowit and

Goldberg, 1977; Olden.;nd Goldberg, 1978). Such findings sug-

- gest an energy-dependent step in protein catabolism. However,

. thermodynamically, the hydrolysis of peptide bonds should be

an energy-releasing process (Strehlerx’ 1977): In addition, no
known proteolytic enzymé requires metabolic energy (Olden and

Goldkerg, 1978).

The effects of various metabolic inhibitors on protein
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turnover,. has generally been attributed tc a reduction in the

steady-state level of ATP (Schechter et al., 1973). However,
the ATP levels in E: coli hévé.been reduced to very low levels

(up‘to'JS-SS % reduction) without dffecting prbteolysi§ (0Olden -

‘ tand Goldbérg, 1978). This may imply that,pﬁosphate bond energy

is not the actual source of energy for thls process. Thg
/actual energy source may'ﬁé resplratlon or .the so-called

Menergy-rich membrane state" (ERMS). Suqh-membrane-assupiated

L]

. functions as proline or 1actose”ffansport (Harold} 1972) are

driven by this energy source.” This involveme
. [}

f the energ-

_ ized membrane in pre¢€ein turnover may also account for the

repeéted failures of many investigators to successfully demon-

strate protein breakdown in cell-free preparations (Powell

L]
L]

et al., 1973;'Schimke and Katunuma, 1975).
Experiments to date do not distinguish between a require-
ment .for ATP itself or for other high energy coﬁpounds,
whose. levels may depend on the ATP COncentratioh. Previous
experiments, while\aeﬁonstraking a requirement for high
energy éompounds, such as phosphates, ;till-do not define a
direct role for such compounds in the hydrolysis of peptide
bonds- | | ‘ |
Alternatively, this metabolic energy may be required to
activate the responsible proteases(s)’ or to aé;ﬁatiy.alter

the conformation of the protej substrates, thereby render-

ing them more susceptible to\proteolysis. This model remains




o g -
30 . 35.
' .

to beé proven since degradation of abnormal proteins also
: yER .
4 [
has an energy component involved (Schimke, 1973). Schechter

4

et al. (1973) suggested the need for ATP to drive protein
synthesis for proteolytic enzyme production or other related
.protein fractions. However, others (Mahdelstam, }960; Gold-
berg, 1972; Goldberg and St. John; 1976) have shown that
effective degradation of abnormal proteins can occur in’ the

-

absence of protein_ﬁynthésis.

L

Compartmentalization of Bacterial Protein Turnover?

The role of differentrsubceliular fractions. in the pro- o
cess of protein turnover has yet to be fully éluéidateq. A
potentially impgprtant mechanism for proteége action could
invblve the compartmentalization of these enzymes gin order to
prevent continual interaction w&tﬁ/all cellular pjzfeins. This
concept is somewhat analogous tq lysoz¥me vesicle function.

Yeast have been shown to have diffeyential subcellular
- localization of proteolytic activity (Matern et al., 1974),
The ﬁhenomenon appears applicable to some bacterial cells
also but often with conflieting localizations (Goldberg and"
St. John, 1976).

In an early study (Pine, 1965) it was demonsfrated that
in E. coli appfoximately 25 % greater turnover of proteins
occurred in the membrane fractibn than any other. A more

»

recent study (Miller, 1975) has demonstrated that the pro-
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teases responsible for dégradation appear to be cyoplasmic.
, ‘

Contrary to thl% (Goldberg ét al., 1975; Chaloupka.et al.,

-

1977; Vachova-Phlloppova and Chaloupka, 1978) it has been

L shown the greatest turnover of proteins, or at least thelr

large fragﬁents, appears to proceed in the periplasm.
. .‘
The question of localization, as seen, has proven to’ be
evasive, as most of the techniques and approaches tend to be

rather disruptive-and inexact, leading often to conflicting

results. \\

Cellular Need for Turnover of - Proteins

fhe.many possible control mechanisms and other para-
meters of protein turnover have been explored to some extent.
The resultlng information gained has revealed 1ntr1gu1hg in-
sight into this process. Consequently, the question arises -

why h%Ye mieroorganisms developed such seemingly elaborate,'

-

and in some cases, precisely regulatgq pathways of a protein's -
B o

turnover?
V

One of the primary‘reasons whick can readily be given

4

suggests that protéases selectively degrade defecti

teins, however biologically defined, that would otheégywise|in-
terfere with normal cell function (Adams et al., 1972; Capkceli
et al., 19743 Goldberg and St. John, 1876; Simon et al.,

1978; Martegani and Alberghina, 1979). The elimination o

»
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_ these abnormal and‘potentially harmful polypeptides result-

ing from mutations, biosynthetic errors anc/or gpontaneous

or induceé denaturation’must have important conseqpences.
Secondly, the process of turnover serves_an important

physiological response under periods of poor nutrient avail-

ability. The overall release of amino acids from cellular

proteins has been documented (Goldbergiand St. John, 1976) to,

be closely regulated during "hard times."

Thirdly, the rate limiting enzymes regulating the -flux

- of substrates through key metabolic pathways seem to be turned

over much qulcker than other cellular enzymes (che and Gold-

. berg, 1975). This suggests an important role for this process

in regulatlng the cell's biochemical machinery.

The eluc1datloq of the exact role played by proteln turn-
over and its regulating factors is at a rudimentary stage.

The missing pleces to enhance our understanding of this process

“will only be derlved from unique approaches and model systems.

Environmental Effects on Protein Turnover

Bacteria} cultures, in general, in‘exponential growth
have 1os pate:}of p;oteinlturnovec indicating that the proé
teins, cn average, made during this period are stable, al-
though some specific bacterial proteins, such as L-serine

deaminase, can show a rapid degradative rate during expon-

ential growth (Beeraj et al., 1978). For E. coli rates of .
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0.5 to 2.0 % of cellular protein turnover pen-hour have been °
observed (Nath and Koch, 1970; Pine, 1972; Goldberg and St.
John, 1976). .

\

Many of theée studies have focused on mesophilic types
. 1
of bacteria, such as E. coli, and to a much lesser extent on
orgqnisﬁs growing in more "extreme" environments. Several past
studies of organisms existing in extreme types of environment

have concentrated on the thermophilic bacterium Bacillus

stearothermophilus (Allen, 1853;.Bubela and Holdsworth, 1966).

i - B. stearothermophilis grows best in the temperature range be-

tween 55 - 65°C. This ability to grow at higher temperatures
has had various explanations. Two of the main ones are:

(1) that the proteins are probably heat stable (Epstein and
Grossowicz, X969, Pfueller and Elliot, 1969; Amelunxen and
Murdoch, 1978). 1In fact certain exdprotéins Ef this thermo-
phile are heat stable such as the o -amylase and the puri-
fied flagellar proteins. The alternative suggestion (2) by
Bubella and Holdsworth'(lQBE) proposes that the survival of
the thermophile at higher temperatures might be its ability

to r¢place the heat damaged material at such a rate that over-

metabolism is not affected: It was thisvzi:ter hypothesis

that was tegted by them. _At 40°¢C B. stearothermophilus had

a much greater protein turnover rate (5 - 7 % per hour) than
. coli grown at the same temperature. _Thié rate was found

o increase as tpe temperature increased. With these results,

r—ra e e



3u

'%he comparative values for thermophiles and mesopﬁiies;

with respect to their turnover rates, may provide'some evid-
ence that the ability to grow under more extreme conditions
may.be associated with a higher intracellular proteolytic
rate and rebuilding capacity.- ‘

It was also suggested by the latter'researchers that
the proteolytic enzyme(s) involved could show increaséd
activity concomitant with temperature increases in thermo-
philes.

When hal&ﬁhilic membranes are subjetted to an "i?n de-
ficit", the membrane proteins may be assumed to suffer con-
formational changes (Brown, 1976) before or during their dis-
solﬁtion but at present only limited evidence attests to this
jdea. It has been observed (Brown, 1961) fhét the isolated

cell envelopes of a marine Pseudomonad is subject to increased

proteolysis under conditions of an "ion deficit"™. This en-
hanced degradation is thought to be related to conformational
changes of the membrane proteins. Brown (1960), in an earlier

Pl

study, found a définite inhibition of a cell wall lytic enzyme
by the polyamine, spermine, and the divalent cations Mg++
and Ca++ . This providea some evidence of a predominately
electrostatic effect and led to the suggestion that conform-
ational changes were initiated by exposure of negative charges

of the residués comprising the protein in marine bacteria;

1 ,
carboxyl groups especially. Although this kind of evidence

-
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is not conclusive, it seems that the potential for struc;
.tural change could be substantial. In either marine organisms
or halophiles, the membranes can be exposed to a very large’
"ion éef;cit," large enough to allow for significant changes ‘
in hydrdphbbic bond strength;.(Tanford, 1973). This increase
in abnormality of structure would surely set the‘stage for
enhanced protein degradation. ‘
Kamekura and Onishi (1973) iso ated a moderately halo-
philic Bacillus strain which was chable growth in-a defined
qifium containing 0.5 - 4.0 M NaC1l, with~dptimum growth at
1.0 - 2.0 M NaCl. It was foynd that a 1.0 M NaCl- contalning -
medium _was optimal for proddctlon of one partlcular ‘extra-
cellular protease they studied. The activity of this enzyme .
produced, after partial purification, was assayed in a reaction
mixture at different NaCl concentrations, Maximal activity was
noted at 0.5 M NaCi with almost no activity being observed at
3 M NaCl. This type of control on activity of 1ntracellular
proteases mgy be of importance, although no reports of thls
are known. 5
The combined studies, relating chaﬁges in solute concen-
tration and proteolyﬁié activity, may demonstrate an iﬁterplay
between protei; conformational changes paralleled by an

increase in activity of the responsible protease(s).

Work with organisms capaﬁle of growth under ynusual
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ranges and conditions of environment,.as seeén, has provided

some infqrﬁative clues as to thé Probable causative factors
| :

aasoeiated with enhancement of protein turnover’and survival

in bafteria. .New approaches and . continued research will

hopefully solve some of tﬁe elusive questions that remain

with respect to protein turnover. .
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GOALS OF THIS RESEARCH

—The laboratory of Dr. D. J. Kushner has, for years,
been concerned with the study of halophilie organisms. The
unusual attributes of the grow%h and surﬁivél of these or-
ganisms has allowed the opening of.man; lines of researth;
protein turnover being a previously unexplored area.

We have been especially interested in the stability of

proteins of halophilic bacteria, since such proteins may come

" in contact with a wide range of salt concentrations. In addi-

tion, the proteins of V. costicola, in general, are more

acidic and less hydrophobic than those of the mésophile E.
coli. (Wydro,'1977). TFrom previous studies, including those

of this laboratory (Kushnerl, 1978), it appears that most of
the enzymes of extreme halophiles and some of those of—moder:
ate haloPhileé are adaﬁted to functionm in the presence of high
salt concentrations. | |

The moderately halophilic bacterium V. costicola was

.chosen, as much previous work on various facets of its physio-

1bgy and molecular biology have been done. This organism has
to survive in environments which probably alter the conform-
ation of some cellular proteins. This latter possibility along .
with information obtained from studies of other organisms

existing in less mesophilic conditions, such as thermophilic
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organisms, has provided the impetus for this study.

The studies presented.in this thesis aimed first at
aséertaining any differencqs %n thg turnover of the pfotéiné
of this moderétely halophilic bacterium relative to non-
halophilic bacteria, such as E. coli. L

Somg experimental approaches were d:;;gned to elucidate
the relevance of environmental conditions on the process.of
protein éurnoveﬁ in V. costicola'cells under different con-
‘dltlons of exponential growth.

Polyamlnes, well known for their strwcture St&blllZlng
éffects on many gellular components, 1nc1ud1ng proteins, were
thought to be of possible reléQancé to.protein turnoveg..Coﬁ-
sequently, a study of polyaminés with respect f6~their effects
on protein breakdown was done in order to reveal any Trelation-
" ship between these molecules aﬁd turnovér.in V. costicola.

‘An initiai a{tempt to paftially characterize the pro-
teins of this bacteriumJGEE’aone in order to look ﬁor.aﬁy

obvious trends relating these characteristics and turnover

rates as reported in various published literature for other

-

organlsms. *

It.is hoped, finally, fhat the presept study w111 offer
information helpful to elucidate the relevance of the pro-
cess of turnover on the existence of organisms under con-

ditions of usual environment.

e

l
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MATERIALS AND METHODS

.

Culture{Main%enance and Growth Media ' . ‘ | o (
Vibrio costicola NRC 37001 was-maintain;;\sﬁjlgar slants,

" at HOC, with subculturing onto fresh agar slants at 8-12

week intervals_gr less. The medium in the agéf siants con- 7 N\
~sisted of 0.5 % Proteose‘Pépfone (Difco), 0.5 % Tryptone (Dif-
"co), 1.5 % Bacto-agar (Difco), and 1.0 M NaCl. Before auto-

claving at 20 1bs/ft? » the pH was adjusted to 7.5 (Forsyth

and Kushner, 19703._ - i ‘

The mineral sal%s-glucose—sodiumfphosphaté (SGS) medium-
(forsyth and Kushner, 1970) was prepared as follows: (amounts
expressed in g/L) NaZHPOQ, 10.86; KHZPUH,\I.IZ; MgSDu.jHZU, P
0.10; (NHM) 0y, 2.0; NHuC1, 2.0; NaCl, variable. The pH
was adjusted to 8.4, witﬁylo N NaOH prior‘to sterilization for
20 minutes.at 20 lbs/ft2 (final pH 7.3). Glucése was added
just before use (final concentration 1 % v/v).

+

Escherichia coli MRE 300 was maintained and transferred

as with l.vcosticbla but the NaCl was omiffﬁé’in the agar slant
‘preparation. | '

Ionic Content of SGS Minimal Medium (1.0 M NaCl)

Na¥ - | 1,14
x* 0.008
Mgy 03agou1
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. : o ' |
Ton . Molarity
NH:' . 0.068
CI- . L 1.014 ‘

~/ o | Pouf‘3 - 0.08
. -2 .
Q _ o80T - 0.015
Culturing

S .
A small amount of SGS - glucose medium.(NaCl as indic-

ated) was put into an. agar slant tube of V. costicola or E.

coli. The colonies were scraped with an‘inoculating loop

. into solutjon. $ubs ntly “the bacteria-containing solution

. s poured into Sbﬂ;f the same NaCl-containing medium.
GroWth, at 30°C was allowed over a tw¢ day perlod A quan-

- tity (0.5 ml) of the latter culture was subcultured 1nto 50

ml of a fresh glucose minimal medium (SGS). ‘' After about 24

hours growth a volume of this culture was utilizeéd as inocu-

lum for experiments. . : .
‘ The preculture was checked for purity using a Wild Mffa//

phase-contrast microscope.
' Cells, for experimental study, were grown at 30°C on
a rotary sﬁaker water bath in Erlenmeyer flasks {;sually 500
o ml) containing 1/5 volume of growth medium. {:;7 |
Bacteria growth was fo}lowed by changes in turbidity as

< measured at 600 nm on a Beckman DB spéctrophotometer. Studies

i were generally carried out with‘@glls in exponential growth

gt
.

ey




]

ulf,\

(0D 6{3 - 0.8) unless otherwise indicated.
600

1] * .

* . .
. 1l microCurie

_Radioisotopie Labelling of Proteins _ ' ﬂ\*_//

‘Cellular proteins were labelled with a radicactive pre-

cursor. In pulse-labelled cells L-4-5-1"

C-leucine (Amersham
Corp., final concentration 0.925 KBq*llmlg specific activity
13 QBq/MoleD was added toeexponentially  growing cells for a
period of 5 minutes. Studies involving long-labelled cells had

an incubation with the isotope for 150 minutes (unless other-

wise specified). After the labelling period, in both cases

. unless otherwise indicated, the cultures were centrifuged

-

very briefly at 10,000 rpm (12,000 X g) with the centrifuge

beiq&hbrought to this speed and immediately shut off. The

resultant supernatant was discarded. Washing of cells was

2C-leucine

carrried out with a small amount (usually 25 mls) of 1
(200 ug/ml) coéntaining minimal medium with appropridte NaCl -~

concentration. Centrifugaf&on-and washing of the cells was

'repeated. Again the resultant supernatant'was'discarded.. Re~

suspension of pellets, after vortexing, in.a small volume of

12

medium (+ 200 ug/ml ““C-leucine), with alterations where in-

dicated, was done to allow continuation of growth at 30°¢C

- with the samé.cellular concentration, OD5=" as measured at

0o
600 nm, of the original culture. ' .

37 KBq (SI units) _,
27.03 mCi '

1.Gb
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Determlnatlon of Protein Turnover

This was deterﬁuned by the conversion of acid- 1nsolub1e
radioactive material into acid-soluble radioactive material
(Goldberg and Dice, 1974; Chaloupka et a1., 197?&"‘&{;i:ter—
vals, usually 0, s, 15, 30, 60, 80, 120 and 150 minutes fter"
“cha51ng" w1th the 120 _1eucine- contalnleé redlum, one ml
samples were taken grd mixed with one ml of 10 % TCA
(Trlchloroacetlc acid) to prec1p1tate protelnsl After 18

hours at room temperature the pre01p1tate was removed by \

filtration through a Mllllpore filter (porosity = 0.22 u). One

ml of thls flltrate was added along with 3.0 ml of Scintiverse
sc1nt111atlon cocktail (Fisher Scientific Co. ) 1nto a Mini-
vial., "Total" radigactivity was determined by putt;ng‘k.s

ml of the culture and 0.5 mi.distilled water directly into a

ME

Mini-vial along with 3.0 ml scintillation cocktail. Samples
were counted in a Beclkman 11qu1d scintillation spectrometer

(LS-233) w1th approprlate window settings for max1mum 1qC—
3

o H- 1sotope courrting. Resultant counts were corrected for )

quench effects .By the "ohannels ratio method" (Wang and Wlllls,

1975). This allowed for correctlon‘ef differences in efficiency
of.countihg with different comPOnent changes ie the medium.

The percentage protein turﬁover at time "t", after chas-
ing, was deterﬁined according to the formula:

TCA soluble dpm at time "t" - TCA soluble dpm at O time

"Potal™ dpm in 0.5¢ml culture - TCA soluble dpm at 0 time’
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The results, in this study, are expressed in terms of

percent of’ total'iabel render
b 4
dicates the percentage of pro

moleculdr weight.

Determination of Cell-free Pr

ed soluble in TCOK,. whlch in-

tein degraded to-forms of lower

~

otein Breakdown in'l. costicola

Growing cells of V. costicola (500 m1 of 1.0 M NaCl medium)

. were either long-labelled (15

0 min.) or pulse-labelled (5 min.)

with luC leuclne They were harvested ana washed, as usual then

broken by sonlcatlon (as desc
tography) and subsequently su

associated" medlum. The medi

-

ribed for DEAE Sephadex Chroma-
spended in H.O mls of "ecell- .

um, in addition, coritained either

tetracycline (200 ug/ml), cyanide (10 mM) or no inhibitor. The:

-

whole cells. The remaining s
30,000 X g then incubated, af

the resulting pellet, in smal

. lysed cells were centrifuged briefly at 12,000 X g to remove

upernatant was centrifuged at
ter careful pdpette removal from

1 test tubes at 30°C..

Samples (0.1 ml) were taken at 30, 60, 90, 120 and 150°

minutes with 0.9 ml of distil

led water being added. Standard

filtration with dilution cobrrections were done to determine the

rate of protein breakdown. 3.
cocktail was added directly t

for determination of "Potal"

0 ml of Scintiverse scintillation

o 1.0 m1 of the cell-free suspension -

padioactivity.

A portion 100 ml) of the 'same culture was assayed for

the rate of whole cell proteln breakdown as_ previously described."
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Figure 2

SDS polyrylamide gél electrophoresis -
protein molecular weight standard curve~/

h ¢

BSA  Bovine serum albumin (68,000 MW)
AD Alcohol dehydrogenase (41,000 MW)
o CT chymotrypsin (25,000 MW)

w2, 1 chymotrypshi‘n with

. 1 % mercaptoethanol (2 chains of li,OOQ
and 13,000 MW)
' L 4

RN Ribonuclease | (13,700 MW)
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Sodium . Dodecyl Sulﬁhate Acrylamide Gel'Eleétrophoresis

~¥ SDS polyacf&lamidé.gél electrdphoresis waé'carried'out

' accordlng to the method of Weber and Osborn (1969). : ’

Supernatants (30,000 X and 100, 000 X g) containing double-
14 T

labelled (150 min. L-U-3H-1euplne then 5 min. C- lau01ne in-

cubation) proteins were prepared by lysis from 50 ml aliquots
isolated from a 1.0 M NaCi culture at 0 and 120 minutes- during
the "chase" perlod.‘ The 1ysed (as described for DEAE S@Khadex
chromatography) and fractionatéﬁrsupernatants were put into

0.01 M sodium phosphate buffer, pH 7.0, with 1 % SDS for 2 hours
at 37°C (1 % mercaptoethanol added where indicated). The SDS
dissolvgs the protelns and gives them a uniform negative charge

—

such that they migrate according to their respective molecular
weight. o Fﬁ#’ﬁ\

Appfoximafely 50 - 100 ug of the cellular protein samples
were applied per tube. Electrophoresis was perfofmed for 5 hours
at a constant current of 8 mA per gel (at 30 V) with the posi-
tive electrode in the lower chamber. Bromphenol blue (1 %) was
added with the proteins. The bromphenol blue is a marker which
migratea‘ slightly faster than pfotéins of 16,000 MW.

After electrophore51s the tubes were put in .50 % methanol.

Next day they were put 1nto a Coohassie brlllant blue olu{ion

(1.25 g of CBB in 454 ml of 50 % methanol and 46 ml of
acetic acid) for 2 hours. They were then subsequently washe
with 7.5 % acetic acid. -

The marker proteins used were ﬁévine seruﬁ'albumin (MW |

: ) ) .
68,00), alcohol dehydrogenase (MW 41,000), o -chymotrypsin

~— X\
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(MW 25,000, 2 chainé of-MW'li,bOO éqd 13,000 in mercapto-
efhanol) and ribonucle;ée (MW 1@,706) (Figure 2).| -
Slicing and counting the proteins in thé gel§mwas done
according to %he methods of Palmiter et gl., (1971). Gels con-
taining different bands of proteln were partlally frozen on dry
ice. They were then cut into discs 5 mm thlck The protelns
in the gels were dissolved by 1ncubat10n with 40 ul of distilled
watef and 0.5 ml of NCS (solubilizer) in tightly capped -scin-
tillation vials at 37°C for 12-18 hours. $cintillétion cocktail
was added to 4.0 ml (total volume) to allow for counting the

ratio of °H to e,

Dlethylamlnoethyl {DEAE) Sephadex Chromatography

A 500 ml (1.0 M NaCl SGS-grown) mid-log culture of V
costicola was initially long-labelled for 180 minutes with
3H—leucine then pulse-labelled with 1L‘C-leucine for a further
§ minutes. Standard washing of the cells wa's carr%ed outAas
described.before with half of the culture. The cells were then
resuspended in S-ml of "cell-associated ion" medium (Shindler
et al., i977) which contained 0.6 M KC1, 0.6 M Né&l, 10.0 mY
Tris-HC1 (pH 70.6), 40.0 mM MgCl,. This suspension was then
.lysed, in an ice bath, with a Branson Sonifier. Alternating
periods of sound, using a micro-tdp, at a setting of 7.5 |
for 15 seconds with rest periods of 60 second5 between

was found to effectively disrupt the bacterial cells. This

sequence of sonification was repeated 5 times. The resulting
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viscous suspension, after cehtrifugation at 30,000 X.g

(30'), was dentrifugéd at 100,000 times gravity for 120

miﬁﬁtes. ThiS'sequenée of steps for lysis and fréctiongtion

was repeated for the remaining growiqg culture after 120

minutes further incubation. (
A-50 DEAE Sephadex was éwelled for 5 hours in 0.1 M Tris-

HC1 (ﬁH 8.3) in a boiling water bath. The swollen ion ex~

changer (capacity of 3.5 meq/g resin) was mixed with an excess

of the §tarting buffer Tris~HCl and carefully poured into the
. . column (60 cm X 0.9 cm) using a column eluant réservoir. - The
gel was stabilized for 5 - 10 minutes. After this the célumn
was filled with starting buffer and connected to a buffer rese?—
voir. An operating pressure of about 1 cm H20/cm height of
gel bed was set by adjusting the column outlet. Two bed vol-
umeg’ of the starting buffer were run throﬁgh the ion’exchanger
bed ‘aliow for attainment of bed equilibrium and stabilization.
All qurations were carried out at 4°C.

One L of the previously prepared lysed cell suspension
with one ml of 10 % glucose was layered onto the column using'
a 5 ml syringe attached in place of the eluant reservoir.

The sample.was initially eluted with a 0.1 M Tris-HC1l
buffer at pH 8.3. A step-wise gradient elution of progres-
sively lower pH levels was done with volumes of 200 ml of

buffer. As a change of pH towards the isoelectric point of

protein is achieved it is rendered neutral and therefore
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cause it to be ‘desorbed and eluted from.the_ion exéhanger.

Each fraction of 4 ml each was analyzed for the ratio of

14 e

3 C and the respective pH.

H to

o

Molecular WeightrExcluéion Chromatography -
! .

Sephadex 6-100 (Medium grade; MW

range 4,000 - 150,000
was swelled in a boiling W;ter bath‘for 5 hours, and. equili-
briated in 0.1 M Tris—HCllTpH 7.5). Two bed volumes of the
Tris buffer was initially run through the column (100 em X
1.9 cm). Cell lysaté preparatibn and addition to tﬂéﬂcolumn
were the same as that described for DEAE Sephadex chromato-
graphy. Elution of the prbteins was with Tris-HCl bdffer with
4 ml fractions .being collected on an LKB fraction cqliector
at 4°C. Each fraction was analysed at 280 mnm for.the deter-
mination of approximate protein level. |

Mélecular weight versus fraction collected was stan-
dardized with 2 mg each of the marker proteins bovine serum
“lbumin (MW 68,000), alcohol dehydrogenase (MW 39, 805), and |
lysozyme (MW 14,316) mixed in 4 ml of the Tris-HCl .eluting

buffer (Figure 3),

Protein Determination.

-

Protein concentration of the ®%samples utilized in the
individual studies émployed the method of Lowry et al. (1951)

using bovine serum albumin for protein concentration stan-

dardization. . _ ///

*,
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Sephadex G-100 protein molecular

weight standard curve

BSA Bovine serum albumin (68,000 MW)
AD Alcohol dehydrogenase (39,805 MW)
LZ Lysozyme ‘ (14,316 MW)
X .
~
v

9
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- Determination of Cellular Polvamine Concentrations

-

N . : ' - .
-The method of Dion and Herbst (1970 ‘was used for the

-~

measurement of cellular polyamine levels.
| A 1.5 L culture, with either 1.0 M NaCl or 3.0 M NaCl,

was pelleted at 12 000 X g for lO minu The pellet was

then . resuspended and washed in the sajtﬂ;QCl -containing medlum
(20 ml) using a cannula-fitted syringe.'\Ten ml of this sus-'
pension was. centrifuged as before and b.u ml/15 mé:net cell
‘weight of 0.2 N perchloric ac1d (PCA) was ‘added to the pellet
This was homogenizedlwith a Dounce hand homogenizer Centri—
fugation was repeated as H!fore, leaving a supernatant which

was decanted off carefully for analysis of polyamine content.i ‘
Polyamines were labelled as follows: 0.2 ml of the PCA’extract
was transferred to a conical centrifuge tube and dansylated'

by the ’addition of 0.4 ml dansyl chloride (30 mg/ml’ aoetone)

and 50 mg Na2C03. 10 H20.‘L Dansylation was allowed to pro-

ceed for 16 hours in the dark at room’temperature. Eicess
daha}l chloride was then converted to’ dansyl prolitie by.re-
action with 0. 1 ml proline (100 ﬂé/ml) for- 30 minutes.rﬁhe
dansylated derivgtaves were extrqcted by the addition of 0. SLJJr

ml benzene, fallowed by v1gorous shaking.

LN
-

Microliter aliquots of the benzene extracts were applied
to- activated (l hour at 110 C) sxllca gel G thln layer chroma-

-togzaphy (TLC) blates., 250 u.

’l

kP
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The‘separation of the dans%l p01§amines'waé effected by

development in éthylacetate/cycll ane (2:3, v/v), followed’

. immediately by spraying thé developed TLC pl3te with tri-

# Er : - .
ethanolamine/isopropanod, ‘1:14, v/v) to enhance and stabilize

(Figure 4) fluorescence. The coated plates were then dried

A

-in vacuo at room temperature for 16 hours in the dark. After

equiligpiuﬁ at atmospheric pressure Tor 1 hour, the TLC plate
- » )
was’geady for fluorometric scanning.

Direct quantitative analysis of fluorescent intensities

‘were obtained with a Turner Model illifiaaiometer (G. K.
Turner Assoc.) euipped with TLC scann ?\and/;;;;;Aer. The light

s _ b
source employed was a 13Pg:aan\i;:::: (Turner Catalog #1104
350). Activation at 365 mu. was el ' ed with a Turner Pri-
mary filter 7-37. - Turner filter #2A-12 sé}ved as the Second-

: - -
ary filter, allowingstransmission of wavelengths longer than

512 mu (figuﬁe.#).
: N 5




Polyamine Silica gel G thin layer-

chromatography .R; values

Separation of polyamines on silica gel G

thin layer chromatographic plate.

-

Note: no spermine was found in Vibrio costicola

-
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@ cadaverine

- @ putrescine
25 | -
| @ spermidine

[ ) spermine’

', -.acetyl amines

¢ 1.not found in V.costicola
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/\/ . RESULTS 0

Protein Turnover o : l .

s ——

& AR initial assay of the rate ‘of turnover of both long-
and pulse-labelled proteins .in V. costicola-was.done to ob-
tain some indication of any unusual values relative to those
of previously puflished data regarding other organisms.

Figure 5 presenting an individual expefiment shows the
time course of turnover of pulse- and loﬁg-labelled proteins
in V. costicola growing exponentially in 1.0 M NaCl medium.

Several experiﬁents with V. costicola érowing in 0.5, 0.7,
1.0, and 1.5~M NaCl are‘summarized in Table 2. It was noted
that the initial turnover rate of pulse-labelled 1.0 M NaCl-
growing cells (abouf 5 $/hr.) was substantially higher than
the rates reported for other orgaﬂisms (Goldberg and St.

John, 1976). For long-labelled cg}ls the rate was much
lower, about 2.5 % in a 2.5 hour period. '

A determination of the effects of cultural conditions oﬁ
isotope incorporation was carried out by measuring the actual-
amount‘of 140-1e€cine incorporated ﬁér mgrprotein. In V.,
costicola the améunt of radioactive leucine incorporated cor-
redponded to 16.3 ¥ 5.8 nmol/mg protein for pulse-labelled
cells and 46.3 ¥ 7.0 nmol/mg protein in long—laﬁelled cells

4 - ‘
(values obtained from 3 experiments utilizing 1.0 M NaCl cells).
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Incorporation of this radicactive amino acid was found to
ﬁe similar in 0.5 M and 1.5 M NaCl growing cells. . Incor-
porations of 45 ﬁﬁollmg‘protein and 12 nmol/mg protein was
found in 0.5 M NaCl long- and pulse-labelled cells, ress
pectively. 1.5 M NéCl growing V. costicola exhibited an in-
corporation of 20 nmol/mg protein jarpulse-labelled cells.

| Table 2 shows a similar rate of degradation for cells
growing in 1.5 M NaCl compared to 1.0 M NaCl cells. However,
sigrificant d;'.fferences are‘.found for cells growing in salt

10 M. Elevated levels of protein

. S0 _
turnover, in pulse-labelled gells, became évident in 0.5 M

concentrations less\than

“and 0.7 M NaCl growing cells of V. costicola (Table 2). In

all of these‘experiments, the rate of turnover of long-~

labelled proteins remained low {usually no more than 2.9 % &

over a 2 hour period) éﬂéﬁdid not change with NaCl concen-
tration changes in the medium.

In long-labelled V.. costiéola any rapidly turning-over
fraction must be degraded and resynthesized in the presence
éf ;uc-leucine. In the protein turnover experiments, in this
study, this fraction would only represent a small part of the
total calculated rate. |

The turnover rates- of E. coli were also studied'in order
to determine some comparative values between V. costicola

-

and a non-halophilic bacterium. The turnover experiments are

+

summarized in Table 3. E. coli growing at 30°C in minimal
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Protein breakdown in pulse-labelled and

long-labelled Vibrio costicola growing

in 1.0 M NaCl SGS medium
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TABLE 3

Turnover of proteins in E. coli

~

al : -
cjggitions % -Protein breakdown at time (min)s

Pulsed in Transfer to - Long-labelled
NaCl (M) NaCl (M) 30* 60' 90' 128 150* proteins at 150°

0.0 0.0 0.8 0.7 0.7 0.9 1,0 0.0
0.5 0.5 3.6 2.3 2.6 2.4 2.8 0.6
1.0 1.0 11 1.5 2.5 3,0 3.1 0.0
0.0 0.5 T0.2 1. 1.3 1.3 0.9 - 0.4
0.0 1.0 % 0.0 0.7 0.8 1.1 095~ 0.0

PP

L T s

Pulse-labelled broteins except where indicated.
b Transfers utilized cells subcultured three times pgior to
pulse-labelling and transfer.

-
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‘medium withqpt ad@gd NaCl had a very low rate of turnovér

for pulse-labelled proteins (1 % in 150 minutes). In one

experiment.in-which cells, after puﬁgg:labellipg, wére transf

ferred directly into medium’with either 0.5 M or 1.0 M NaCl,
i ‘- ; the breakdown réfe of protein did not change élthough the
gﬁowth“rate decreased. In another experiment, cells were
subcultured séveral_times in medium containing 0.5 M or 1.0

M NaCl. As Table 3 indicates, a'slightly higher rate of

" breakdown was observed in the higher salt concentration,

e L e

althougﬁ:E%e rates were considerably lower than those found
~in V. costicola. In addition, there was practically no:furn-
. over of long-labelled proteins in E. ¢oli under all cultural

conditions.

« Effe¢t o erimental Maﬂipulatidns'and Conditions on

Prothn Turnover:

<

Protein turnover rates, as explored B& the stated method

R P TR P |

(Materials and Methods section), could be subject to variéfggzg

R S

which may be the result of the expérimental handling of the

—

! | - cells. It was for this reason that turnover was analyzed under (

alternate conditions of procedure to elucidate the effect

of these extraneous factors, if -any.
(A) Changes in Washing of Cells:
A 1.0 M NaCl culture of V. costicola was pulse-labelled

p

r

TR B A er st s am b B P A e
1Y
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_results seem to.indicate that centrifugation tendg,?o lea

B el L hal o bt s Sk LA -Ch i LRttt e sttt

o | A
. . : : . ' . ..‘ A -l .

witHWE.standerd amount of 1uC'—-}leucine.%-All other procedures .

of "chasing"'with hon-fédioaotiv leucine ;£d determination

of protein turnover were cerried out. However, no cenfrifugf‘- .

ation of the "pulsed“ culture was done. ‘This s done as soﬁe

fear that the centrlfugatlon procedure (at 12,900 X g) mey

have affected the cellular level of 1sotope (“squee21ng—out“)

'er that the well-being of the cell was in Jeopardy (affectlng

- 4
growth rates). ‘

.

The level of protein turnover is shown ifi Table 4. \i@e

to lowered rates of turnover relatlve to cells that are mani-

4

pulated under standard procedures q;thout centrekugatlon. Thls'
procedurd, as indicated by measured generation times, does
not,elter to any epﬂ%eciable level the growth rate relative

to centrifuged gells.” The eppearance of higher rates in non-
cenérifuged cells ab§>be indicative of some anaerobic conditions .
being created leading to‘disruption ef an energy:eomgopent
necessary for this phenomenon (this will be dealt with in

- 1

detail later).. &

(B) Effectivéness of 12¢_1eucine ("Chasé") in Preventing
Relncorporatlon of 1%c_1eucine: L

Tha_non-radioactive leucine added in the "chase" period

. - ' ~ .
following labelling of protein with %0 _leucine was used at

_a concentration of 200 ug/ml. It was crucial to all exﬁeri-

-
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* ments that this concentr‘ation of non-radioactive leucine ° =~

# _' _'. i . [
ghould effectively compete w1th ;be uC-leuciné for incor-

poration:into protein in order to obtain Valld turnover rates.

™ -
Y If the Yo teucine was allowed to b elncorporated-

:

during this period it would 1ead to lower apparent levels of

"proteln turnover, Slnoe 1t was known fthat chloramphenlcol

(100 ug/ml) effect1Vely 1nh1b1ted protein synthe31s (by at

, least 90 %) as measured by 1ncorporat10n of ¥ C-~leucine (see

section on_Proteln Turnover and Inhibitors), while not affect-

ing levels of turnover, this antibiotic was used to test the

. competition betwegn radioactive}iﬁrcine versus non-radiocactive

leuc?né into protein.

. A 1.0 M NaCl culture of V. costicola was grown, then trans-

ferred, after standard labelling and washing} into either a
|

0.5 M or 1 5 M NaCl medlum with 'or without chloramphenicol

‘but both’ cOntalnypg 20 leucine (200 ug/mg). If l4¢_1eucine

was being relncorporated durlng the "cn:Egﬁ period th18 would

be seen by1an apparent.hlgher level of protei kdown in the’

.chloramphepicol-containing culture than in those without \this

antlblotlc.,

The rates of. breakdown were calculated in all cultures

'

. (Table. 5. The data show effectlve-lnhlbltlon of C leucine ﬁ

:relncorporatlon durlng tﬁe chase)perlod since ‘there wene

V1rtua11y 1dent1cal rates ofbreakdownln chloramphenlcol~

contalnlng and Control cultures. .
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(C) Growth Phase versus Rates of Protein Turnover:

Ip all studies in this thesis, unless otherwise indicated,
the cells utilized were in the logérithmic'ghase of growth
(OD600 0:3 - 0.8). Nevertheless, genera;ion times were foundn;
to differ,.at ?imesa from one batch of log cells to anotﬂer.
It was thougﬁt'that tﬁe variations from one experimeni to an-
other in thé rates pf turnover may have been dué to the res-

&~ pective generafions times. In one experiment‘the effect of

600

P . .
the phase of growth (as measured by turbidity 0D ) and
the actual geheration times were compared with resPect. to the

iy

Py i g ey s

" pate of protein turnover. Portions of a 1.0 M NaCl culture of
S .

.+ V. costicola were isolated at different optical densities

ST ST

‘(ODGOO)'and assayed for:their respective rates of protein de-

gradation and gro;th rates (Table 6). |
The results indicate that the phasg of growth (either

gxponen%ial or statipnary) or generation times did not appear

to significantly affect the Tlevels of proteolysis. The use

A drm e ¢ T P e

of log phase cells.in this Stﬁdy ensured as little variation
L . . "as possible, from these factors, to alter the rates of pro-

. tein degradation..‘ s .

b o 7 .
Variation of Salt Comcentration and TurnoversRates®
. . ‘ n

o c*‘ﬁ\\ Various halbpyilic ﬁrotéins (Bfown, 1964a; éhindlef, .
S 1976; Rossignol, 1978)'ﬁave been shawn to Jkgyire elevated -

M s Y e 5 e o o e s - -
s
B B
. .
s
1)
1
r
—_—
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salt concentrations for maximum stability whereas others
"érefer“ less saline environﬁente-

i In'a number-ofﬁexperiments (Table 7), cells were either
p#lse—labelled or ;ongélabelled while growing at one.N 1

cohoentration, then centrifuged: and resuspended in. fxre

of a dlfferent NaCl concentratlon.. The results demo strate

that the rate of turnover of pulse—labelled protelns is deter-

mlned by the salt concentratlon in which the tells are in-

'cubateé:\rather than that in which they were labelled. There-

).

fore, cells pulse-labelled in. l 0 M NaCl then subsequently
transferred to 0.5 M NaCl, showed the higher turnover rate
characterlstlc oﬂ?&he lower salt concentratlon. The reverse
was found to occur for cells 1abelled in 0 5 M NaCl and then
transferred to 190 M or 1.5 M NaCl. As noted before, #? a1l

cases, the turnover of long-labelled protelns remalned low.

3 Growth before and after-transfer' ‘was measured in several

of the above expenrfiments. No major ‘or consistent changes .were

Y

noted upon transfer to the game or dlfferent salt concent-

|
ratlons. Also there was no correlatlon, either p031t1ve or

negatlve, between the growth rate and the rate of proteln

i.

tf urnover.

|

| -

Effect of Inhlbltqrs on Proteln TurnOVer"
|

) . .
The phy81olog1ca1 state of the cell-—sﬁéh as the 1eve1e-
‘ P .
| - !
B " Cot S -, y ' ¥

‘medium °

~
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of,energy.or protejn biosynthesis, haﬁe.been found to affect
the level of protein tqpﬁover.in many picroorgahisms"(@old-
befgkzcd_St. &ohn, 1976)a“‘fhlboth E. égli‘ahd,'mammeligﬂ : i' .
cells; intracellular protein degradation can‘be'fnhibifed»by ’
agents which perturb the.cell‘s energyu— generafing or pro-
tein bie nthetic mechehiem55

A cZépapison was made with Vscosticola, with respect
to other orgaﬁisms (ﬁubl shed data) of Egé effects of inhibitors
of prcteln synthe51s and cellular energy generatlon on pro-
tein turnover. The antibiotics tetracycline (100 % ip-
hibition) and chloramphen:col (90" %, 1nh1b1t10n) bofh‘at 200
ug/ml, were found to. completely or almost completely 1nh1b1t -
- protein synthe91s respectlvely in V. ggtlcola, as measured

L

‘by 11*C :leucine 1ncorporatlon 1nto the trlchloroacetlc ac1d in—

+

soluble fraction R. Hipkiss, personal communlcatlon)
‘ X .

In a Standafd-experiment»the celle,\affer "ohasing" were
further incubated in the presence of tetracycline (200 ug/ml).
&

Tetracycline was tzzf:;nhibitof&'to the rate of tuﬁnover in E'.

costmcola (Table This result was found to agree with
#

?:'llehe.d data. (Cdshel, 1975; Goldber-g and St. &n, 1976)
s A
u

e to the marked level of 1nh1b1tion t0. the rate of fhrn---

over brought about by this antlblotlc 1n E. COll.

- -

p In another experlment tetracycllne (200 ug/ml) was adde
2 - .,
to pulse labelled cells grow1ng 1n£i 0 M .NaCl at. dlffer £

tlme points dur;ng the “chaee“ perlod Flgure 6 shows that ;

\\'

- . . ' . " * .
. ) M . . . . L .
. ' . . . . : - . .
- ‘ " . . . - .
. 4 - ' . . .. .
: T . - . . N v i ; L. . -

. * . .
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" Figure 6 \ ‘
. r '
Effect of tetracyclihe on protein
reakdown in Vibrio costicola
To pulse-labelled cells in medium wi
1.0 M NaCl, tetracycliﬁe (200 ug/ml
was added at the times shown.
Control, no tetracycline 4
. f
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, : TABLE 8
‘ .
Effect of metabolic 1@1bitore on protein
‘ ‘ L ' brekdown in ¥, costicola \
| . §
. : b }
‘ f , Inpibitora \ % Breakdown at time: '
, .30 / % Zhhibition 60° % Inhibition
Control’ 3.5 } . 6.9 . :
tetracycline (200 ug/ml) 1,2/ 66 1.9 72
Control 2,7 6.2
Al
+ DNP' (0.2 mM) 2.8 0 ) 6.2 . . 0
" +CN (10 mM) 1.2 56 3.2. 48
. g
' Control C 2.7 5.1 .
. + lodoacktate (10 mM) - " - T 5.3 -0
[y ! -' 4+ .
; . Contzpl ks C 9.5
+ azide (100 ug/ml) '5.0 0 T 10,5 -, 0
+ chloramphenicol -~ . . 5,0 0 10.5 o
. (200 ug/ml) _ _ e ' .
/ - Control (0.5 M) . 4,8 . 74
+ chlgamphenicol b7 ' 0 . 6.8 . 4
(2 g{ml) A . C
Control (0.5 ) 2,1 . 3.5 -
-+ chloramfhenieol - . 2.2 o 3.6 0
(200 ug/ml) - , R :
a All experimente done 1n 1.0 M NaCl medium except as indicated in last
tuo experiments. ' ’ . : "
~ } .Breakdown of pule'e-labened proteing,
. . ‘ . N T
. . Ny
- T ) __—

a
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;this antibiotic acted quickly aﬂa effectively to inhibit °
further degradat;on of proteins. |

Chloramphenical, used in cells of E. ¢oli deprived of
glucose, can inhibit protein breakdcwn fhibkiss, 1978; St.
John et al., 1978)1 -This agent, while-effectively prevent-
ing protein synthesis, did not affectturnoverin:l. costi-
"gglg at any sgit concentration with glucose added a%ablé 8,
 Table 5). | | ‘

The degradatiqn of abnormal p;oteiné, that can'occur'
spontaneously or be induced (by incubatioq with amino aci;
 éna1ogs for example)-, in E. gglixié inhibited by the addition
of azide (Ni) cyanide (CN7), 2-4-dinitrophenol (DNP) and
other agents which 1nh1b1t ATP synthesis (Goldberg and St.

John, 19763 Olden and Goldberg, 1978) whereas "normal" cellu-.

lar proteins are not affected by cyahide additions, if gluddse

» -

N\

is present. Results with various inhibitors of ATP synfhesis‘

-

'on the rate of turnover of pulse labelled protelns in V.

costicola did not lead to a marked 1nh1b1tory effeagﬂexcept

for cyarjpde (Table 8).. 'It was found that cyanide lowered the

rate of turnover about 50 %, The other agents tested, in-

cetate, had v1rtually no significant

effects on this rate.

. Inhibition of Streptomycin~i

uced ' Erronecus-Protein Breakdown:.

.
N * ¢t @ -
In'V. costicola tetracycline and cyanide are seen to %.

-
[ B T
. . ~
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inhibit the 'rates of turnover. If a hiéher cellular concen-
tration of abnormal proteins was responsible for this elev--'

ated level of turnover then the effects'of these inhibitors

upon‘induced abnormalwproteins was thought to be of interest.

‘Streptomycin, an aminoglycosyl aEEFbiotic, while pre-
venting the binding of amino—acyl-tRNKXQauses miscoding and
concomitant production of erroneous protelns (Davis et al. ]
1974). rﬁ%her -metabolic effects are: the inhibition of proJZ::\\

syn%he31s, at high concentrations, and 1ncreased RNA synthepls.

-

~of 1nterest1ng conbequence upon the bacterlal cell is "anomolous

incorporation of 1ncorrect amino acidg: into p?oteln during
s&nthesie thus-leading to abnormal ﬁrotein production (Gale
et al., 1872). In E. coli dihyérostreptomycin causes a stimu-

latlon in proteolysis, probably due to an increase 1n trans-

" lational errors leadlng to abnormal protein productlon (Gale’

et al., 1972; Hipkiss.and Kogut, 1873).

A 1l.0 M NaCl culture of V. costlcola was pretreated for .
thlrty minutes with d1hydrostreptomyc1n sulphate (50 ug/ml)
which is only sllghtly 1nh1b1tory to proteln synthe51s as
measured by incorporation 1nto TCA 1nsolub1e mater1a1 (A. R,
Hipkiss, personal communlcatlon) The cells were then pulse-

o

labelled -and standard washlngs theﬁ;sigsled out. oAfter re-

in a small quantlty of 120-1euc1ne-conta1n1ng

suspensio

Cl.and free of streptomy01n) the cells were

L

dlum w1thout 1nh1b1tor or with tetra-

ﬁedium (1.0

1ncubated elther 1n

-



' Figure 7
? -
Effect of streptomycin and other 1i{hi}q:'r/tors§"

: _ " on protein breakdown in Vibric costicola

growing in.medium with 1.0 M NaCl.
L | c " control
¥ . . - - . -
i : . LN
8 streptomycin sulphate (50 .ug/ml)
‘ ' mtracyc_line (200 u‘g/ml)" "
iCN " cyanide (10 mM)
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\ - . . » .
: The results (Figure 7) .show that pretreatment with
streptomyc1n of V. costicola, leads to a marked stlmulatlon

of the rate of protein degradatlon. The two 1nh1b1tors, cy-

. anide and tetbacycline were found to inhibit this stimulated’

. ~ ‘ N . ; o
rate of degradation of the presumably abnormal proteins prosx
. ] . : *

duded as a result of &treptomycin treatment.

” - \‘ i' . , = ' " .

. v N . -

Various studies Wifh'different carbon, or ‘energy, sources
have -been dore with E;‘Egli inoorderftd evaluate the'éffects
of-oepiefionvoffthe cellular sﬁnnly of energy'on protein'
breakdown (Goldberg and St John, 1976, Clden and Goldberg,

1978)

The glucose analogue o - methylg1u0051de is phosphory-

lated then dephosphorylated by the oell w1thout further meta-
bollsm; ThlS cycllc process serves to rapldly exhaust the cell‘
hlgh energy phosphates. The degradation of abnormal protelns,
in E. coli is only affected'by this agent in the absence’ of
giueose;. ‘ . -

“Alternete forms of carbon sources,-such as succinate,

havé also been utlllZEd in prev1ous studles (Kow1t and Gold-

berg, 1977). "Succinate does not allow energy for growth

oy
thfough glycoly51s, while not 1nh1b1t1ng resplratlon or the
so-called “energy-rloh—membrane state '_(ERMS). E. coli

- o j .

e

e



* grown with succinate as the only carbon source experiences

4
$ 2

]

L} IS ° El

no }eduction in the rate of’tuﬁnover unless agenfs sdch as
cyanide or ahagrobic conditions are-ﬁresént.

V. costicola was grown in a'1.0 M NaCl medium with 1 % .
tv/v) glucose beiné present. After “pd*;;ng" the cells with -
radioactive leucine they were deparated filtration on a
0.45 u (Millipore) filter and washed'with medium (1.0 M
NaCl) lagkipg glucosei The washed pellet, afterfbeing're-
sdspended in a small amount of medium lacking glucose, was
intcubated ih‘;zc-ledcineacontaiﬁing medium with either glucose
(1% v/v), ok -Imethylglucéside (20 mM), or succinate (20 mM).
Cyanlde was added to flasks, dupllcatlng the ‘above condltlons,'
to evaluate the effect of reductlon of celifigr respiration
and-simultaneous depletlon of cellular energy.supplles. The

K - methylgluc051de led to a lowering of the rate of protein

degradation in V. costicola. The same results were found with

E. coli (Olden aﬂd Goldberg., 1978) while using cells incubated yith

canavanine (an amino acid -@halogue of arginine producing ab-

_normal proteins) in the absence of glucose only. g

V. costicola was incubaéed in succinate which revealed
a substantial rgduction in the.raté'of the protein turnover.

In both cases of 6( - mefhylglucosidé or succinate addi-
tion, the rate of tunﬁoéer was seen to be reduced in V. costi~ .

cola. Table 9 also indicates that V. costicola when inctu-

bated with succinate and cyanide demonstrated little change

_[-

L
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LN

in the level of intracellular degradation of protein compared

to succinatei!nly-iﬁcubéted cells. However, cyanide and ob—
. ; _ '
© - methylglucoside, added together, appeared to have more of

b

a striking inhibition upon this brocess., In E. coli the com-

bined effects of Ok - methy1g1u0051de and cyanide leads to an_

ATP reductlon down to 2 - 3 % of a grow1ng culture (0lden
‘and Goldberg, 1978).  Since these agents have the same effect
in V. costicola then quite possibly the substantiai'loﬁering
of cellular high energy phosphates disruptsﬁthe-ppocess,of
‘turnover of protein, The results presented for V. costicola
seem to follow, &or the most part, fhe-patterns obtained with
E. coli possessing‘high cellular levels of abnormal proteins
and not those found under‘conditions of biosynthesis of

"normal" proteins,

Modulation of Protein Turnover by Differant Time Transfers

aﬁH‘Salt Concentrations:

Normally, V. costicola, when transferred to a medium

with a lower salt concentration (0.5 M NaCl), demonstrates a

S
stimulation in the measured breakdown rate. The question of

continuation of this effect upon reinstatement of higher salt
concentrations was of interest.

‘ -
An experiment was designed to elucidate the effect on
. ‘ -~
turnover of exposing pulse-labelled cells to a low NaCl con-
centration for different periods of time. V. ¢osticold was

pulse-labelled in a 1.0 M NaCl medium and handled according

[ TN
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Figure 8
.‘Q "e
Modulation of protein breakdown by different
* [ 4

time transfers and salt concentrations
A -

closed dircles 1.0 M to 1.0 M NaCl at.0 min.*

open boxes 1.0 M to 0.5 M NaCl at 0 min.
diamonds 0.5 M to 1.0 M NaCl at 15 min.
triangles . ~ 0.5 M to 1.0 M NaCl at 60 min.

*Time refers to period following the end of

" the "“pulse" with ll+C-leucine.
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78 _ .
to standard procedures. Thege cellg were subsequently in-
cubated in 1.0 M or 0.5.M NaCl lmmeﬁfately following the -
"pulse" perlcd. 'At 0, 15 or 60 minutes the 0.5 M NaCl cells
had NaCl added to increasge the molarity to 1,0 M NaCl

final concenukation. : | d
B Typical stlmulatlon of intracellular Proteolys1s was
evident in 1. 0 M NaCl cells transferred-to 0.5 M NaCl at O
minutes fcllowing the "pulse" period (Figure 8). V. costi-
cola seems to undergo a slight inhibition of this stimulation
when chsngsd ..cack tc 1.0 M NaCl both at 15 and 60 minutes
- after the initial transfer into the lower salt medium.

The rate of turnover upon relnstatement of the optlmum
level of NaCl (1.0 Ml appears to return immediately to a
slightly lowered level (although still higher than‘fhe Control
1.0 M NaCl culture)? The " :early changed " cells @%;5 M to
1.0 M NaCl at 15 minutes) are found.to return to lower levels
but are sfill higher than the control. The twé time periods

following the change*. at either 15 or 60 minutes show approxi-

mately the same deerease in the rate of protein breakdown.

Delayed Transfer of 1.0 M NaCl-grown V. costicola into a

0.5 M NaCl Medium:

These studies suggest that transfer of V. costicola
from 1.0 M (oﬁ 1.5 M), NaCl into 0.5 M NaCl results in a sti-

" mulation in the turnover rate of pulse-labelled but not
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long-~labelled proteins.

‘ ‘In‘order‘to determine the duratioﬁ of incfeased.prof
'teolyfic susceptibility of pulse;labelled proteinsito a
lowering of the NaCl concentration.%he-perioda ;f tra%sféb to
a iower salt conﬁent%ation was altered. Cells, which were
pulse-labelled in 1.0 M NaCl and tfansferred to 0.5 M or‘}.o

M either immediaigly, at 15, or 60 minuteS'féllawing removal

of the isotope, were assayed for their respective rates of . .

- -

turnover, ' . .

| It was observed (Table 10), following a .délay in the -
transfer of lwb M NaCl-growﬁ E; costicola into a medium qf
lowerlNaCl concéntraticn, that a portion of the protefns
ipitially present were 1e§s susceptible fo fﬁe stimulated
degradative .activity. Transfer to 1.0 M NaCl-éfoﬁn cells,
at 0,15 or 60 minutes post-pulsing, into fresh medium of the

same NaCl concentration appeared to have no effect on turn-
. . ) s

over rates.

Fl

In general, the results indicate that later transfer -
of cells ()5-or 60 minputes after pulsing) to a mediinh of low-
ered NaCl concentration (0.5 M) leads to progreSsively lower

rates of ﬁrotein breakdown for pulse-labelled proteins.

Guanosine Tetraphoéphate (ppGpp) and Temperature Effetts
on Protein Turnover:. _ ' A




! 81 o -
(A) ppGpp Effects
. }

The cellular levels of guanosine Eetf;phosphate (ppGpp)
' has been shown to be_bor?elated Qirectly.witﬁ the rate of'
protein turnover and indirectly with the rate Qf stéble RNA
synthesis in ma;y bacteria (Edlin and Donini, 1971; Caghel,
1975; Goldberg and St. Jéhn, 1976; Martegani and Alberghina,
i979). * ' &

T

In E. coli the physiological concentTﬁfTUn*Bf-pﬁGpp

is 10 mM under conditions of carbon source starvation (Edlin

r [

and- Donini, 1571) compared to only 1 - 2 mM under optimum
growthkconditioﬁs. |

It was of interest to see how the rates of breakdown in
V. costicola could be'affected by ektraneous‘additiqn,of this
nucleotide (10 mM) in 1.0 M and 0.5 M NaCl-growing, pulse-
Iabeﬁled cells. Table 11 clearly shows a substantiai stimu-
lation in the measured turn;ver rate in both 1.0 M and 0.5 M
NaCl cells. It was noted that the 1.0 M cells showed a gradu-
ally higﬁer lgyel of degradétion with time. However, the
0.5 M cells showed an immediéte elevation.(eé. 10 %) of the
fate which continues to quickly rise to a relatively high
peak value followed by a slight decline (at 165 minutes). The
growth of V. costicola, as measured by the increase in tur-
bidity (ODsdB), was somewhat inhibited (about 25 % increase

i . .

in doubling time) by the addition of this nucleotide. This

may be due to a restriction the formation of stable RNA by
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« ppepp (Martegani and Alberghina, 1979).

]

(B) Temperature Effects

Another feature which hag.been attributed to enhancing
" the rate of protein bredkdown is the role of hydrophobic

bonds in maintaihing protein structure (Katsoyannis, 1973;
Goldber'.g and Dice, 1974).
It hag been demonstrated in V. costicsla (De Médicis and
;Rossignol; 1977; Rossignol, 1978) that pyfuvate kinase, in
" vitro, has a lowered énzymié'activity as the temperature is
lowered from 30°C to HOC; with progressive ﬁégaiﬁ of acti-.
vity upon temperature.reversai back_tp.30°C. This wés posé

tulated to be due to disruption of hydrophobic ;pteractiphé

. 4
-

in this enzyme.

V. costicola, in fge preseﬁt study, was assayed both at
30°C and 20°C to determine tﬁe effect of dlowering the tem=-
perature (without affecting the growth rate) on the rate of *
protein degradation iﬂ zi!g: . .

The lowering of theﬁtempera?ﬁre to 20°C was foun% to
slightly increase the generation times of botjf 1.0 M and
0.5 M NaCl-grown cells. .Table 11 indicétes the generation
. times. of the 20°%¢ grown celis was only slightiy‘longer in both
the.l.O M'éng 0.5 M NaCl cells (2.8 and 3.3 hours reépectiveiy)

1 -
growing at 30°C. However, the rates of protein turnover in .

the 1.0 M NaCl culture_(QOOC), although higher than Control

.

T



8l

cells, is markedly lower than the 0.5 M NaCl cellg growing

at:20°C. A substantial increase in the rafe‘of tupnoﬁer of
protein is seen (3- u.fold) with 1;'603ticoia incubatéd_in 0.5
M NéCl and 20?6. As will be discﬁssea in détaiI'later, the’
phenomenon of “cooperétivity" of bond breakage- (Lehniﬁger,
1975) may be resulting in protein structural changes., Ele-

*

vated rates of -turnover-may be—-the-result of fncreased struc-
-,--_‘ i . , ( )
. tural accessibility of -the unfolding proteins to proteolytic

enzymes. : .

Y
-

The combined effeéftdf a lowered salt coﬁbentratigﬁ"and
a lowered témperature seems to substantially increase the
rate of protein degradation relative Eo.tﬁe 1.0 M NaCl cells’”
at 20°C ana 30°é. This may be an interplay between the
hydrophobic bonds and ionic interactions of ceilglar pﬁotéins
Peingfdisrupted‘and thgrefore leading toincreased struct@ral

accessibility to proteolytic enzymes.

Polyamines and Protein Turnover: T _ _' .

The pblgamines spermidine, spermine, putrescine and
cadayeﬁin? are‘hoh—ﬁrqtein nitrogénbus.bases that are-widély
Idistributeg in nature‘(Tabor, 1958; Dion and-Hébbst, 1970).
The predence of high concentrations of po}yamines in bacteria,

such as E. coli, even when grown on minimal me@éum (glucose-

gsalts) supports the idea tﬁat"thése-substances'are'important.

e &



a minimal ﬁedium, does n;;fuzua*&y develop extra biosyn- -
_ thetic pathways unless tHe products synthesized are essential

\._- Yogs

3 B [ 4

biological comﬁounds. Generally, E. coli, when grown on

L

£of the organism (Tabor and Taber, 1972).
" The polyamines have béen impiicated in the stabilization,

of many bacterial structures i cluding, for example, sphero-

plasts and ribosomes “(Colbo et al., 1961).
The main concern of the présent study with respect to:
polyamines was their pofeﬁtial tq‘lbwer'broteih tgrﬁfver due

to stabilization of cellular protein charge interaction, pos-
- . . .l_"‘.. . '

sibly brought aboﬁt byfthein pbiyéationic‘natufé. fThis neu-

r

tralization could lead to counter-ion shiglding,feSulting,in
mPre.struEturally stable proteins‘concPhiféﬁt with' a lowered
protgolytic susceptibility. '(l !

This facet.of the study involved fifstlyla determination
of the cellular level of‘ﬁ01yamines at different NaCl Sqncenju
trations in the medium.- Secondly, the effect of polyaﬁihes'
on,the process of intracellular protein degradation waé
studied. .

The concentrations of polyamines in V. costicola grow-

ing in 3.0 M NaCl are essentially double those found in 1.0

M NaCl-growing cells (Table 12). Itnéhoul v1also be noted

that these concentrations for polyamines in V. costicola are
~- ' : s .

many~fold higher than those found for E. coli'’(Igarashi,

1975). These unusually high'concentﬁationé of,polg?mines

Y

in V. costicola, growing on a minimal medium, ﬁerthhoughtg
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to be of s¢mé,significance. Therefore,.the next approjch :

involved standard determingticn of prdtein breakdowh in

E.'costicola, growing in 1.0 M or 0.5 M NaCl medium, With
the addition of Egtrescine,(lO.mM) (Taﬁle 13).

The 1.0 M ﬁ%Clhgrowing cells’, with putrescine added,
exhibited a defiﬁi;e lowering of the rate of protein turn-
over. Putf;scing caused a marked inhibition ofhturnover in
0.5 M Nacl. This-polyamiﬂe, therefore, appeégs to inhibit
the cellular ledélfﬁf_protein degradation expecially in V.
.costicoia cultured in 0.5 M NaCl, This effect is seen to
occur within the .early time period after incubation with
putrescine in: 0.5 M NaCl but only becomes evidentlgftef 60
minutes post-puléing in 1.0 M NaCl.

\

Cell-free Protein Degradation in V. costicola:
J. tostlicoria

T

Va&ious researcheés,have had difficulty in obtaining
in vitro systems capable of exhibiting significént levels
;f prétein degradation (Goldberg and St. John, 1978).

Work wifh V. costicola (Shindler,\IQ?B; Wydro, 1977)
has‘resulted innthe development of a successful in vitro pro-
téin synthesis system. This latter System proved useful
to elucidate many questions relative to growth in environ-
ments of elevafed ionic concentration. It was for fhis reason

~——%h§t.development of a cell-free system for study of protein

degradation was attempted.
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Cell-free protein degradation in V. costicola

Conditions

% Protein degradation at time's

30" 60" 90°* 120' 150°*
. 3
Whole intact cells® PL® 5.9 9.0 9.8 10,9 12,1
' 11°- 0.0 0.1 1.5 3.0 3.0
. ) .
. (kn
Cell-free system in PL 0,8 2,6 3,0 4,1 5.2
cell-associated ion -~ LL 0.0 0.5 0.5 0.9 \\\3.0
medium ' ‘
Cell-free system + PL 0,6 1,9 3,0 2.1 . 3.
tetracycline W LL 0.0 0.0 0.0 0.1 0.
(200 ug/ml) ' '
Cell-free system + PL 2.8 2.4 - L4 5.2 73
CN™ (10 mM) LL 0.0, 0,1 3.0 3.9 4,5

a Pulge-labelled proteins,
b Long-labelled proteins,
‘Incubated in 1.0 M NaCl minimal medium, -

c
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In the 30,000 X g supernaﬁaﬁts the-fate of degradation
, of pulse-labelled cells was found to be substantiallyxilower
than that found in the'whbie intact cell preparation (Table
14) (ca. ‘45 % rate of whole intact cells). Tetracyéline,
wﬂen added, led to aslighfinhibition3of breakdown whereas
cyanide sliéhtly stimulated the rate of degradgtidn. These
'effecfs were seen in both long-labelled and pulse-labelled
cells. The effects of tetracycline in lowering breakdown
were similar in the cell-free preparations and whole cells.
Cyanide, however, led to a slight stimulation in the degra-
dation of pulse-labelled proteins with a marked stimulation
occurring in the degradation of long-labelled proteins. This
latter effect, by cyanide, was different from its effect in
whole cells~

i
Characterization of the Cellular Fraction Experiencing

the Greatest Rate of Protein Turnover:

It has been previouély demonstrated that V. costicola
exhibits a difference in stability of individual proteins
eithef'to elevated 93ft$ lower concentrations of NaCl in
vitro (Shindler, 19773 Rossignol, 1978) with respect to activ-
ity. In order to gain a greater insight into the molecular
make-up of the proteins subject to the greatest rate of turn-
over various chromatographic techniques were utilized. Thg

information obtained by these techniques allowed some characZ
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terizatioﬁ of either the molecular weight or net charge of
these prbteinsr‘]f;" | . E' L\*

As ‘past research has revealed, there is certain evidence
) . L B =1

for a direct correlation between turnover of individual pro- -

s

teins with higher‘molecular welght and/or, acidity (more
negatively charged residues) (Goldberg and Diée, 19743 Dice
and Goldberg, 1975). V. costicola, as previously discussed

(Wydro,n1927; Rossignol, 1978), has been shown to possess

" a higher net number of acidic residues in certain proteins

~

studied to date compared to other bacteria such as E. coli.

Tbié characteristic of this moderately halophilic bacterium

, E ’
was thought to be a useful feature ih order to demonstrate the

scope of the correlatioh between protein charge and turnover.

(A) Molegular Weight Exclusion Chromatography:

Initial attempts to localize the cellular fraction(s)
experiencing the gréatest rate of turnover have been done

previously with V. costicola (Hipkiss and Armstrong, unpub-

lished results). In that particular étudy, long~ then pulsed-

labelled cells (i.e. double-labizlled) were broken by sonic-
ation after a further 120 minutes incubation in an isatope—
free 1.0 M NaCl medium. After subcellular fractionation the
fractions were analyzéd for changes in the 3H(luC ratio

relative to similarly isolated and treated 0 time (post-

~.

W By
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TABLE 15 ..

V. costicola subcellulaf fractiqﬁ versus
| -change in '3H/1‘*Crati_,oa

~

= 1% 3
Subcellular fraction ] c/’H
. b :
12,000 X g (5') pellet. B 0.79
30,000 X g (30°) pellet | 0.76
100,000 X g (120') pellet 0,71
100,000 X g (120') supernatant ‘ 0,94

a ﬁipkiss and Armétrong (unpublished results, 1978),

b Time in brackets refers to duration of centrifugation,
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pulsing) cells, The double igsotope technique . employed was

. used to determine the relative turnover rates 6f different

proteins. This method (as described in Materials and Methods)

used two different isotopic forms of the same amino acid,

" 3H-leucine and 1uC-leuc:i.ne, to establish relative tufnover

rates of individual proteins. Rapid rates of turnover of’
individual proteins, after the long- then pulse-~labelling
periods, is seen.as an increase in the change in the ratio

of %H to Uc.

In this prelimi££%§ﬁdggple-label study, with V. costi- )

.
cola grown in 1.0 M NaCl, some evidence was found for greater

turnover in the fraction sedimenting at 12,000 X g (Table_
1%8). However, no high rate of turnover was found in material
sedimenting at greater forces axcebt for the supernatant
remaining after 100,000 X g (for 12b min.). If the material
that sedimented at 30000 X g (for 30 min.) and 100,000 X g
(for 120 min.) represents membranes and rifosomes, respectively,
then these fractions do not contain rapidly turning-over
protein.

| As the 100,000 X g supernatant, which presumably con- °
tains soluble enzymes, exhibited the greatest rate of furnover
it was decided to further analyze it ‘for molecular weight of
the proteins experiencing greatest breakdown. Characteriz-
ation of the rapidly turning-bver fraction in the 100,000 X'

g-supernatant was carried out by passing the supernatants

-
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Figure 9

‘Change in 3H_/lfC rafio‘

(during 120 min. post-pulsing period)
as determined by (Sephadex 6-100) molecular

weight exclusion coluﬁn chromatoéfaphy

Y
.~

An increase in the ratio (i.e. greatergthah

0 base line) indicates a more rapid turnover rate

100,000 X g (after 120 min. centrifugation)

supernatant applied on column
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from dong- and pulsetéégéfIEﬁscells, isolated at 0 or 120

.mlnutes post—pu181ng through a Sephadex G- 100 column (samples
applled as descrlbe for DEAE Sephadex chromatography) and
comparing the changes in the H/ C fatiés'of éaph fraction._
In order to establlsh the varlablllty in ratio of dlfferent
proteins due to experimental design, 1t c and 3H leucine wére
;ddéd to V. costicela cultures simultaneously 150 minutes prior
to finél harvesting, washing aﬁd‘lysis.. ko systematic vari-
atibn in the 3H/l”c ratios weré fdﬁnd in the protein frac-
tldhs. .

The results- indicated: (Figure 9) that the highest break-
down occurred in the proteins of molecular weight 45,000 -

60;000. Other increases in the_ratio were evident in other

higher MW fractions but a general trend was not obvious.

(B) 1Ion' Exchange Chromatography (DEAE Sephadex):

The 3H/luC ratio fechnique was again utilized in this
facet of characterization for protein charge determiﬁation.

The results (Figure iD) demonstrated that the prﬁtein
fractions eluting in the acid rangL exhibited generally more
elevated changes in the 3H/luC ratios compared to more neutral
or basic proteins. It was ndted, hqwever, that these changes
in the rat;o wére also evident in certain fractions eluting

_at neutral and basic pH values.’ The sample used (superna-

tant remj}ping after centrifugation for 120 minutes at 100,000
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Change in‘SH/qu'rafio

: (during 120 min. post-pu131ng perlod) . B
3__:' 1"” as determined by (A-so DBAE Sephadex)
o n xchange célumn chromatography u
/ - . A ‘
Solid line change in ratio’
Dashed line. respecfive pH for
each fraction:
100 000 X g (120 mln. centrlfugatlon)
‘ supernatant applled on column B
- 4
. S
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'natant showed a more heterogeneous pattern in turnover rates.’
- >

99

"X g) presumably represents oytoﬁlasmic soluble proteins al-

t oughfthe cellular disruption by sonicaf&on may .not exclude'
P y

a memb ane protein fractlon which could have been solublllzed

-I‘
in the roce551’/\\v, SR - L

(C) SDsS PAGE Migration‘and Turnover Rate: -

Aliq%pts of a\double—labelled, exponentially-growing

clilture of V. costloola, isolated at 0 and 120 mlnutes post-
Y. LOSticola R
pulsing, were 1yseqh(as described for DEAE- Sephadex chromato-

:graphy) and the beSpective subcallular fractions separated-
. : ¢ .

by centrifugation. The schelluiar\fractions remaining efter
éo,doo'x g.(30'min.)$hnd§400,00b X g (120 min.) were elgotrOJ
phoresed. k . . ‘ |
Table 16 A indicates that the pfotein fraction, MW
22,900 - 28,000, showed an increased turnover rate as indic-
ated by .a sharp chanée in the‘SHfluC ratio. A genefal trend '

of increases in the ratios is also evide in protein frac-

: k]
tions of greater MWJ althaugh not as pronctneed as in the

aforementioned é;otein fraction. The lower MW proteins of thé

30, 000 Xg suPernatant exhlblted very low change in ratlos

»

1nd1oat1ng some 1evel of stablllty agalnst proteolytic attack.

Unllke ‘the latter suboellular fraction, the 100,000 X g super-

relative to. the }espective‘MW of the proteins. /1

(AN SCPRIEY Py S
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In another experiment, utilizing a portion

culture of V. costicolaj? the cells were only labelled with
3H leucine (150 minutes! prior to harvesting). An aliquot of

..the cells ﬁas_isolated imﬁediatély after this labelling period

¥ —

with subeequent lysis and fraetiéhatioﬁ. This waéirepeated
with an e;iquot isolated 120.minutes after the endfof the.
long;lebelling. This was done in order to give a direct in;_
dication of loss of 1ebe1; from long-lebelled-protéins in each
of the molecular weight ranges.

The results showed (Table 16 B) an 80 % loss of counts. -‘
| in the proteins of MW 28»800 - 37,150 and a 43 % loss of counts ':

i
in the MW range 10,960 - 13, 800 for the 30,000 ¥ g super-

natant -

n Previous in vivo results in this present,s;:hy have

shown a generally lower rate of breakdown of long-.versus' . | )
pulse-labelled proteine. The direct approach (Table 16 B) of ,
determination of loss of label from long-labelled proteins
eﬁso shows .a generally low level of loss; however, some’
exéestlons were noted. As mentioned, a large decrease in

5dpm was especmally prevalent in the 28,000 37,150 MW
protelns. .The data alsoc clearly lndlcetes that some protein
fractions"tend to pick ﬁp the breakdown products from other
fractions. This factor, in double label studges,‘eould have L
the potential to disfor e chefge in the measured 3H/luC
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. proteins ,s based upon their respective moleculyr wei

102

ratios observed., It.is for this reason that only trends
of increased turhover of proteins versus their respective
characteristics (MW or net charge) were looked for.

In summary, the two different approaches éf sepapating

ts, gave

no strong evidence relating high molecular weight with a

higher rate of turnover.. r

The degree of-acidity, howevéq{fdid show a gengbal trend
of a higher turnover for proteins eluting in the more acidic

¢
pH fractiodns. - //
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DISCUSSION

Some of the "rules" describing the basis of bacterial -
life, which‘habe become-widely accepted, such as the stabi-
lity of most cellular proteins during exponential grswth,-
were originally derived from study of mesophilic organisms

such as Escherichia coli.

Bacterial cultures, in general, in exponential growth,
-have low rates of protein turnover indicating that the pro-
teins, on average, made during this period ére stable,
although some specific bacterial proteins can show rapid rates
- of turnover (Beeraj et al., 1978). Work with organisms ex-
isting in extreme environments, for example, thermophiles’
(A;len, 1953; Bubela and ﬁoldsworth, 1966) has suggested

that rapid breakdown and resynthes¥ may be a key mechanism-
of survivg}. ’

Previous stgdies of ﬁrofein turnover have focused on
bacteria growing in either mesophilic or extreme environments.
This present study, using the bacterium-V. costicola, is .
the first demonstratioﬁ of protein turnover rates in a
~ moderately halophilic organism. The question ¢f the level
"of protein turnover and comparison between all microorganisms

capable of growth in unusual environment's may, in fact, be

worthy of study. dg; accumulated data from these and future

L1
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studies‘ﬁay evehtuali§ hélp f63soive.thé‘evasiﬁé_qﬁéstions
relevant tonﬁroteinrturnéver. ) |

One‘unusual propefty of halophii?c bécteria whicQ‘makes
them interesting for the‘study of profein turnover is the
acidity of their proteins. The proteins of extreme halo-
philes, and to a lesser extent, many of fhese of moderate
halophiles, are more aéidic than those of hon-halophi}ic
bacteria (Wydro, 1977; Kushner, 1978). In E. coli and animal
tiésues acidic proteiqs are degraded mare rapidly than‘neut—'
. ral or basic ones (Dice and Goldberg, 1975; Turk and Marks,

1977).

r

It was of interest therefore to explore the process of

protein turnover in the moderate halophile, Vibrio costicola,‘
due to the nature of the environment required for growth
and the unusual nature of some of its proteins as determineé
in'other.studies (Shindler, 1976; Wydro, 1977; De Médicis and
Rossignol, 1977). ' ‘

' In the present study it was found that the overall rate
of turnover in V. costicola is, in fact, substantially greater

-

than that of E. coli (as found here and compared to published
literature).

The variation ig the extent of protéin turnover in dif-
ferent experiments with 1; costicola was disturbing. A pos-
sible explanation for this variation could be that the initial

degradation of pulse-labelled proteins is always rapid (Pine,
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'1970) : Therefore, any small day to day varlatlon in the tlme
'of handllng and washang the pulse-labelled cells could result
in these changes ;n the "zero'" time level of 1abe111ng and
hence inééhe apparent tupﬁover‘during-extended-incubation.

Even with the'variability in theé rates; it was consis—
tently observed that tdrnoVer in V. costicola 1is always higher
than in E.‘ggli. This is appapently not a direct consequence
of growth”at the higher NaCl concentration. E. c011 can also
grow in the 1ower range of NaCl concéntrations permlttlng
growth of V. costicola (0.5 M and even 1.0 M NaCl) but under
these.conditions the protein turnover in E. coli is ﬁarkedly
lower than that of V. costicola. There was no consistent
evidence that an increase of NaCl in the medium stimulated
protein turnover.in E. coli. The rates found in this study
for E. coli at low salt concentrafions (0.5 M NaCl or fees),
were found to coincide with those found by other researchers
(Nath and Koch, 1970; Pine, 1972; Goldberg and St. John, 1976).

Experimenge'with V. costicola, grown at one NaCl con-
centration, then subseéuently transferred to fresh medium with
the same or altered NaCl concentration were undertaken to
elucidate the effects of ‘NaCl concentration on rates of break-
down. Various studies Qith'i. costicola and other halophiiic
organisms (Brown, 1964a; Lanyi, 1974 Wydro, 1977; Rossignol,
1978) have demonstrated a.need, by some proteins, for elevated

levels of salt in the milieu for maximum stability and activity.
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V. costicola when grown and fransferred into 0.5 M NaCl
appfoaching.the lower salt concentration permitting'growth
of this organism, exhibits extremely high rates of breakdown
(50 % higher than ihose;found for V. costicola in an optimum
NaCl concentration required for growth). Cells grdwn in or
transferred to i.S M.NaCl (either from 0.5 M or 1.0 M NaCl)
were found to have the lowest rates of intracellular protein
degradation.

In general, the results demonstrated that the rate of
pfotein turnover in V. costicola is determined by the salt

concentration in which the_cells are subsequently incubated

- (during the "chase" period) rather-than that in which they are

labelled. Therefore, cells pulse-labelled {ifm1.0' M theﬁ trans-
ferred to 0.5 M Nall experience the rate dictatéd by the lower
salt concentration of the incubation médium. The Yreverse was
observed for cells labélled in 0.5 MWaCl and transferred to
1.0 or 1.5 M NaCl. In all cases, tﬁé turnover of long-labelled
proteins remained low. The ionic interactions, brought about
by increased concentrations of NéCl, leading to concomitant
stabilization of proteins may be the basis for the observations
derived from the transfer experiments. Previous work by others
(Brown, 1961; Goldberg et al., 1975; Schejter ég al., 1978)
have shown that NaCl can serve to stabilize various proteins.
Perhaps the growth in or transfer to 0.5 M NéCl leads to an
extensive disruption of thermodynamically stable ionic inter-

actions in the proteins of V. costicola. The cells grown.
/

e ) ¥
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in 0.5 M NaCl seem to retain some elevation of turnover, re-

t

lative to 1.0 M and '1.5.M NaCl-grown cells. .There is a'pos-
51b111ty that mlscodlng, brought about by: transiﬁziiziimerrors
or other factors due to the ionic concentratlon of themedium
could be coming into play at all salt concentrations. This '
latter factor could be resulting %E‘produbtion of abnormal
proteins. 1though the possibility of miscoding could be

used to expiain the generally elevated levels of proteolysis
relative to E. coli and .other organisms, it cannot-béﬂused to
explain the fesults of the transfer experiments. The immediacy
of the Fhange in turnover of the proteins upon transfer to

a medigm of+altered salt concentration diminishes this l?tter
possibility of miscoding. The major feature that may be
affecting the rates of turnover is proBably some physical re-
quirement for the organism that is lacking, such as an adequate
levél,of water activity.

The cell membrane, being the first major bacterial struc-
tural component té experience changes in the milieu, could
suffer some protein structural abnormalities dependlng on
the cogcentration of the ionic environment. Work by others
(Shindler, 1976; Rossignol, 1578), as prev1ously_dlscussed,
has demonstrated tﬂat this bacterium may have cell membrane-
-associated proteins with requirements for higher salt concen-

trations whereas soluble enzymes may require a lower ionic
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.milieu. Therefore, upon a shift from a high to a low ionic

environment there may be disruption of étructure, however, .
brought ‘about, i.e. by loss of-bcuﬁteréidn'shiélding or loss
of hydrophobic interactions. _ S
Inhibitors, such as tretracycline and chioramphenicol,
were used to explore the possibility that protein synthesis
may be required for protein turnover. The possibility.that
proteolytic enzymes are synthesized as the need for the de-
gradation of non-functional or abnormal proteiﬁs arises was
investigated. Tetracycline and chloramphenicola at the con-
centratibns used in this study, were sufficient to completely
or almost completely, (100 % and 90 % inhibition respectively)

stop protein synthesis as measured by incorporation of'luC

radioactivity into the TCA insoluble fraction. Different results,

however, were found with each respective antibiotic on the
process of protein breakdown. Tetracycline was found to ﬁre—
cipitate a marked inhibition of the process whereas chloram-
phenicol had virtually no inhibitory effects on breakdown.
Thus, while being able to eliminate protein biosynthesis, to
the extent discussed, these antibiotics exhibited vastly
different properties with respect'to inhibition of protein
turnover. The results of tetracyicline on this process in V.
costicola agreed with those known for E. coli posseéssing high
levels of‘abnormal proteins (Cashel, 1975; Golberg and St.

John, 1976; Hipkiss, 1978): Although the results with chlor-

L
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amphenicol differed, it has been suggested that this anti-
biotic 4 not al ays affect turnover in E. coli (Hipkiss,
1978). He's estgd that this agent may be mainly affecting
degradation of proteins with abnormal structure undefgoing
aggregation. ‘

Turnover of érofein, partiqpi%rly those with abnormal .
structure, in E. coli, may be inhibited by agents which severely
perturb the cell's energy-generating mechanisms (Schecter
et.al., 1973; Goldberg and St. John, 19763 Olden and Goldberg,
1978). Cyanide, azide (0lden and Goldberg, 1978) and iodo-
acetate (McKellar, 1976) while reducing the intracellular
concentration of ATP B} up to 80 %, do not inhibit proteolysis
of normal proteins in E. ggii (Oiden anq Goldberg, 1978) when
glucose is present in fhe growth'medium.

In E. coli it has bégn shown (Kowit and Goldberg, 1977)
that the rapid breakdown of & single abnormal polypeptide
_ feqhired’high energy'phosphates for both an initial "endopro-
teolytic'cleavage and also.for one or more subsequgﬁt Pro-
teolytic steps. Also it was demons?rated that the further
degradation of small polypeptides released during -turnover
required this metabolic energy.

This present study %nvestigated the energy requirement
for protein breakdown in V. éésticola by determining how

specific impairments in energy production affected the turnover

- ’ b
L)

.t ‘:U‘.
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.?‘of protelna.! It was found that tﬂrnover in e

,5grow1ng V costlcola was 1nh1b1ted by cyanlde but

C 1200,

BRI

l azlde, dlnltrophéhol or 1odoacetate. These agents-lnhlbltl

the 1e9e1 of cellular respmratlon (cyanlde ‘and az1de) or
uncouple oxldatlve phosphorylatlon (2 U - dlnltrophenol) or -
severely 1nh1b1ted glycolysms (1odoaoetate) in- E; coll,

The actual selectivity and 1nh1b1t10n levels of the dnyerent

1nh1b1tors used, however, are not dbarly known in V. costi-

.cola. It has been observed in E._coll (Goldberg “and St.-

John, 19763 0Olden and Goldberg3 1978), that inhibitian of pro-

' tein turnover by inhibition'of'enefgy production only aots‘if

.the 1ntraoellular level of ATP lS almost completely abollshed

(85 - 90 % reductlon) It is p0531ble, therefore, that the

~agents, whlch d1d not inhibit turnover, only partlally abollshed

the intracellular AT level in V. costicola.

The results found in this study for cyanide concur with

“those found for E. coli, incubated with canavanine (an amino

acid -analog), with reSultant high cellular levels of abnormel

”protelns. 2- H-dlnltrophenol an uncoupler of oxidative phos- 1 .

phorylatlon, d1d not affectturnoverln V. costicola whereas

“in E. coli it does. In E. coli uncoupling agents are thought 5

to.iﬁhibit proteolysié#?bven in the presence of glucose, be-
cause they stimulate the hydrolysms of ATP derived from glyco-
lysis via the ‘(Ca - M;"*) ATPase (Schecter et al., 1973).

The role of this latter energy source and its relationship to

i
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proteln breakdown in V..coatlcola cannot be determlned from
57 the present type of study | )
k Olden and Goldberg (1978) have shown that in E. coll,g"i:'-*
1n the absence of glucose w1th A -methylg oside or cyanide_
or both of the -latter two agents added that the cellular e
Vlevelsﬂdf ATPzare'sewerely reduced (as low-as 2 - 3 % of |

[ad

'glucoserincubated cells). These treatments are also found'to
markedly inhibit lntracellular protein  degradation in canavanine-
treafed!E :géli.r E. coli, when grown on succinate, and treated
w1th cyanlde, 15 subject to, severe ATP depletlon (over 90 %
reductlon) leadlng to a substant1al reduction in the rate of
Turnover of abnormal pronelns. E. gglghgrown under cond;tlons
favouring'"nornal"'protein production, however, is not as’
severely affected by cyanlde w1th rerect to proteln break-l.~
down. The same experlmental approacﬁes with V costlcola re-
wealed 31m;lar results~to“those;observaﬂ..1n“§: coli” grown
under conditione fawonring prcduction of high lev?ls of ab- -~
normal protelns. Both cyanide and oL-qnethylglucoside were
capable of 1nh1b1t1ng turnover in V. costlcola. Severe in-
hlbltlon'of proteln breakdown occurred if both of the latter

© two agehts wéfé presehét This was probably due to the‘simulé
taneous 1nh1b1tlon of resplratlon and glycoly51s possibly
coupled w1th éxhaustlng the cellular high energy phosphate
bonds. Succinate, while'not‘allowing growth through glycolysis,
dcee allow for?;espiration“(therefore, maintaining an "energy-

L] -

-~
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Pact ri The metabolic energy may then alternatlvely be_
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rlch membrane qu;dﬁT'In E. COll. (Kowit and Goraberg, 1977).

This substltutlon for glucose, in the medlum supportlng growth
of V. costlcola, led to reductlon in the rate of turnover but

e

not as severe as, that found for the comblned effects of eli-
minating resplratlon, by cyanlde addltlon.

The present experxments do not reveal whether glyco-

'lysis provides“Yhe energy for the degradative process directly

. . v .
or whether glycoly$is serves to maintain- the "energy~rich

membrane state" or reépirétion. More studies would be required
to clearly define these latter two possibilities with res- s
pect to profein-tUrnever in this bacterium. The present study
may provide some enidence for the concept 4hat ATP or some - s
other high energy phosphate, whose levels may depend on the

ATP concentration, is involved in 1ntracellglar proteln break-

down. in tlcola./’The experiments, however, while demon-

strating some requirement for high energy phosnhates, do not

establish a direct role of. these compdunds for ~the hydrolysis '
. f ‘ . v '
of peptide bonds. Other alternative models could also explain

- - ‘\‘-

“this need for higg;energy phosphates. For exemple,;these com-

<.

pounds may be required‘fof continyed protein synthesis_whiéhiﬂ}"\

may be ‘necessary for degradation. quevef, "sthe hydfoi?Sis,of
the proteins can take place in the presen;;‘o

i;phloramphenmcol

" which almost completely arrests proteln synthesis in this

o~

requiged for the activation of, the responsible proteasets).

—_—— - A LI U



LA

‘These hlgh erergy phosphates or some related factor may
4

also be involved in the alteration of the conformatlon of

‘the protein substrates thus rendering

o~

susceptlble

to’ hydroly51s by the cell proteases (as dlscusse in the_
Introduction). ‘ ‘
'n‘ In order to further elucidate the effects of inhibitors

DAY

___6f either protein synthesis or energy generation, a.cell-free

system was attempted‘using the ﬁp;OUU X g supernatant fpabtich
Tpceeﬁmably containing soluble eazymes and ribosomes but
lacking, fo? the most part, cell membfanes) ipcubated in a
"reactioh" medium (Materials and Methods). The attempt to

produce protein degradation, in a cell-free preparation, was

succeesful in obtaining a rate of breakdown 45 % of that found

in whole intact cells of V costlcola.' Tetracycline addition

-

brought about a 40 % reductlon of reakdown in the cell-free

preparations (pulse—labelled cells) compared to .greater than

'70 % in whole intact cells. Cyanide; ‘uRlike in intact cellu-

' lar preparations, brought about a Blight‘ "~ increase in the

rate of degradation of both pulse- and long-labelled cell~

-

free preparatioﬁs. The possible reasoﬁs for this cyanide-“»

stimulated result w1ll be discussed, W1th the r sults of ‘gudno--

‘sine tetraphosphate effects. In the same cell free preparatlbns,
/

the exogenous- addltlon of ATP (A R. Hlpklss, personal communic-

. ation) did not affect the apparent rate cf protein breakdown

+ T
¥

in V. costicola. - ) -

S | . t
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The esféblishment gf this cell-free éyétém-ié promising
fof use In future studies although it is still unknow; whether
this expérimenpal.sysfem is eihibitihg the same. requirements-

, as tho;e of whole intast cells of V. costicola.

The effect of tetragycline and. cyanide on streptomycin-
induced, presu@ably, abnormal proteins, in V. costicola, was
of interest in order to look for similar patterns of inhibition
of.proteﬁh breakdown relative té'those seen in V. costicola
grow1ng under “normal" growth conditions. Figure 7 shows
-a marked increase ih turnover of proteins presumably due to |
a higher cellular concentration of erroneous proteins. Tetra-
cycline and cyanide both caused strong;inhibition of the pro- J
cess of proteln degradatlon as they did in cells without
streptomyc1n preﬂtreatment (Table 8). Information gained from
published results with §. coli, with high levels of abnormai
proteins, and that found with V. costicola seems to suggest
a naturally occurring elevated level of abnormal or struc-
turally disrupted proteins, hbwevef biologically defined, in
this bacterlum at all salt- concentrations.

The next facet of this study involved elucidating the
effects of factors, known to be of some influence on proteiﬂ‘
turnover in other orgénisms, in V. costicola.

Guanosine tetraphosphate (ppGpp), as discussed previousl&,

has been found to be directly correlated with the rate of

protein turnover. Additions of this nucleotide to




.
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cola (10 mM - a ;oncentrétion found in ﬁells of E. cdli
underg01ng stimulated rates of turnover (Bchk and Haseltine,
1974) s caused.a dramatic stlmqlatlon'ln the rate of break-
down_in-béth 0.5 M and 1,0 M NaCl-incubated cultureg. It
is gf interest that while both tetra:;cline and ‘chloram-
\kﬁhwnicol.affect ﬁrotein synfhesis, tetracyéliné also lowers
‘the level' of ppGpp by diréctly inhibiting the ribosomal enzyme
responsible for its synthesis (Cashel, 1975; Goldberg and
St. Johq, 1976). Since lower levels o pPpGpp are associaﬁed
A with decreased {ptracelilular proteolyjz;,'it may be possiﬁle
é . " that the inhibitory effect of tetracycline is through suéh an

action. It has been previously demonstrated (Edlin and Don-

ini, 1971) that cyanide can cause accumulation of pPpPGEpPDp in

s

E. coli grown, on a glucose medium. P0551b1y, a similar effect
X .
by cyanide—Tcoi lé\kxplaln ltS actions, in v1tro in the cell-

free prep rat! q/of V. costicola. Perhaps the 1nh1blt10n Qf

‘respiration by cyanide, in vivo, caused a severe inhibition of
.protein breakdown thérefore, over-riding any stimulation due

to ppGpp accumulatioﬂ. The‘valigity of cell-free preparations

. 1n assessing factors relative to protein turnover,; however,

-

still re:iins an open question. NS

Anoyher factor which seems to be of importqpée in deter-

mining therate of turnover of proteins, in growing cells,
is the incubation temperature. ’

Thermal "melting curves" of proteins have been shown to
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exhibit steep transitions from the folded to.unfolded form

over very short temperature xntervals (less than 10 °c)y

(Lehninger, 1875). This indicates: that unfolding or déna-

uturatlon is a coopengtrve process, in Wthh the rupture of

the flrst few weak bondg, hydrophoblc 1nteract10ns being one

example, greatly increase the probablllty that the remalnder

" will rupture.

Lowering the incubation témperature of V. costicola by

10°C does not significantly.increase the respective gener-

*ation times of 0.5 o0or 1.0 M NaCi-grown cultures, but it does

significantly affect rates of bfeakdown. At bofh salt con-
centrations there is an increase in the rate, especially in
0.5 M NaCl.

Many halophilic enzymes possess limited capability for
hydrophobic bonding.(Wydro,‘1977; De Mé&dicis ahd Rossignol,
1977; Rossignol, 1978) which may be severely.affected by
changes in the temperature of the environment. This factor,
along with the ppssibility of cooperafivity-of bond break-
age, may have some bearing on the resulting large increase
in_turnover of protein accompanied by the loﬁefing of the
ineubatioe temperatere. It was obsefved that the 1.0 M NaCi
cells do not experience as great & stimu}ation in the rate
of proteolysis as that\fdﬁnd in 0.5 M NaCl. This may indicate
that the combined'effect of a lowered salt concentration and

a concomitant lowered tspﬁerature is upsetting a.delicate

R .
. ’
. - .
A
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balancé of+the ionic interactions and hydropﬁobic bonding -
requiped by some halophilic proteins. This could result in
‘an increased strgctural abnormality and accessiﬁflity by pro-
teolytic enzyme(s).

The influence of other agents, such as poﬁjamines, was
of interest due to the very ﬁigh cell-associated concentrations
of the three polydmines, spermidine, putrescine, and c;davé;ine
in'!. costicola relative to the concentration known for E.'
celi and other organisms (Igafashi, 19759 . Their.potential
as stabilizers of various bacterial and mamméliag-éubéellular
structures was thought to be of some significance to protein
turnover. In the present study the cellular levels ofiall
polyamines, in 1.0 M NaCl, were found to be many-fold higﬁer
than those found in E. coli. It was of interest that the con-
centrations found in 3.0 M NaCl were essentially doyble those
found iﬁ lower salt-concentrations.

The inhibitory effects of putrescine, on thelrate of intra-
cellular protein degradation was noted, especially in the
first 30 minutes of the 0.5 M NaCl-grown cells (43 % inhibifion)
relative to the 1.0 M NaCl-grown cells {5 % inhibition). Theéé
results may indicate a potenfia} of polyamines as stabilizers
of cellular protein charge interaction due to their poly-
cationic nature, leading to counter-ion shielding concomitant
with conformation stabilization. This stabilizatién could

result in a lowered access to proteolytic enz&?es which would
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'subéequently lead to a lower turnover rate. Possibly, their

synthesis in higher concentrations, in this bactepipm,:is
for this postulated reaéoh:‘

Figure 8 shows that ‘¢his bacterium, ?rlglnally grown in
1.0 M NaCl, when changed from - 0:5 M to 1.0 M NaCl exhibits
similar patterns of turnover at differentITChangQTftime points.
Upon “.reversalback to the higher NaCl-containing medium the
cells exberience & reductionin.their respective rates of de-
gradation. However, this rate is still found to be elevated,
relative to the Control cells, in the "delayed change cells"

at.15 or Sijlnutes. The initial contact with ¥he lowered salt

may, leave some proteins more susceptible to proteolysis, pos-

sibly due to conformational changes, even when changed:
back into a more optimum NaCl concentration for growth.
When V. costicola was transferred at different time

poihts from a medium of higher NaCl. _concentration (1.0 M) to

one of a lower concentratlon (0.5 M) 1nterest1ng results were
obtained. It Was observed that fo%low1ng a delay in the trans—

fer of the higher-salt cells to a medium with lower salts that

a portion of the'proteolytically susceptible proteins ini-

tially present were in some way made less susceptible to pro-
teolysis. The decreased susceptibility of proteins to pro-
teolysis upon "delayed" transfer into a lower salt concentration?
(0.5 M NaCl) may be dye to allowance of time for assuming a

more protected conformation. Longer pre-incubation in a more

-
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optimal (1.0'M NaCl) salt bonépntrétion may allow for ions
or other compounds; such as pélyamines, to encourage ﬁaximum
bonding,.as previously discussed, concomitant with lowered
accessibility to proteolytic enzyﬁe étté:#ﬂand/or_recognition

of abnormality of structure. /

The final goal of this study'was to attempt a preliminary

characterization of the proteins being turned-over atf tle
. p g »

greatest rate.
The generaily elevated level of écidic residues found in
many .proteins of V. costicola, studied to date (Shindler, 1976;
Rossignol, 1978) may have an important bearing on the high
rates of protein breakdown in this bacterium. The different
chromatographic separations of proteins based either upon their 1S
respective molecular weights or net charge has revealed a
potential connection between an incidence of increased turnover

-~

ang possession of a higher net negatived charge for proteins
in V. costicola. ]

In conclusioﬁ, although it has been shown that net
charge may be a determinant of protein turnover, in V. costi-
cola, it shoulld be emphasized that other‘factors could in-
fluence the degradation rdtes of proteins. These factors may
in¢lude the nature of the amino acid residues between the
beptide bonds whiéh are exposed, the conformation of the pPro-

tein as affected by interactions with small molecules, and

the extent to which proteins are in the associated or dissoci-
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“ atéd states. Further elucidation of the molecular charac-

L. teristics of proteins experiencing the greatest turnover, in

; V. costicola, may result from different. approaches such as-work

{ ,‘,’ '

with isolated, individual, proteins.
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. OVERALL CONCLUSIONS

It is difficult to ascertain, in V. costicola and other

L]

moderate halophiles, the acfual ionic concentrations in which
different bioclogical reactions take place (Kushner, 1978).
Although some of the proteiﬁs of the outer layers are exposed
to high NaCl concentrations of tﬁe external milieu, internal
proteins may.functﬁon in much lower concentrations. It has

been shown that elevated salt concentrations can calse mis-

~ ~

coding of in vitro protein synthesis in V. costicola (Wydro,

1977) and E. coll (Szer and OChoé, 1964), Possibly, a certain

ﬁroportion of ribosomes involved in protein biosynthesis is
exposed to high enough %onic concentréfions to cause miécod-
ing. In this case, the high turnover rate could be a mech-
anism for correcting the erroneous proteins produced. Othér
studies, with a number of halophilic enzymes and proteins,
esﬁegially of extreme halophiles, have shown a requirement for
high salt concentrations to maintain a "nétive" configﬁration
(Lanyi, 1971; Kushner, 1978). It seems ppssible, therefore,
that even properly-made proteins are subﬁect to cqﬁformational
changes upon exposure to lower salt concentrations which may
lead to increased hydrolysié. The highest rate of turnover

of proteins occurred at 0.5 M NaCl, which approaéhes the lower

limit of growth of V. costicola. The limit to growth at such
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lower concentrations may in fact be due to the increased
furnover of protein itself. B -
Transfer experiments between different salt cqQncentrations

indicated that the concentration of NaCl in the medium into

which V. costicola is transferred determines the rate of

degradation.d If the high:vrate of breakdown reflects errors

in the synthesis of protein then such errors do not seem

greater in 0.5 M NaCl than in highej salt concentrations. If

they were, proteins-from cells labe the lower salt con-

N

centration would probably still be degraded at\a higher rate

led:

The energy, requirements for protein turnover,
costicola, coincide with those found for E. coli possessing high
levels of induced abnormal proteins. This, along with eleQéted
turnover rates, may indicate a higher level of abnormal pro-
tein formation under all NaCl concentrations, in V. costicola.

The correlations between either acidity or molecular

»
&Qight of a protein and its susceptibility to enhanced turn-

. over were tested. The,fesults, hdhever, were not the same or

as clear-cut as those found for E. coli in published data
(Goldberg and St. 3ohn, 1976; Turké and Mark, 1977; Kalish

et al.,1879). Isolation and characterization of individual .
halophilic proteins, Qith respect to turnover rafés, would
probably lead to more-conclusive evidence for or against these

correlations.
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In this moderately halophilic‘bacterium, it seems that
a change in protein conformation.bfbught abouf by a too low
.éalt concentration, may stimulate the rate of turnover. Protein.
turnover, in.i. éosticdla, is ‘probably gnvernéd‘by an inter;.

play between miscoding caused by too hign, and conformational

changes, caused by too low, salt concentrations.
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