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This report constitutes tha final and techniocal report by Dr.
Peter H. Caloott for the two above named grants. The first grant
covered the 3 year period 1st June 1978 to 31st May 1981 while the
seoond ocovered a three month period 1ast June 1981 to 31st Auguat 1981,
The second grant was terminated upon request of both Dr., P. H. Caleott
and Wright State University since the former had been offered a new
position in Central Researah-Bioproducts, 1701, The Dow Chemical
Company, Midland, Miohigan 48640, and waa unable to eontinue the work
at the new locale; an alternative prineipal Ilnvestigator was also not
available at WSU to continue the studies.

These two grants, which both concerned the effeats of stress on
mioroblal physiolegy, biochemistry and genetics, will be reported as
one. Since ssveral basic questions and approaches were pursued in
these studies the report will be divided into six parts.

The effects of stress on metabolic activity of bacteria.
The effects of atress on genetic stabllity.

The relationship of cell composition to survival potential.
Starvation and subatrats-accelerated death in bacteria.
Cryoprotection studies,

Survival and enumeration of bacteria in natural systems,
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1. The Effects of Stress on Metaboliec Aotivity of Bagteria

a. Aotlve transpert

Personnel: 8. Steenborgen, B.S.; D. Williams; R. Petty, B.S.
M.S.,; and P. H, Caloott P.I.

Publioations: 2, 0.J.8. abatract, FEMS letter (see Appendix A),

This study, started before the grant was awarded, was sontinued,
published as a paper and presentad by Ms. 8. Steenbergen. In
addition, Ms. D, Williams continued the atudy and examined the effect
of stress of two specific transport systems for arabinose in E. goli.

Wild-type strains of E. coll are capable of transporting arabinose
by a membrane~bound permeass or by a periplasio binding protein
systen., Using mutanta defective in sach of the mechanisms, Williams
conoluded that the membrane bound transport system (permease) was
inactiveted in a similar fashion to that of bulk amino acid transport
as atudied by Steenbergen. This suggested that the amino acid
transport system atudlied previously was probably permease-driven. The
periplasio binding protein system was more sensitive to stress than
the permease but was still able to be repaired. These cbservations
have not been published.
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b. Protein synthesis

Personnel: B, Ghanl B.S, M.S,; P, Caloott, P.I,
Publieations: 3, 0.J.8. Abstract, FEMS Laetter, M.,S. Thesis
(Appendix A)

Mr. Ghani examined protein synthesis in frozen-thawed E. coll for
his M3, Thesis. The results were presented at a meeting and are sume
marized in the abstract of his thesis. A small portion of his study

was published, The remainder is to be wrltten up in a paper,

o, Industion of operons

Personnel: M, Thomas, P. H, Caloott, P.I.
Publications: ©

Frozen and thawed E. goli show a phenomenon called "metabolio
injury". This is manifest when the stressed organisms are challenged
with a nutrient rich (nutrient agar) and a nutrient poor (mineral
salts and glycerol agar) medium with the plating efficienoy being high
and low respectively., This phenomenon reported many times over the
last twenty years has never bsen fully explained.‘-d The faotor(s)
present in the rich, but not the poor, medium has been sought and
found many times. However, in some systems it is one or a family of
anino acids while in others it is short peptides, This lack of ¢on=
sistenoy has led me to postulate that metabolie injury is really an
example of disruption of cell control prooessss, Since small molecu-
les such as oyoliec AMP, oyclie UMP and guanosine tetraphosphate have
been ilmplicated in ocell control processes, this has led me to deters
mins whether the nuoleotides, singly or in combination, could alle-
viate metabolic injury. Using a strain of E. golli used by others to
study the phenomenon, we found that 1 mM eyolic GMP (G) or 1 mM guanow
sine tetraphosphate (T) but not oyoclie AMP (A) in the plating medium
¢could partially alleviate the phenomenon. Moraecver, in oombination,
A+T, G+T, A+G or A+T+G, the phenomenon was abolished., Organisms when
inoubated in a single salts solution or nutrient broth at 37°C for 1
hour repaired the injury and did not exhibit the phenomenon.
Organisms whioh showed metabolio injury (deorsased ability to grow on
a mineral salts agar medium) alse induced the lao=operon at alower
rates than unstressed ocells only when challenged with lactoses as
inducer (not the gratultous inducer, IPTG) in a salts medium with gly~-
cerol (not nutrient broth), Organisms allowed to repair 1 hr at 37°C
before challenge bahaved like unstresaed organisms. When the induge
tion medium (mineral salts + glyserol) was supplemented with 1 mM
oyollo GMP or guanosine tetraphosphate, streased organisms induced the
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dag-operon at normal rates; 1 mM oyelio AMP did not alleviate the
phenomenon. I suggeat that metabolic injury is a phenomenon conneatad
with the general control of cell metabolism. Stresses, such as
freezing and thawing, disrupt the produection and degradation of
control nucleotides and other soluble intermediates. The "incorreot"
levels of these nucleotidaes l'or that particular envirorment cause the
organism to be unable to divide when challenged with an otherwise
acceptable growth medium, There appears to be many similarities bet-
ween metabolio injury and asubstrats accelerated death (Seotion U),

d. 'Effeot of oytoskeletal disruptive drugs on cell viability and

metaboliam

Perscnnel: B. Ghanl, B.S. M.S.; R. Petty B.8, M.S.; K. Knisley
B.S, MuSu’ D. Morton B,S. M.S, Ph.D, (D‘pto of Biol, SOiu’ W.“"J);
P, H. Caleott, P.I.

Publications: 1, OJS Abstract (Appendix A)

E+ goll can grow in the presence of very high concentrations of
the eucaryotic oytoskelston disruptive drugs, oytoohalasin B, colohi=
olne and vinblastin. However, stressed organisms (frozen and thawed
in water) are susceptible to these drugs at oconcentrations much higher
than for eucaryotes. Presumably the freezing proocss makes the cell
wall and membrane permeable to the drugs. All three drugs can
deorease viabllity of stress populations to that of saline frozen ones
in a dose dependent manner., At concentrations which decrease
viabilities, vinblastine inhibited RNA and protein synthesis by 90 and
H0% respectively while oolohicine inhibited these two processes by 80
and 65%; neither drug inhibited DNA synthesis by more than 5%.
Cytochalasin B, while not inhiblting proteln synthesis, inhibited DNA
and RNA ayntheses by 95 and 85% respactively} low oconcentrations of
the drugs whioh did not affect viabiliby were without effest on any
macromoleoular synthesis rate, Electronemicroscopic examination of
stained thin sections of the organism showed then the frozen ocells
possessed oondensed nuclear regions while drug treated cells contained
either very condensed single nuclear regions or oondensed dispersed
nuclei (dependsnt on the drug).

This study indicates that the oytoplasm and nucleus of this
procaryote is possibly highly organized and shares similarities in
organization with sucaryotes, Since these drugs are active not only
against viability, and bilochemical activities but also ultrastructural
properties, it would suggest that a oytoskeleton is preasnt in pro-
ocaryotea that oontrols central processes.

This study is baing written up as a paper for submission in the
next slx months.
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e, Loss of mercuric ion resistance in Pseudomonas asruginosa

Personnel: P. H, Caleott P.I.

Publications: 3, FEMS Letter, Applied and Environmental
Microbiclogy paper, 2nd International Symposium on Mierobial
Ecology, Abstract (Appendix A)

This study was completed and published.

2. Effeots of Streass on Qenetic Stability

a. Mutagenio action of freezing

Perscnnel: A, M. Gargett B,S.; P. H. Caloott P.I.
Publiocation: 1, FEMS Latter (Appendix A)

b, Sensitivity of DNA repair deficient mutants of E. coll
Persennel: M. Thomas; P. H, Caloott P.l.

Publication: 1, FEMS Letter (Appendix A)

o, Sensitivity of DNA re air deflioient mutants of P, asruginosa
f an R-Plasmid

and effect of
Personnel: D. Williams; F. H. Caloott P.I.

Publioations: 2, Journal of General Miorobiology, Miami Tissue
Culture Assooiation Abstraot (Appendix A)

d. Plasmid ouring
Personnel! L. Andersenj D. V. Wood B.S.} P. H. Caloott, P.I.
Publicationt 1, 2rnd International Confereace on Miarobial

Boo.ogy, Abstract (Appendix A)

Two plasmids (RP4 in E. oold and PPL1 in P. meruginosa) oan be
oured no* only by regular ouring agents, heat, detergent, aoridine
orange, acriflavin, mitomycin C, pyocyanine but also by freezing and
thawing. The freezing and thawing process, not the storage event 1s
responsidle. Even in the worst situation less than 10% of the popul
tion was oured of plasmid., This suggests that stresses such as
freezing might play little role in curing natural populations of the
plasmids unless the plasmid is relatively unstable, in whioh case th
stress might play a signifioant role, These data are to be written
as a short note,
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e. DNA damage snd its repair
Personnel: J. C, Song B.S. M.S. (agr) M.S.; P. H, Caloott P.I,

Publications: 2, Mlami Valley Tissue Culture Association Abstract
M.S. Thesis (Appendix A)

Mr. Song oconducted a study to determine whether single strand
breaks were introduced during freezing and thawing. This study was
coripleted; he successfully defended his thesis and presented a
poster seasion of his data,

3. Ihe Relationship of Cell Composition to Survival Potential

There are two ways to approach this problem. Organism ocomposition
can be changed phenctypically by altering the cell's environment which
results in altering the cell's physiology and compositicn.
Alternatively, cell composition can be altered genetically. Both
approaches have been utilized in these studies,

&: Chemostat study
Personnel: R, Petty B,S. M.S.; J. Runkle B.S. Ph D. (Dept. Biol.

Soi-, WSU). P. H. Caloott P.I.
Publication: 1, FEMS Letter (Appendix A)

By growing E. ooli in ochemoatat at four different growth rates
(0.1, 0.2, 0.3, 0.5 h~1) under ocarbon an: ammonium limitations, we
have obrained slght phenotyploally different populations, They differ
in responss Lo survival on five different medim (nutrient agar (NA),
detergent supplemcnted NA, salt supplemented VA, Endo agar, MF=C agar)
af.er slow or fast freezing and alow or fast thawing. In general,
survival 1s higheat in slowly growa versus rapidly grown, nitrogen
versus sarbon~limiting conditlons. Survival is highest on nutrisnt
agar, followed by salt su.plemented agar; survival on the endo or MFC
agars as well as detergent supplemented agar is very low. Organisms
survive batter whe. frozen at fast versus slow rates and thawed
rapldly versus slow. Cell oomposition is affected by the growth
environnent, Lipid (sees attached paper) and lipopolysaacharide
(L.P.S.) compositions are affected. Under ammonium limitation the
chain length of the L.P.S. is increased (measured by hexose,
hexnsamine, sedheptulose, pentose to KDO ratios). The precise rela-
tionship between cell oomposition and survival potential is u.der sta=
tistical analysis by Dr. J. Runkle and will be available in 3=6
menths,

By
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b, Plasmid mediated alteration in eryoresistance in P, aeruginosa
Personnel: W. Levine, B,S.; N, H., Truong B.S.; C. Zaborowski
BeS.{ M. Thomas, Q. Campbell B.S.} D. Decerbo B.S.; D. Williams,
C. Ellis B,S.; I. M, Leffak B.S., Ph.D. (Dept. of Biol. Chem. WSU);
P. H. Caleoott P.I,

Publication: 1, FEMS Letter (Appendix A)

A drug resistance plasmid alters not only the drug resistance of
the host strain but also its resistance to freeze-thaw, Plaamid
medilated decrease in resistance to freeze-thaw is accompanied by an
inoreased sensitization to EDTA and detergents but not salt (aee
attached paper). This led us to determine the molecular mechanism of
e the alteration in oryosensitivity. The plasmid does not alter the
phospholipid, neutral lipid or fatty acid composition of the host cell
y indicating that the lipid portien of the cuter and cytoplasmic mem-

t branes are unaffected, Since the plasmid altered the organisus sen-

sitivity to detergents but not salt, it would suggest that the
oytoplaamnioc membrane was unaffected by the plasmid while the outer
membrane (OM) sould be affected. Other than lipid, the OM aontaina
L.P.S, and protein., Analysis of cell L.P.S. contenta und purif'ied
L.P.8, for chromatographic properties and composition led vs to
oonclude that while amall ohanges in L.P.S. composition were

f ooourring, they were not enough to ascertain the phyaieclogical proper-
- ties observed. Extraction of OM protein by differential solubiliza-
1) tion or by ultracentrifugation and analysis by S.D.S.-polyaorylamide
gel eleotrophoresis revealed that the plasmid altered the outer
membrane protein compesition in a complex fashion, espeolally in ata-

éﬁ tionary phase orgunisms,

f , This system was analyzed further using an outer membrane protein
(Palmitoyl CoA esterase) with enzyme activity., We showed that the

1 plasmid altered the susceptibility of the outer membrane to stress.

In whole cells, the enzyme is totally cryptic (»99.9%) with 100% acti-
vity balng expressed after French Press disruption., Partlal disrup-
tion of the outer membrane by slow or rapld freezing ocaused partial
exposure of the enzyme at the cell surface (enzyme was not released or
inaotivated by freaze-thaw). In the plasmid-deficient strain, fast
freezing expossd less than 20% of the enzyme while slow exposed
83-100% of the activity. Comparable results were obtained in log and
stationapry phase oultures, Log phase caells of the plasmid containing
strain grown in the same medium exposed more of the enzyme after slow
and fast freezing, 100 and 68%. Stationary phase organiasms did not
expose as muoh of the enzyme even after slow freezing (35%). When the
plasmid containing atrain was grown in a medium (N.,B,) supplemented
with mersuric ions and atreptomyein, the enzyme was immune to freeze
thaw induced exposure (€54). In addition, the presence of the plasmid
altered the distribution of protein, L.P.S. (KDO), Palmitoyl CoA
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esterase, phosphodiesterase and arabinose binding protein (OM or
periplasmic components) but not iscoitrate dehydrogenase .an intra=
cellular enzyme) on osmotio shook of the cells, This is further evi-
dence for the plasmid altering the outer membrane and wall., This
study will be written up in the next 6 monthas,

6. Involvement of L.P,S. in oryoresistance
Personnelt G, Bennett B.3.; A, Seaver B,S,; P. H. Caloott P.I.

Publications: - 2, ASM Abstract, Applied and Environmental Mioro=
biology paper (Appendix A)

d. Involvement of O.M. proteins in oryoresistance
Personnelt R, Petty B.S. M.S.{ K, Caloott, B.S.} M. Thomans;

P. H, Caloott P.I,
Publication: 0.

A series of mutants (gmpA, ompB, tsx and lpp) of E. o 1 with
altered outer membrane profiles was examined for sensitiv y to oer=
tain antibiotics, detergents, salt, EDTA and freezing and thawing.
While the MIC'as for tetracyoline, neomycin and polymyxin B were unaf=
feoted by the mutations, the MIC's for baoitracin and novobiocoin ware
greatly reduced in some of the mutants, Loss of the ompA or tsx gene
produot did not affeot the sensitivity of the organism to ohaTT?hse
with either low or high oconcentration of SDS in the presence or
absence of EDTA. While loss of the ompB gene product protected the
organiam from these stresses, loss of the lpp gene product severely
sensitized them. Loas of any of the gena produacts reduced the ata-
bilty of the outer membrane as evidenced by an increased sensitivity
of cne strain to SDS in the plating medium while very little change in
the sanaitivity of the strains to NaCl was seen, Loss of the ompi,
tsx and especially the lpp gene products inoreased the sensitivity of
the strains to alow o rapid freauing and thawing in water or saline
while the loas of the ompB gene product protected the organism. Many
survivors axhibited both wall and mombrane damage, with losa of the
Lsx, ompA or lpp gene products resulting in an inorease in the inoie
dence of wall and membrane damage in the survivors while loas of the
__§B gene produot protected the organism for both types of damage when

ls had baen subjested to freezing in water, When frozen in saline
only loas of the lpp guene product dramatiocally inscreased the propor=
tion of survivors with wall and membrane damange. These studies indli-
cats that the outer membrane proteins inoluding the porin proteins
(__EA)! the structural lipoproteins (lpp) and the struotural proteins
ooded or controlled by gmpB and tax play important roles in stabi-
lizing the outer membrane und protesting the organism when atreased.
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e, Involvement of lipids in oryoresistance
Personnsl: A. Blasingame; T, Cracej P. Bishop; L. Manzo;

K. Dickey; J. N, Oliver (Dept. Biol, Sai., Univ. N, Carolina,
Charlotte); P. H., Caloott P.I.
Publications: 0O

A fatty acid auxotroph of E. goli (FabA) is unable to make une
saturated fatty aclids at 37°C.3 However, 1t will inocorporate exo=
genously added unsaturated fatty aclds direstly into the membrane
lipids. Using these teohniques, we have determined the effect of
chain length and degree of unsaturation of the added fatty aold on the
resistance of the organism to freeze-thaw, detergents in resting
suspension, and detergents and salt in growing situations. In
addition, the effect of mdded fatty acid on the retention of
B-~galaatosidase (an intracellular snzyme), phosphodiesterass
(perplasmic enzyme) and L.P.S. (one component) after freeze~thaw
atress was investigated, Whan organisms ware enrioched with the phye
slologlcal fatty moids (16:1 or 18¢1) survival from freeze-thaw,
reterition of enzymes and KDO and reaistance to detergents and salt
were maximum. When 1411 or 2031 was enriched in the membranes, the
organism showed more susceptibllity to stress, Further senaitivity to
the stresa was seen for organisms enriched in 22:1 fatty meid. These
orgunisms were so sensltive they released large amounts of KDO and the
two enzymas without apparent strsss, Enrichment in 18:2 versus 18:1
resulted in a more stable cell to stress with less release of enzyme
at KDO, increassd resaistance to freeze~thaw and inoreased reasistance
to detergent and salt.

When E. ooli entera atationary phase it modifies its unsaturated
fatty acids 1611 and 1811 to the appropriate oyclopropane fatty asid
(41710 and A19:0) by methylating and oyelizing the double (E-c) bond,
The physiological funotion of these fatty amcida is unknown." However,
some wWorkers have pressnted evidence Lo indicate that strains whiak
ayntheslze high levels are more resistant to freeze-thaw atress than
atrain which do not, Theas studies were performed with a highly
variable gunetlic background, Cronan has isolated and oharacterizad
two mutants of E. ooll (FT16 and 17) which unlike the wild type do not
oonvert unsaturated fatty ameid to oyclopropane fatty acid. Using
these strains we have compared log phase (whioh do not contain the
oyolopropane fatty acid) and the stationary phase organisms for
resistanoce to fressze~thaw, detergents in growtli and non-growth
sltuations and salt in growing situationa as wall as release of the
enzymes B-galactosidase (internal) and phosphodiesterase (periplasmia)
and L.P.S, after freeze~thaw, As shown by Cronan the mutanta did not,
while the wildetype did, eonvert unsaturated fatty acids to the
oyclopropane form.




Log phase organisms from the thres atrainas showed slight
variations in sensitivity to freeze<thaw indlcating that the mutations
might be altering the orycsensitivity by a mechanism not involving
oconversion of the unsaturated to oyclopropana fatty acld {no oyolopro=-
pane fatty acid was found in any log phase organism). The nature of
the mechanism is unknown. Howsver, when stationary phase organisms
were examined, it was evident that oryoresistance in water was unaf=-
racted by the mutations, while that for organisms frozen in saline was
influenced, The resistance for the strain synthealzing no oyclopro-
pans fatty aold (FT16.17) was 2 to 3 fold higher than the strain eon-
taining the ecyoclopropane fatty meld (FT1). This was shown for
organisms frozer rapidly or slowly. When stationary phase organisma
were oompared, survivors of saline freezing in the mutant strains
ahowed leas wall and membrane damage than comparable survivors of
strain FT1. The difference was less evident for water frozen ata-
tionary phase organiams or for water or saline frozen log phase
organisms, In addition, sensitivity to detergents during growth and
resting states was also influenced by the mutations. Whlle log phase
organisms showad comparable reaistance to detergents, atationary phaass
mutant organisms were 3=l fold more resistant to SLS in growth
situations (plating medium) and 2 fold in resting state in the pre-
sence or abssnce of EDTA., Similarly, less phosphodiesterase, and LPS
(wall components) and B-galactosidase (a oytoplasmis enzyme) was
releassd from saline frozen stationary phase populations of mutant
organisms than the parent wild=typs strainj little difference in
releass was seen from atationary phase organisms frozen in water or
from log-phase organisms,

These two studies indioate the role of the lipld components in
determining the resistance of organisms to stresses inoluding freezing
and thawing.

f. Yeast membrane alterations

Peraonnelt A. H., Rose B,Sc. Ph.D. (Dept. Blology, University of
Bath, England); P, H. Calocott P.I.

Publication! 1, J. General Miorobliclegy, submitted and accepted
(Appandix A)

4. Starvation and Substrate-Accelerated Death

Perasonnelt + Jo Calvert B.S, M.D.s} G, Bennett B.S.,} M. Thnmaa;
P, H, Galoott, P.I.

Publiocationa: 3, 2 ASM Abatracts, Journal of General Micro-

blolegy (Appendix A)

Logt 4.
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Mr, Calvert investigated the role of ayoclie phosphodiesterase
(converts cyclic AMP to 5'AMP) in the phenomenon of substrate acce-
lerated death (SAD) in Klebsiella. His thesis work was presented at a
recent A.S.M., Meeting and published as a paper (J. General
Miorobiolegy)s This study was oontinued by 0. Bennett (an honors
undergraduate) using E. coli where genstically defined mutants were
availabls, Using oya*, (adenylate oyclase~, unable to convert ATP to
oyclic AMP), orp” (catabolite repression protein~, unable to utilize
internally generated oyslic AMP to induce the lag-operon),
opd~ (oyolic phesphadiesterase™, unables to degrade oyolio AMP to
S'AMP) and orp* oyaA (deleted adenylate cyolase gens-unable to make
oyocllis AMP, and a ocatabolite repression protein that does not require
oyclia AMP to funotion), she determined the oritical genes for SAD in
E. goli. While the wild=-type parent showed laotose SAD, the orp-,
8pd™ and the gyaAorp®* mutant strains were resistant. The gya™ strain
was sensitive to atarvatlion even in the absence of lactose and was
also sensitive in ita presence. She dedused that for SAD to oocur the
tell required aotive degradation (apd*) and synthesis (gya*) systems
as well as a oyolic AMP requiring system (crp*) in E. goli.

In addition, SAD was investigated in E. coli further., As reported
for Klebsiellm, lactose SAD caused a ralease of greatsr than 99% of
the oyolic AMP from the stressed orgarnisms within the first five minue
tes of stress, Comparable starvation of the organismas in buffer or in
a protected environment (Lactose plus 10 mM Mga*) caused lesa relesase
(~20%) of the nucleotlde. Starvation of a wild=type strain
(suscaptible to SAD) in saline phosphate did not dramatically alter
the level of the CRP in the cell whereas starvation in the presence of
lactose caused a 3=5 fold inorease in the lavel of the protein.
Proteotion of the organism by oyollo AMP or Mg+ suppressed levels of
the protein to those found in buffer starved organisms., As shown for
Klebslella, the carbon source in the growth medium played a oritical
role. Glucose-grown E. goli showed glucose SAD but not fruatose, man-
nitol or lactose SAD, while fructose grown nells showed gluocse and
fructose SAD bubt not mannitol or laotose SAD. Laotose grown cells
showed lactose and glucose SAD and also isopropyl thiogalaotoside
(IPTQ) and thiomethyl galactoside (TMP) (both are inducars of the lao-
operon and are transported by the lag permease yet are not degradeﬁTT
That the transport mechanism and not metabolism played a oritical role
in the phenomenon was strengthened ainos a lactose analogue (thio
dlgalactosida) which binds irreversibly to the lag permease and prew«
vents transport, prevented lactose SAD in lactose=grown cells, In
addition, a mutant of E. goli unable to utilize arabinose (araA) was
equally sensitive to arabinose SAD when grown in the preasencs of ara-
bincss as was a wild-type revertant. Permeaas driven transport of
arabinose and not Lts actual presence in the cell was reguired for
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expression of arabinose SAD since a permease™ mutant (still able to
tranaport the sugar by the periplasmic binding protein system) was
immune to phenomsnon whereas a binding protein® mutant (with active
permease) was sensitive. These findings in Klebsiella and E. gcoli are
compatible with SAD being medlated by sugar transport control of the
enzyme adenylate oyclase described by Psterkofsky.

Ms. Bennett also investigated the possibllity that SAD might
involve the unusual nucleotide guanosine tetraphosphate (ppGpp). She
found that spoT strains (unable to degrade the nucleotide) were immune
to lactose-SAD irrespective of the status of the relA gens (that
controls synthesis rate of the nuoleotideﬁ This implied that laoctose
SAD might involve the lasvel of this nucleotide. Thia was strengthened
when ppGpp {1 mM) was shown to proteat organisms from lastose SAD.

P a

When organisms are shifted from a complete medium (growth) to a
starvaticn medium (buffered salins), the cell experiences a nitrogen
source depletion and stimulates synthesis of ppGpp whioh accumulates
in the cell. Howaver, if they ars starved in the pressnca of lactose,
the level of nitrogen source is not only depleted but an unfavorable K
C/N ratic ensues. The organiam responds by synthesizing pplpp at a 4
faster rate which results in'a faster accumulation (2«3 fold). These k
organisnms are sysceptible to lactose S.A.D, If the organisms are pro=
teoted by Mg2* or ayelic AMP, the lavel of the nuocleotide was between
3 and 5 fold higher., Thus depletion of internal oyolis AMP by star-
vation in the presence of laoctose prevented synthesis of ppGpp
(external eyolic AMP and Mg2* prevented loss of oyolie AMP from orga=-
nisms suffering from lactoss SAD). The inability to produce internal
PpGpp does not seem to be the orucial faoctor since a relA* speT strain
was unable to synthesize high laevels of ppGpp in starvation conditions
with lactoso but was susceptible to lactose SAD and a relA™ spol*
which was unable to synthesis high levels of ppGpp in the presence of
lectose and Mg+ was immune. However, when organisms which had been
starved in lactose with or without Mgé* were transferred to a growth
medium, the intracellular level of ppGpp decreased gradually., In
8poT* strains the level of ppGpp was maintained longer in organisms
starved in lactose plus MgR* than lactose alone, irrespective of the
state of the relA gene. In spoT™ strains, the level of ppUpp was
maintained for times comparable to 3poT* strains astarved in lactose
plus Mgé* irrespective of the relA gene state or whether or not Mga+
was included in the starvation environment with lactose.
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These studies will be written up as two papers in the forthooning
year and are to be presented at the ASM Annual Meeting, 1982,
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5. Cryoprotection

;: ’ Parsonnel: A, C., Draper III B.S. M.S.; T, J. Calvert B,S, M,D.}
M. Thomla; P. H. Caloott P,I.
2 Publications: 2, FEMS lettsr, Cryoletter (Appendix A)

6., Survival in environmental situations
Parsonnel: R, Petty B,3. M.S.; P, H., Caloott P.I.
Publication: 0 . .o

A variety of methods were evaluated for enumeration of unstressed
and freeze~thaw stressed Escherichia ooli in a defined laboratory
aystem. All three straina tested, lnoluding a laboratory and two
natural, lsolated strains, behaved similarly. The most probable
o number method enumerated few of the viable cells while the membrane
;' filter method snumerated higher percentages at both 37°'C and 44,5°C;
- the spraad plats method was intermediate, Endo medium enumerated
i stressed and unstressed cells almost as effectively as nutrient agar
A at both temperatures while EC and MFC falled to deteot a high propor=

' tion of the survivors. The streas induced sensitivity to EC and MFC
media was ropairable, though the kinetics of repair were dependent on
temperature of incubation on the viability determination medium and

E: strain of organism. Recovery of organisms inocculated into a frozen
- soll system in the field was high on Endo medium at 4U~5°'C, compared
. with Endo at 37°'C, and was also high on MFC at both temperatures only

g When samples were allowed to repair at 37°C on nutrient agar bafore
P assay., Recovery of the stressed organisms on MFC direotly was poor.

{
&
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THE EFFECT OF FREEZING AND THAWING ON THE TRANSPORT AND RETENTION OF AMINO ACIDS
1:45 BY ESCHERIGHTA COLI.Suman M, Stosnbergen and Pater M, Galcett, Dupartment of Biol~

ogleal Scivocus, Weight State Unlvarslty, Vayton, Ohio, 45435,

When E, coll is frozen under alther "slow" or "fawt" freezing conditionu and thaw=-
ed a proportion of tha population fuils to divide on a rich medium, Of the aurvivors, a furth-
ar portion alpo fails to divide whon streased with agents wuch as duoxycholate, sodfum chlogs
ide and Actinowycin B, Thone celln aro termed structurally fnjured, Given appropriste condit=
fons , thase cells are capublo of repairing  the damage and vegaining the abllity to divide
on thuse media, When froren and thawed, colls energisoed by variousw electron-donors partially
lowe the capacity to transport an aminoe acid mixtutre, Stressing agents show tha cally to be
turther Jamaged whon measured by transpovt capacity., Wheo repairved, celly ars capubla of
trannporting the nutrients at ratee cowparable to that.of .unfronen celle,.Onee the. amino ncida
8ra tranwported into the cells (pruloadud), they are votained at high laveln, ¥rozen calls
losa a proportion of and the abilily to rataln these compounds aspecially under strensing
situdtiony, Repairod vells tranuport the reluvasad mator{sl and retain thess nutrionts to
luvels comparable to unfrozen cellu,

This ronearch wae suppurted by a National Institutes of Hoalth Blomedical Orant to Wright
State Univaruity and Peter H, Calcott (No, 1=507-RrO~7155-01).
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THE EFFECT OF FREEZING AND THAWING ON THE UPTAKE
AND RETENTION OF AMINO ACIDS IN ESCHERICHIA coL1t

Peter H., Calcott, Susan M. Steenbergen¥*
' and Rita S. Petty
Department of Biological Sciences

Wright State University
Dayton, Ohio 45435 U.S.A,

FEMS Letters 6:267-272

*Present address, Department of Microbiology, Case Western Reserve
University, Cleveland, Ohio U.S.A. 44106

tparts of this study have been presented at the American Society for
Microbiology Annual Meeting in Las Vegas, Nevada, U.S.A., May, 1978.

SUMMARY

E: Escherichia coli is sensitive to freezing and thawing in water or

if galine when coolad slowly or rapidly, The survival of these populations

is dependent on the medium used to assess viability, After freezing and

thawing, uninjured, metabolically injured, structurally injured and dead

cells can be recognized, S8tructural damage can be detected in the cyto-
2

Lgé plasmic membrane and the wall layers. This damage can be repaired given
E : appropriate conditions, Amino acid transport and retention activities

S which are resistant to cold shock end a detergant,decrenna when calls are

frozen and thawed. They also become sensitive to the detergent but not to

cold ahqck. Under repair conditions, the activities increase at least
partially and regain registance to the detergent. Statistical analysis
indicates that water and saline induced damage during freezing and thawing
proceed by different mechanisms with the latter containing most probably,

two components, & water induced and a saline induced element, :
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ABSTRACT SUBMITTED TO:
OHIO ACADEMY OF SCIENCE

PROTEIN SYNTHESIS IN ESCHERICHIA COLI RECOVERING FROM FREEZING AND THAWING DAMAGE.
Baharrudin A. CGhani and Peter H. Calcott, Dept. of Biol. Sci., Wright State Univ,,
Dayton, Ohio 45435

When bacteria are frozen and thawed, the population loses the ability to form
colonies on media particularly those containing selective agents. Surviving pop-
ations include injured bacteria with damaged cytoplasmic membranes, DNA and outer membranes.
:11s also lose the ability to respire, generate energy and utilize it to drive active
‘ansport. We have examined the effect of freeze-thaw on another cell process, protein syn-
.esis. Stressed cells show-a dramatic-decrease in protein synthesis activity which relates .
‘t to overall viability but to the level of injury in the population. By comparing the effect
various protein synthesis inhibitors such as chloramphenicol, tetracycline, kasugamycin,
reptomycin, puromycin and by using sodium dodecyl sulphate polyacrylamide gel electrophoresis
DS-PAGE) we have characterized the proteins synthesized immediately after stress. Toluene-
eatment of E. coli also results in the dramatic decrease in protein synthesis rates with only
ter membrane proteins being synthesized. We have characterized the proteins synthesized
. this system with the same inhibitors and SDS-PAGE. We have compared the proteins synthesize
ter toluene treatment and freeze-thaw with those produced by whole cells to determine
ether these stresses act differentially on free and membrane-bound ribosomes.
This research was supported by a grant to PHC from U.S. Army Research Office (No. DRXRO-
~15525-L) and a research fellowship to B.A.G. from M.A.R.A., (Malaysia).



RIFAMPICIN INHIBITS PROTEIN SYNTHESIS IN
TOLUENE-TREATED ESCHERICHIA COLI

BAHARUDDIN A, GHAN! AND PETER H. CALCOTT
FEMS Letters (in press)

Rifamplein can Inhibit proteln synthesls in toluene~treated
E.coll by decreasing the half 1ife of messenger RNA., [ts mechanism Is
not by an action on energy generation or RNA synthesls, The use of rifampicin

as a spaclflc RNA synthesis Inhlbitor Is questioned.
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ABSTRACT

Abdul Ghani, Baharuddin. M.S., Department of Biological Sciences,
Wright State University, 1980. Protein Synthesis in Escherichia
coli after stress,

When Escherichia coli is frozen and thawed. a portion of

the population dies while the survivors are capable of forming
colonies. Of the survivors, a portion exhibits membrane damage as
evidenced py an inability to form colonies on NaCl-supplemented agar
medium while another portion exhibits wall or outér membrane damage
since they fail to form colonies on‘detergent (sodium lauryl sulphate)
supplemented agar medium. Yet another portion shows no damage. By
manipulating the cooling and warming rates employed to freeze-thaw
the population and the freezing menstruum (by including the cryopro-
tectants glycerol or sucrose), the relative proportions of unharmed,
damaged and dead cells can be altered. Protein synthesis is in~
activated by freezing and thawing. Similarly by altering the cooling
and warming rates and the freezing menstruum, the level of inactivation
can be varied. Protein synthesis and viability on nutrient agar,
detergent and NaCl-supplemented agar media were positively related
with the general formula y= mx + ¢ where x= % protein synthesis re-
maining; y= % viability remaining and m and c being constants. All
correlations were significant at the p< .001 level.

The proteins synthesized imnediately after stress in slow,
fast and ultra fast frozen populations were compared with proteins

made by unfrozen populations, using sodium-dodecyl-sulphate poly-
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acrylamide gel electrophoresis (SDS- PAGE), The patterns of proteins
made in unstressed cells were in general different than those produced

in stressed cells. The pattern of proteins made in strussed cells

were dependent on the cooling rates used to freeze the cells, These
patternswere also distinct from those obtained from toliene-treated

cells which made only exported proteins, By using ribosome-specific
inhibitors (chloramphenicol, puromycin, tetracycline, hasugamycin

and streptomycin) and a membrane perturbant (procaine), protein synthesis
was characterized in unfrozen, tolucne-treated and frozen-thawed cells,
In four cases (chloramphenicol, puromycin, tetracycline and procaine),
protein synthesis in toluene«treated and unfrozen cells was different-
fally sensftive to the drug.Frozen-thawed cells showed sensitivity to

the drugs comparable to unfrozen and dissimilar to toluene-treated cells,
Two drugs (streptomycin and kasugamycin) did not show differences in
action on unfrozen. freeze-thawed and toluene-treated cells,

Rifampicin and actinomycin D fnhibited RNA synthesis in whole
and toluene-treated cells. Protein synthesis in toluene-treated cells
was {nhibited by rifampicin but not by actinomycin D, Addition of CTP
and UTP to the reaction mixture (containing ATP and CTP) did not influ-
ence RNA or protein synthesis in toluene-treated cells. Rifampicin
but not CTF and UTP, increased the decay of labelled RNA 1n toluene-

treated cells,

From these studies, the following conclusions were drawn,
1) Protein synthesis was inactivated by freezing and thawing E coli,
The level of fnactivation followiny stress correlated in a Tincar
¥y« x manner with the level of {njury to the cell membrane in the
population.

2) The patterns of proteins made after stress, as determined by
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the course of this study, rifampicin was found to inhibit protein syn-
thesis in toluene-treated cells, More than 70% inhibition was noticed
when rifampicin was added to the reaction mixtures (fig. 22), which
already contained ATP and GTP as energy sources. The precise mechanism
whereby rifampicin inhibited protein synthesis seemed unclear and could
not be resolved with tha data available, However, four possible hypo-
thesis could be proposed to explain its action:

1) Rifampicin {nhibited enregy generation

2) Rifampicin inhibited RNA synthesis which was a required

step in protein synthesis in toluene-trcated cells.

3) Rifampicin altered the stability of RNA and then

inhibited overall protein synthesis. '

4) Rifampicin inhibited a crucial step in protein synthesis,

Hypothesis 1 seemad unlikely since high levels of ATP and GTP
were added as energy source. Wypothesis 2 seemed possible and so the
following experiments were undertaken to test it.

If RNA synthesis was important then addition of CTP and UTP

together with GTP and ATP might stimulate RNA synthesis.and hence protein

synthesis in toluene-treated cells. Figure 22 shows that the two nucleo~ -

tides when included together did not stimulate protein synthesis,

The possibility that RNA synthesis was occuring in toluene-
treated cells and whether CTP and UTP stimulated its synthesis were
examined, Figure 23 shows that RNA synthesis was occuring in whole
cell and was senstitive to rifampicin. RNA synthesis was much less
active in toluene-treated cells (4%) and was sensitive to rifampicin,

The addition of CTPand UTP did not inhibit or stimulate RNA synthesis.

S an e sax




';
it
i
N
d
X

5DS-PAGE was different, and depended on the cooling rate employed.
They were also different from those made by unfrozen and toluene-
treated cells, -

3) Antibiotic sensitivities of protein synthesis in unfrozen and
toluene-treated cells were different for four (chloramphenicel,
puromycin, tetracycline, and procaine) out of six antibiotics tested.
Sensitivity of protein synthesis by frozen-thawed cells was similur to
that of unfrozen and distinct from that of toluene-treated cells.

4) No evidence was obtained to show that membrane-bound and cyto-
plasmic ribosomes were differentially sensitive to freezing and thawing
or that frozen-thawed cells made exported proteins to repair wall and
membrane damage exclusively, '

5) Rifampicin was shown to increase the dagradation of DNA in toluene-

treated cells and therefore inhibit protein synthesis in these cells.
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ULTRASTRUCTURAL AND BIOCHEMICAL CHANGES IN ESCHERICHIA COLI INDUCED BY CYTOSKELETAL
ACTIVE DRUGS, Pater H, Calcott, David Morton, Din A. Ghani, Rita S, Petty,
Micki Thomas and Keith Knisley, Department of Bilological Seciences, Wright State

University, Dayton, Ohlo 45435

Threes cytoskeletsl active drugs, cytochalasin B, colchicine, and vinblastin, were
tested for their ability to disrupt vital processes and ultrastructure in Escherichias coll. To
allow entry of the drugs into the otherwise impermeable cells, the bacteria wera frozen~
thaved in the presence of the drugs., A dose~dependent loss in viability was obtained for each
drug after a single freeze-thaw cycle in wataer but not saline. At concentrations sufficient
to kill the bacteris, cytochalasin B, but not colchicine or vinblastin, irhibited DNA eyn-
thesia, whereas colchicine and vinblastin, but not cytochalasin B, inhibited protein synthesis
directed by cytoplasmic ribosomes, All three drugs inhibited RNA synthepis, Freezer
thawing in water, saline or in the presence of the drugs, caused characteriscic disruptions of
normal.ultrastructure.--In general, these .treatments.produced changes in the granularity of

the cytoplasm and distribution of the nucleoid,
These biochemical, ultrastructwral and vinbility data Buggest a structural organizacion
for bactarial cytoplasm and nucleoid which is required for basic ce¢ll function and growth,
It is possible that the cytoplasm gtructure could be due to the presence of procaryotiec equive
alents of eucaryotic microtubules, microfilaments and microtrabeculae,
This research was supported by US Army Dept. of Research (Grant No. DRXRO-CB-15525-~1).
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INDUCTION OF PLASMID~BORNE MERCURIC ION RESISTANCE
BY STREPTOMYCIN 1IN PSEUDOMONAS AERUGINOSA

PETER H. CALCOTT
Department of Biolopical Sciences
Wright State University
Dayton, Ohio 45435

SUMMARY

Populations of Pseudomaonas aeruglnosa PAOLl harboring a strepto-
mycin and mercuric ion resistance plasmid (pPLl), when not preadapied
to growth on mercuric ion media, died or showed extended lags when
incculated {nto mercuric ion supplemented media. Growth in the pres-
snce of mercuric ions or streptnmyein caused an adaptation of the
population to mercurig ions and eliminated this lag and killing.

A NADPH dependent Hg" oxido reductase was detezsted incells grown in
the presence of mercuric ions and/or streptomycin which was not
present in cells grown in the absence of these agents. Streptomycin
acted either as an inducer of the mercuric jon resistance genes or

caused duplication of these resistance genes.




Transient Loss of Plasmid-Mediated Mercuric Ion Resistance

b After Stress in Pseudomonas Aeruginosa
PETER H, CALCOTT
Department of Biological Sciences, Weight State University, Dayton, Ohio 45415
Received 7 April 1980/ Accepted 27 Murch 1981
§ After freezing and thawing, Preudomonas aeruginosa harboring a drug resiat-
ance plasmid (g7, Str'), beeame neutely senaitive to mereurie jons but not 1w
;F;‘f. streptomyein in the plating medium, whereas ita sensitivity to both agents became
1 more prohounced indicating a synergistic effect, This frevze;thaw-induced sensi-
i tivity was transient nud capable of being repuired in a simple salts medium,
48 Translent outer and cytoplurmic membrane damage was nlso observed in frozen
1) and thawed preparations, From kineties studies, repair of cytoplismic membrane
i damage suporseded repair of outer membrane damage and damage measured by
o mercuric lons and mercurie fons plus streptomyein, Osmotically shocked cells
b were also sensitive to mercurie fons, mercuric ions plus streptomycin, snd sodium
£} lauryl sulfute, but not to sodium chloride or streptomyein alone, This sensitivity
B was again transient and capuble of repair in the same simple salts mediun, Active
: transport of a non-metabolizable amino acld, a-amine isobutyrie acid, was sensi-
B tive to mercuric ions and became more so after freezing and thawing, A freeze-

2 thaw-resistant mercuric ion-dependent reduced nicotinamide adenine dinucleo-
. tide phosphate oxidoreductase was localized in the cytoplasm of this organism.
C This enzymu and an intact outer membrane appear to be required for mercuric
2 {on reslstance in this strain,
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TRANSIENT LOSS OF PLASMID MEDIATED MERCURIC 10N RESISTANCE
AFTER FREEZING AND THAWING OF PSEUDOMONAS AERUGINOSA

PETER H. CALCOTT
Department of Biolopical Sciences
Wright State University
Dayton, Ohio 45435

SUMMARY

After freezing and thawing, Pseudomonas aerupinosa harboring a
drug resistance plasmid (Hg2+R, strepR), became acutely sensitive
to mercuric ions but not to streptomycin in the plating medium. Its
sensitivity to both agents in tha plating wmedium became more pro-
nounced indicating a synergistic effect of the mercuric ions with
streptomycin, This f{reeze-thaw inducaed sensitivity was translent
and capable of being repaired in a simple salts medium. Transient
wall and membrane damape were also observed in frozen-thawad prepar-
ations, From kineties studies, repair of membrane damage superceded
repaly of wall damage and damage measured by mercuriec lons and
mercuric ions plus streptomycin. Osmotically shocked cells were
also sengitive to marcuric ions, mercuric ions plus streptomycin and
sodium lauryl sulfate but not to sodium chloride or streptomycin
alone. This sensitivity was again transient and capable of repair
in the same simple salts wmedium. Active transport of a non-metab-
olisable amino acid, . amino isobutyric acid (AIB), was sensitive to,
mercuric ions and became more so after freezing and thawing, A freeze
thaw resistant mercuric 1on dependent NADPH oxido-reductase was loc-
alized in the cytoplasm of this organism. This enzyme and an intact
outer membrane appear to be required for mercuric ion resistance in
this strain. ’
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Mutagenicity of Freezing and Thawing

Peter H, Calcott and Anne M, Gargett
Department of Biological Sciences
Wright State University
Dayton, Ohio 45435

U.S.A,

SUMMARY

Freezing and thawing of E. coli in saline but not water at either
slow or rapld rates caused mutations in the survivors as evidenced by inc-
rease in the frequency of trp+ revertants from a trp auxotroph. Cycles
of freeze-thaw, but not frozen storage, augmented the frequency of this
mutagenic event in a dose-dependent manner, The relationship wag also
observed for organisms subjected to ultra»violet)lShf v The cryo~-
protectant glycerol, not only protected the organisms from loss of
viability on freeze~thaw, but also prevented the mutagenic event, Cold,
osmotic or cold osmotlc shocks did not increase the mutagenic frequency.
This indicated that the freezing and/or thawing steps were the responsible
events for causing mutation, This supggested that the process of freeze-
thaw is mutagenic and that DNA could be a prime target during this

Btress,

i




SENSISIVITY OF DNA REPAIR DEFICIENT M. TANTS OF
| ESCHERICHIA COLI TO FREEZING AND THAWING

PETER H. CALCOTT AND MICHAL THOMAS

FEMS Letters (ln press)

A family of DNA repalr deflclent mutants of E.coll were
assessed for resistance to UV llght , X-rays and slow and rapid freezing
and thawing. RecA, recB, recC, polA and uvrA mutants were more sensitive

to UV light and/or X~rays as shown by others. These same stralns were

sensltive to both slow and rapld freezing In water and saline, indicating

that the gene products played a role In determining cryoresistance, |t

I's proposed that the excision repair and rec-dependant post-replication

repalr function to repalr dna damage introduced Into DNA at both slow

and rapid cooling rates.
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The Role of DNA Repair Genes and an R-Plasmid in
Conferring Cryoresistance to Pscudomonas aeruginosa

Donna L. Williams and Peter H, Calcott
Department of Biological Sciences
Wright State University
Dayton, Ohio 45435

U.S.A.

SUMMARY

The resistance of Pseudomonas aeruginosa wild-type, uvr , gglf and

rec mutants to ultra-violet light, X-rays and freezing and thawing was

determined., An R-plasmid, pPLl, which increased resistance of the wild-

type, uvr , and pol” but not rec  strains to ultra-violet light increased

the resistance of only rec  and pol  strains to x-rays and freezing and

thawing., These findings reinforce the idea of DNA as a target in the

organism for freeze~thaw stress, é
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THE SENSITIVITY OF DNA REPAIR MUTANTS OF PSEUDOMONAS AERUGINOSA TO FREEZING AND THAWING AND
THE ROLE OF A UV REPAIR PLASMID IN CONFERRING RESISTANCE TO STRESS. Donna Williams and
Peter H, Calcott, Department of Biological Sciences, Wright State University, Dayton,

Ohio 45435

A wild-type (Wt) and 5357, pol” and uvr mutants of Pseudomonas aeruginosawre
assessed for sensitivity to UV, X-ray and free.e-thawing. While uvr, pol and rec genes
were important in determining sensitivity to UV radiation only pol and rec genas played
a role in determining X-ray sensitivity. Freezing and thawing (both slow and rapid freezing,
in water and saline) senuitivity was dependent on pol and rec but not uvr gene products.
A plasmid (pPLl), which codes for drug resistance, incressed survival of wt, gg;f and 293?
but not rec strains towards UV, The plasmid, however, increased survival of rec and pol
but not wt or gxgr strains when populations were stressed with X~ray or freeze~thaw stress.
It is apparent, that freezec-thaw damage could be similar te that produced by X-rays and
could be repaired in a similar fashion., This study emphasizes the importance of DNA a»
a target for freeze-thaw stress. This work was supported by a research grant from the
U.8. Army Department of REsearch (No. DRXRO-CB-15525-L).




CURING OF DRUG RESISTANCE PLASMIDS FROM

ESCHERICHIA COLI AND PSEUDOMONAS AERUGINOSA

BY FREEZING AND THAWING

PETER H. CALCOTT, DOUGLAS WOOD AND
LISA ANDERSON
Department of Biological Scilences
Wright State University
Dayton, Ohio 45435

SUMMARY

A mercuric ion resistance and streptomycin resistance plasmid (pPLl)
of Ps. aerupinosa can be cured effectively by heat, sodium dodecyl sulphate
and mitomycin C but not by acriflavin or acridine orange. Plasmid RP4
ampicillin resistance, can be cured from E. col{ by acridine orange, acriflavin
and pyovcyanine but not by the other three treatments, If Ps. amerupinosa
PPLl are frozen and thawed either rapidly (100°C/min) or slowly (i-2°C/min)
or frozen-stored (at -20°C or -80°C) in 0,85% salina, they are cured of
their plasmid to a higher level than unfrozem cells. E. coll RP4 is also
cured of its plasmid to an extent significantly above that of unfrozen
cells. However, frozen-storage does not cause any more curing than simple
freeze~thaw indicating that the freezing and/or thawing couponent, but not
storage, caused lesions in subsequent replication of the plasmid after
thawing., It seems likely that freezing and thawing of cells in the environ-
ment might play & role in preventing wide spread of plasmids in nature.
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DNA DAMAGE AND ITS REPAIR 1IN VROZEN-THAWED ESHCERICHIA COLY. Jae Chul Song and Peter H.
Calecott, Department of Biological Sciences, Wright State University, Dayton, Ohio 45435

When Escherichia coli is frozen and thawed a pnrtion of the puopulation dies while
the survivors often show injury. A possible target for this stress is the DNA, We have
investigated the integrity of the chromosomal DNA after freezing and thawing in vivo.
Both rapid (100°C/min) and slow freezing (1-2°C/min) cause single stranded breaks (SSB)
in the DNA of E. coli as detected in 3H—thymidine labelled DNA by alkaline sucrose gradient
ultracentrifugation, A relationship was noted betwsan the number of SSB and the viability
after stress; however, kinetics were different for the two freezing regimes used,
Cryoprotectants (glycerol and sucrose) significantly reduced the numbar of SSB and
protected populations from loss of viability., The DNA damage was effectively repaired
in a nutrient rich anvironment. Inhibitors, operative against repair of UV and X-ray
induced damage, inhibited the repair of freeze-thaw Induced damage. Mutants defactive

in recA and polA genes repaired DNA damage less effectively than the wild type, uvrA or lexA

mutants, DNA damage, thus, might be an important factor in determining freeze-thaw
survival of bacterial cells. This work was supported by a research grant from the U.S.
Army Department of Research (No, DRXRO-CB-15525-L).
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ABSTRACT

Jae Chul Song, M.S. Department of Biologicael Sciences,
Wright State University, 1981, DNA Damage end Its Repeir
in Frozen-Thawed Egcherichis coldi. _ .

The effects of freezing and thawing, oycles of freeze-
thaw, frozgn storage, the absence or presence of
oryoprotective agents on populatlion viabllity aﬁd repalr of
DNA integrity were investipgated. DNA integrity was measured
by the sedimentation properties of DNA in an alkaline sucrose

gradient subjected to ultracentrifugation. DNA damage ocould

" be caloulated from the sedimentgtion properties and was

expressed as an alteration in sedimentation disﬁaqce of the
molecule from stressed cells compared wlth unstressed.
Relationships between DNA damage ond viabllity were
determined and analysed. The conclusions from this study
could be summerized:

1) DJWA is damaged by freezing and thawing in a dose
dependent manner (nuabex of cycles and time of frozen
storage).

2) A dose dependent loss of viebility was noted when

populetiona were subjected to frozen storage or cycles of

freeze-~thav.,

3) Cryoprotectants protected cells from loss of
114




viability on freezing and thawing., These protected cells
exhibited less DNA damage than equivalent unprotected ones,

4) Viebvility after stress correlated significantly
with DNA damage. The relationship. was different for
cryoprotected and unprotected populations, 78% of loss of
viability was associated with DNA damage for unprotected
population whereas 41% was associated for protected
populations, , |

5) DNA damage introduced by freezing and thawing was
capable of repairing in a nutrient rich environment, The
repalr process was inhidited by hydroxyurea, nalidixic acid,
chloramphenicol, arsenate and caffeine,

6) Mutants with defeocts in DNA repair genes were
assessed for sensitivity to ultraviolet light, x-ray and
- freeze-thaw, Al mutants (uvrA, recA, polA and lexA) were
more sensitive than the wild type parent to freeze-thaw
while their relative sensitive to ultraviolet 1light and
x-ray were similar to that reported by others.

7) The ability of the mutants to repair freeze~thaw
induced DNA damage was assessed, All mutanis were capable

of repairing essentially all DNA damage introduced by +the

stress., Thus recA, polA, lexA and uvrA gones wexre not
ecsential for repair of freeze-thaw induced DNA damage.

8) A model was proponsed to relate the stress of freeze=-
thaw to loss of viability and included the role of DNA and
membrane damage in the phenomenon,

9) Two models were presented to indicate how freeze~

iv
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thaw DNA damape could be repaired in wild type and mnutant i

gtrains of E. coli. 1@
10) The significence of DNA damoge in environmental : ‘

situations was discussed,
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PHENOTYPIC VARIABILITY OF LIPIDS OF ESCHERICHIA COLI
GROWN IN CHEMOSTAT CULTURE

Peter H, Calcott and Rita S. Petty
Department of Biological Sciences
Wright State University
Dayton, Ohio 45435

FEMS Letters (in press)

SUMMARY

Phospholipids and fatty acids were extracted and analysed from

Escherichia coli grown in carbon-limited and ammonium~-limited basal salts

media at 37°C in chemostat at growth rates of 0.1 to 0.55h~1, Phosphatidyl
glycerol (PG), phosphatidyl ethanolamine (PE), diphosphatidyl glycerol (DPG)
and an unknown component were detected in all preparations, Ammonium=-
limited cells showed a con;tant composition while carbon-limited cells

showed growth rate dependent alterations in the proportions of DPG and PG,

At low growth rates the DPG content was low while at high growth rates the
proportion increased to that found in ammonium-limited ecelle, The PG content
showed the reverse trend. Fatty acid composition was also modulated by
growth conditions., While the overall degree of saturation and average

chain length were constant (indicating a constant f£luidity of the membrane),

" the relative proportions of the major fatty acids €y, ,q, Cy4:10 C16:0' C16:1v

C18:0* C18:1» ©18:2) were dependent on growth conditions, It is postulated
that key enzymes iun fatty acid and phospholipid biloaynthesis are under
catabolite repression, Survival of the cells grown under these different
conditions appeared to relute to the levels of PG, DPG, and C16:0 and

C1g:0 fatty acids in the membrane lipids.
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Drug Resistance Plasmid (pPLl) Mediated Changes in

the Susceptlbility of Pgeudomonas aeruginosa to Stress

Pater H, Calcott, Cheryl Zaborowski, Wendv E. Levine¥

and Ngoc~Hai Truong

Dapartment of Bilologfcal Sclences
i Wright State University

3! Dayton, Ohio 45435

U.S.A,

*Pregent address ~ Department of Biology, Indiana University, Bloomington,
Indiana 47401, U.S.A, ‘
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ABSTRACT

A drug resistance plasmid (pPLl) in FPseudomonas aerupinosa increases the i

!

strains rosistance to U/V light, mercury, gentamycin, streptomycin and freezing

and thawing while it decreases Lits resistance to the presence of surfactants :
|
following freezing and thawing and to the presence of EDTA in a non-growth situ- P

ation., OCrowth kinetics in the presence of sBodium lauryl sulphate but not NaCl

vas also altered by the plasmid, We conclude that the plasmid alters the chem-

istry of the wall which changes the susceptibilty of the cells to stress.
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The Effert of Nefined Lipopolysaccharide Core

Defects on Resistance of Salmonella typhimurium

to Freezing and Thawing and Other Stressges.
GEANNLE BENNETT, ALAN SEAVER and PETER H, CALCOTI* Dept.
of Bilol. Sci., Wright State Univ., Dayton, OH 45435

A defined set of mutants of Salmonella typhimurium .
with altered lipopolysaccharide core structure was exam-
ined for sensitivity to certain antibiotics, detergents,
and freezing and thawing. The MIC's for bacitrucin, nov~
obiocin and polymyxin B but not neomycin and tetracycline
were greatly reduced in the deep rough mutants, The

deepest rough mutants were sensitive to low levels of SDS

. in starvation conditions; perturbation with EDTA in=- |

' outer membrane was more susceptible to stress. Isolation

creased sensitivity., High SDS concentrations caused !
rapid lysis in the presence or absence of EDTA. The
rough mutants were more sensitive to freezing, eithar
slowly or rapidly, in water or saline, than the smooth ‘|

stroin., The mutations did not affect sensitivity of che R

cytoplasmic membrane to freezing and thawing, though the . |- | A

of crude outer membranes showed that the rough mutants ' i R"

incorporated less protein and more L.P.S. than smooth
straing, During the isolation procedure the deep rough

outer membrane components including L.P.S. and protein !

mutants released more L.P.S. than the smooth strain. The [:] Ps .

are important structurally in determining resistance of S

Salmonella and possibly other Gram-negatives to stress, Sy
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m? 7 APPLIED aAND ENVIRONMENTAL MICROWWAAIY, v, cens, o . .
L} OUIY-224U/81/ | | NI REO2.00/0 o
9
Effect of Defined Lipopolysaccharide Core Defects on
10 Resistance of Salmonella typhimurium to Freezing and
}}, Thawing and Other Stresses
B GEANNIE M. DENNETT, ALAN SEAVER, anb PETER H. CALCOTTH) ¥ @
,i 13 Depariment of Biol~givul Sciences, Wright State University, Dayton, Ohio 45435
14
‘ ; Received 21 April 1981/Accepted 16 Julv 1981
o ‘b
; ; A family of mutants of Satmonella typhimurium with altered lipopolvsaccha.
it 18 ride (LPS) core chain lengths were ussessed for nensitivity to freeso-thaw and
v 17 ather stresses. Deep rough straing with decreased chain length in the LI'S core ) ' .
' 18 were more susceptible to novobiocin, polymyzin B, bacitracin, and sodium lauryl, ) -
19 sulfnte during growth, to ethylenediuminetetrancetic neid and sodium lauryl AUTHCR: ’
. 20 sulfate in resting suspension, and to slow and rapid frecze-thaw {n water and SEE QUERY
: 21 saline, and these strains exhibited more outer membrane damage than the wild ¢
b 22 type or less rough strains, Var{ations in the LPS chain length did not dramaticaily PACE
! 23 affect the sensitivity of the straius to tetracyelitie, neomyein, or NaCl in growth b
iF 24 conditions or the degree of {reezo-thaw-induced cytoplasmic membrane damage.
25 N er tough {sogenie strains incorporated larger quantities of less-stable
26 LPS and {ewed prateiry into the outer membrane than did the wild type or less )
i 27 rough mutants, indicating that the mutations affected outer membrane synthesis
i 28 or orgunizution or bata, Niknido's model of the role of LPS and protein in
3 29 determining the resistance of gram-negutive bacteria to low.moleculareweight
F‘ _ PN ' hydrophobic antibiotics is discussed {n relation to the atress of freeze-thaw, . - e s .'M
{ *. A’( %’ AU
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FREEZLE-TIIAW AND COLD=-SHOCK RESISTANCE OF Baccharomyces ceruvisiase

AS APPECTED BY PLASMA-MEMBRANLE LTPID COMPOSITION

By PETER H. CALCOTTTand ANTHONY M. ROSE¥

Zymology Laboratory
School of Biolegleal acivieco
University of Bath
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PHENOTYPIC VARIABILITY OF LIPIDS OF ESCHERICHIA COLI
GROWN IN CHEMOSTAT CULTURE

Peter H. Calcott and Rita S. Petty
Department of Biological Sciences
Wright State University
Dayton, Ohio 45435

FEMS Letters (in press)

SUMMARY

Phospholipids and fatty acids were extracted and analysed from

Escherichia coli grown in carbon-limited and ammonium-limited basal salts

media at 37°C in chemostat at growth rates of 0.1 to 0.55h"1, Phosphatidyl
glycerol (PG), phosphatidyl ethanolamine (PE), diphosphatidyl glycerol (DPG)
and an unknown component were detected in all preparations. Ammonium-
limited cells showed a constant composition while carbon-limited cells
showed growth rate dependent alterations in the proportions of DPG and PG.

At low growth rates the DPG content was low while at high growth rates the
proportion inc?eased to that found in ammonium-limited cells. The PG content
showed the reverse trend. Fatty acld composition was also modulated by
growth éopditions. While the overall degree of saturation and average

‘chain léngth were constant (indicating a constant fluidity of tﬁe membrane),
- the relative proportions of the major fatty acids cl»:O' Ci4:1» C16:0° Cl6:l'
Cig:0r C18:1» 018:2) were dependent on grcwth conditions. It is postulated
that key enzymes in fatty acid and phospholipid biosynthesis are under
catabolite repression. Survival of the cells grown under these different
conditions appeared to relate to the .levels of PG, DPG, and C16:0 and

Cyg:0 fatty acids in the membrane lipids.
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¢ Start-»  Characterisation of cyclic phosphodiesterase in

! Klebsiella aerogenes and its role in substrate~ ! B

accelerated death, FP,H.CALCOTT* and T.J.CALVERT, Dept. of P

= Biol., Sci,, Wright State Univ,, Dayton, Ohio, b5435, N i

’ I Substrate-accelerated death (SAD) is a repression
phenomenon whereby the carbon source used for growth or a

product of its metabolism reduces the cyclie AMP lavel in

‘the cells during starvation. This prevents the growth and

division of the cells when they are e¢u;used to a complete |

medium. The cyclic AMP levels in bacteria are governed by .

: ‘adenylate cyclase, cyclic phosphodiesterase and relecase

» mechanisms, Cyclic AMP phospliodiesterase in K. aarogenen
is a soluble cytoplasmic enzyme which breaks down 3 » S

1 cyelic AMP to 5' AMP with an apparent Ky of 0.3-0.4 mM. It
N does not show a requirement for metals but is sensitive to
!

'EDTA. Sugars and nucleotides do not modulate its activity.
Unlike the E.cold enzyme, it is sensitive to theophylline,!
MIX and caffeine, During starvation of lactose~grown cells
in buffer alone, in SAD conditions (lactose¢, analogs,
yru¥ate or glucose) or in protected environments (lnctosa E:
+ Mgct, + theophylline, or + cyclic AMP), the enzyme
remains fully active. It is most likely that during SAD,
cyclic AMP levels are modulated by adenylate cyclase and
that the phosphodiesterase and release mechanisms act as
drains on the system to allow rapid turnover of the
nucleotide.
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Involvement of Guanosine Tetraphosphate

{ppGpp) in Expression of Substrate-Accelerated
. Death in Escherichila coli. GEANNIE M, BENNETI
and PETER H, CALCOTT,* Dept., of Biol. Sci., Wright State
Univ., Dayton, OH 45435 and CR-Bioproducts, Dow Chemical,
Midland, MI 48640,

Lactose~grown Escherichia colil is susceptible to
lactose~accelerated death (LAD) when starved in saline
phosphate supplemented with lactose.2+However. 0.1 mM
ppGpp, 0.1 mM eyeldlc AMP or 10 mM Mg®™' when added exo-
genously alleviated the phenomenon, When the organism
wasg starved 'in saline phosgphate, 1t synthesized very low
levels of ppGpp, while starvation in the presence of
lactose stimulated the synthesis of the nucleotide 2-3
fold. Protected organ%gms (starved in lactose supple-
mented with cAMP or Mg“ ) synthesised 10-15 fold more of
the nucleotide. The premence of a functional spoT gene
but not a relA gene was required for expression of LAD.
When stressed organisms were added back to growth
medium, the level of ppGpp remained higher in those
strains resistant to LAD comparad with those sensitive,
It is proposed that high ppCpp levels are controlled by
cyeliec AMP and are required by the organism to sipnal an
adverse growth environment (eg. unbalanced C/N ratio)
during starvation., Failure to signal the hostile
environment results in the failure of the cell control
process to coordinate division when an otherwise favor-
able medium 1s presented to the organism, ‘

Start—s

[ T

INSTRUCTIONS

Indicute below the subject category number from the lst on p. vi; check your Poster/Slide Session
preﬁ.'lrlcn'cu; complefe the check list on the reverse side of this sheet; nnd sign your name by the spuace
provided,

Indicate categary number frons puge vl
Cafegory number

POSTER/SLIDE SESSION PREFERENCE

Beenuse of the flexibilily in progrvmming afforded by Poster Sessions, the Program Commiltee
will attemipt to schedule aff abstracts which (0) are considered by elected divisional officers to be of
aceeptnble quality und (b)Y which conform to rules estabtished by the Program Committee. ‘This will
result in the climination of “Rend-by-Title” pupers, ‘Fhe decision as to whether an abstract s seheduled
in a “Slide” or w Poster Session will be made by the elected Progeam Committee which will be guided
(but not bound) by the preference of the authors, ‘The dectsion will depend on the nature of the
sibject matter, the numbers of related abstructs, the availabllity of session raoms of appropiate size,
avoidunee of conflicting sessions and events, and other siich considerations,  Approsimately 60 per cent
of the ubstracts will be seheduled in poster sessions, By submitting an absteact, the author ngree s that the
puper will be presented ny scheduled, :

I prefer presentation in a Poster Session, [
1 prefer presentation in n Slide Sesalon. [
1 have no prefercnce, p(

vii




CHARACTERLZATION OF 3'5' CYCLIC ADENOSINE MONOPHOSPHATE PHOSPHODIESTERASE
IN KLEBSIELLA AEROGENES AND ITS ROLL IN SUBSTRATE~ACCELERATED DEATH

FETER H, CALCOTT and THOMAS J. CALVERT
Department of Biological Sciences
Wright State University
Dayton, Ohio 45435

S

SUMMARY

A cyclic adenosine phosphodlesterase has been detected in Klebsiella
aerogenes and characterized in crude extract, It was a soluble cytoplasmic
enzyme withzﬁpparent Km of 0.9 mM and pH optimum of 7.0, It was sensitive
to EDTA, Mg~ and other metals, The enzyme activity was inhibited or
activated by some nucleotides but not by metabolites except pyruvate, It
was sensitive to the methyl xanthines, caffeine, theophylline and methyl :
isobutyl xanthine, During starvation or substrate accelerated death X
(8AD), the enzyme activity was not modulated, It is postulated that dur- ;
ing SAD, the enzyme acts as a drain on the cellular cyclic AMP levels,
The cyclic nucleotide levels during SAD are proposed to be modulated dir-
ectly by adenylate cyclase, i
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Cryoprotective Actidn of Non-ionic Detergents on
Bacillus subtilis and Bovine Red Blood Cell

Peter H. Calcott, Thomas J. Calvert, Alfred C. Draper III
F. L. M. S. letters 4, 1978, 211-215

Sunma
Bacillus subtilis can be protecteg from freeze-thaw damage by two

non-ionic detergents, Tween 80 and Triton WR 1339. The protection
afforded is dependent on the concentration of detergent and the population
density in the freezing menstruum in a similar fashion found previously

with Klebsiella aerogenes. Protection by the detergents is afforded

almost maximally at ultra-rapid rates (6000°C/min) of cooling while at
slow rates (1-2°C/min) no protection is observed; intermediate protection
is afforded at rapid rates (100-200°C/min). Membrane damage and its
protection has been observed by measuring the release of U/V absorbing
material and K* from cells. Attempts at protecting bovine red blood
cells . with these dotergents were entirely unsuccessful. The usefulness

of these compounds as cryoprotective compounds is minimal.
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Protection of Escherichia coll from Slow Freczing and
Thawing by a New Class of Cryoprotectants: Ionoplores,

Peter H, Calcott and Michal Thomas
Department of Biological Sciences
Wright State University
Dayton, Ohio 45435
U.S'Al

SUMMARY

EDTA=permeabilized E. coli can be protected from slow freezing and
thawing but not rapid freezing and thawing by lonophores such as gramicidin
and valinomycin but not by pentachlorophenol, In combination, gramicidin
and valinomycin were detrimental to cryosurvival, This implicates tha
podium and potassium gradients that accumulate in and around cells during
freezing as potential lethal factors to cells subjected to slow but not

rapid freezing and thawing, It lends support to Mazur's "Two Factor

Hypothesis,"
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