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Summary

Two isolates were used in this stud$aphylococcus aureus and
Escherichia coli were identified according to morphological, physgical and
biochemical characteristics.

The two bacteria were treated with 100mM of Trebaldo study the
effect of this sugar on the preservation of thedyae from several factors
The results showed that Trehalose preservedStaigreus from dehydration
(drying) for one month in room temperature andThehalose keep the bacteria
more viable in comparison with the control. Whike effect was observed in the
Trehalose treatefl.coli.

Trehalose showed it's preservative effect wherbteteria were stored in
freeze condition (-20°C) about 4 weeks the pergg#taof Viable cells of
Saureus treated with Trehalose after 4 weeks was 67% cosdpavith the
control 30%, while the results dhcoli was 66% and the control 32%.

Results indicated that Trehalose protect the hga@d bacteria even in
the unsuitable environment such as storing in reemperature for four months,
the percentage of the viable cells of bacteriaaté@ with Trehalose after 4
months was 27% while the control 2% .

Result also showed the protective effects of To=®a towered the UV
irradiation and Electroporated bacteria.

While Trehalose had no effect on the protectioormfrantimicrobial
substance (antagonism activity), in contrast itvaku a considerable effect of
protection from antibiotics by increasing the r&sise to the antibiotics, result
showed thatSaureus treated with trehalose become resist to, Tetraoycl
Gentamicin, Erythromycin and Norfloxacin, while tbentrol stilled sensitive to
these antibiotics, and no effect were showed onEheli in protection from

antibiotics.
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Conclusions

1. Trehalose preserve the bacteria from dehydration.

2. Trehalose protect and preserve the bacteriafrom freezing.

w

Trehalose increase the protection of the bacteria against UV light
irradiation.

Trehal ose preserved the bacteria after freeze-drying.

Trehal ose protect the bacteria after electroporation.

Treha ose increase the antibiotic resistance of bacteria.

N o o &

Trehal ose had no effect on protection from antagonism activity.
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Chapter Three Results and Disoussi

1.1 Introduction

o-a-Trehalose, a naturally occurring, non reducingactbaride
consist of two glucose units, is commonly foundbicteria ( Koch and
Koch, 1998 ), yeasts (Zahringeral., 1998; Fernandeat al., 1998), algae,
Insects, plants (Ring and Danks 1998), and anioratsiman organs (Schick
etal., 1991).
Trehalose is known to help certain animals andtpland microorganisms
to survive desiccation, high osmolarity, and dambhgeboth freezing and
heat. It is used to preserve biological materi@shick et al., 1991 and
Kizawa et al., 1995) and as a stabilizer for unstable proteinsluding
dehydrated and frozen enzymes, diagnostic reagehémaceuticals, and
cosmetics (Yoshidet al., 1995).
When bacterial cells are freeze dried with 100 néhalose as the
lyoprotectant (lyophilized protectant), the viatyiliof microorganisms
improves four fold and eight fold. The improvedhildy may be the result
of the ability of Trehalose to lower the temperataf the dry membrane
phase transition and to maintain general proteincgires in a dry state
(Leslieet al., 1995).
These findings suggest that Trehalose added tgrihwth medium and to
organelle membranes.
Due to its particular physical features, Trehaltseable to protect the
integrity of the cell against a variety of envirommtal injuries and
nutritional limitations. In addition, data availablon several species of
bacteria and yeast suggest specific functions foehdlose in these

organisms. Some bacteria can use exogenous Treladdbe sole source of
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carbon and energy as well as synthesize enormousurdsn of the
disaccharide as compatible solute .

This ability to accumulate trehalose is the resiltan elaborate genetic
system, which is regulated by osmolarity. Some rbgcteria contain
sterified trehalose as a structural component efceill wall, whereas yeast
cells are largely unable to grow on trehalose dsorasource. In these lower
eukaryotes, trehalose appears to play a dual famctas a reserve
compound, mainly stored in vegetative resting calitsd reproductive
structures, and as a stress metabolite. Recemi@a@lso point to important
biotechnological applications for Trehalose.

It has been shown that trehalose can protect ms#Bed cellular membranes
from inactivation or denaturation caudsda variety of stress conditions,
including desiccation, dehydratiolmeat, cold, and oxidation. Finally, in
Mycobacteria and Corynebacteria, Trehalose is an integral component of
various glycolipids thaare important cell wall structures (Richagdal.,
2002).

1.2 Aim of the study

1. Identifying the bacterial isolat®&aphylococcus sp.

2. Study the effect of Trehalose &aureus andE.coli in preservation in
dry state at room temperature.

3. Study the effect of Trehalose on protection of éaatagainst UV
light.

4. Study the effect of Trehalose on protection of éaat after

lyophilization.



Chapter Three Results and Disoussi

5. Study the effect of Trehalose on protection of eaat against
freezing.

6. Study the effect of Trehalose on protection of eaat against
antibiotics.

7. Study the effect of Trehalose on protection oftéaa against

antagonism activity.
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1.3: Trehalose

Trehalose is a non reducing disaccharide in whinghttvo glucose
units are linked in ane-1, 1-glycosidic linkage (Qiaofang Chen and Haddad
2004).

In 1974, the current view on the role of trehaleges thait served as a
storehouse of glucose for energy and/or for symleégellular components
(Elbein, 1974).

Since that time, olkknowledge on the various functions of this simple
disacchariddnas greatly expanded; it is now clear that treleligsmuch
more than simply a storage compound. Certainly ftiaction in that
capacity in some organisms, but in othetsa# a structural or transport role
(Takayama and Armstron$976), whereas in still others it may be involved
in signalingor regulation, or functions to protect membraneg proteins
against the adverse effects of stresses, suchads dud,desiccation, and
anoxia (Croweet al., 1984).

As shown in Fig.1-1 the reducing end of a glucosssgidue is
connected with the other, trehalose has no redupower. Trehalose is
widely distributed in nature. It is known to be arfehe sources of energy in
most living organisms and can be found in many wismas, including
bacteria, fungi, insects, plants, and invertebrd#tsshrooms contain up to
10-25 % trehalose by dry weight. Furthermore, tiad®aprotects organisms
against various stresses, such as dryness, freezidgosmopressure. In the
case of resurrection plants, which can live in w state, when the water
dries up, the plants dry up too. However, they siaacessfully revive when
placed in water. The anhydrobitic organisms are #ébltolerate the lack of
water owing to their ability to synthesize largeaqtities of trehalose, and

the trehalose plays a key role in stabilizihg membs and other
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macromolecular assemblies under extreme envirorahenbnditions
(Higashiyama, 2002).

Ny

HC
JH

HO UH

OH
OH

aH

Figure (1-1) Structure of Trehalose

1.4: Natural distribution of Trehalose

Trehalose is found in over 80 species of organisamesenting
plants, algae, fungi, yeasts, bacteria, insectsiaertebrates (Richards
al., 2002).

Trehalose highly distributed in nature, it's fourmdthe plants cell,
serum of the blood, in bacteriycobacterium),yeast and many species of
fungi, algae and some higher plants ( Brich, 1972).

The high percentage content of trehalose in thetyeauld reach 15% or
exceed to such a limit of 23% of the dry weighttloé cell depending on
growth condition. The explain why the trehalosended in few content in
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the bread (1.2-1.5g/Kg) from the dry weight, in theney (0.1-2.3g/100q)
( Elbein , 1974).

Also the trehalose found in many species of Indaegrtebrates including
Nematoda, Trehalose is the main sugar in blood ahyminsects in a
concentration around (1-2%) in all the developnstages of the Insect but
in different concentrations. In flying Insect trébse use as energy source
and flying continuity. Also could be play as amBdzing in some Insects.
Trehalose found in high concentrations (7%) in male named (Manna)
used by bidwen peoples in north of Iraq desert gifee sweeting, The
Manna could be one of secretions of some Insettsn(EL974).

Trehalose is also found in a number of differenttbaa, including
Streptomyces hygroscopicus and other ofStreptomyces spp.(Martin et al.,
1986).Different mycobacteria including/lycobacterium smegmatis and
Mycobacterium tuberculosis (Elbein and Mitchell, 1973) and
Corynebacteria(Shimakata and Minatagawa, 2000).

In Mycobacterium and Corynebacteria, this disaccharide plays a structural
role as a cell wall componettit it may also serve other functions in these
organisms. It is also presenthscherichia coli (Kaaseret al., 1994) and a
number of other bacteria, such aRhizobium spp. Sulfdolobus
acidocaldarius, Pimelobacter spp. R48 (Nishimotet al., 1995 and Maruta
etal., 1996 )Arthrobacter sp. Q36 and so on. In mapifythese organisms,
the function of trehalose is still not cle&everal of the organisms listed
appear to have rather unusilmbsynthetic pathways for synthesizing
trehalose (Elbein, 2003)
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1.5: Trehalose Metabolism

The biosynthesisf trehalose has been best studied Ercoli and
Saccharomyces cerevisiae and involves a two-step process catalysed by
trehalose-6-phosphatenthesis (TPS; EC 2.4.1.15) and trehalose-6-
phosphate phosphatase (TPP; EC 3.1.3.12). Trehalose-6-phosphate is formed
from glucose-6-phosphate aoddine-5-diphosphoglucose by TPS and is
then dephosphorylatéd trehalose by TPP (Fig.1-2).

MK e TRE
ADP b

T-i:-s _Pyr
- ATP < e -

ATF ‘L |r'
ADF (] im] 2]
L4
w
| &P
e

*
| ADP
| AaTe

Pyruwate

Glucose -_'_""'lr-erha —_—
i ATP :‘
k

Fig. (1-2) A schematic diagram of the pathway of trehaloseabwitsm and its

relationship to glycolysis ifaccharomyces cerevisiae. G-6-P is glucose-6-phosphate,
UDPG is uridine-5-diphosphoglucose, T-6-P is trebat6-phosphate, TRE is trehalose,
TPS is trehalose-6-phosphate synthesis, TPP iglosd6-phosphate phosphatase, and
HXK is hexokinase (Eastmond, 2003).

There are now at least three different pathwayscrde=d forthe
biosynthesis of trehalose. The best known and medely distributed

pathway involves the transfer of glucose from UDé&egse(or GDP-
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glucose in some cases) to glucose 6-phosphatendriehalose-6-phosphate
and UDP. This reaction is catalyzedthg trehalose-P synthesis (TPS, or
OtsA in E.coli. Organisms that use this pathway usually also have
trehalose-Phosphatase (TPP, or OtsBHncoli) that converts theehalose-

P to free trehalose. A second pathway that has tegmmted in a few
unusual bacteria involves the intramoleculearrangement of maltose
(glucosyl=1, 4-glucopyranoside) to convéhne 1, 4-linkage to the 1, 1-bond
of trehalose. This reactias catalyzed by the enzyme called trehalose
synthesis and givesse to free trehalose as the initial product. Ardh
pathwayinvolves several different enzymes, the first ofchihrearrangethe
glucose at the reducing end of a glycogen charotovertthe ~1,4-linkage

to ana,~»1,1-bond. A second enzyme then reledlsesrehalose disaccharide
from the reducing end of the glycogemwlecule. Finally, in mushrooms
there is a trehalose phosphoryldéisat catalyzes the phosphorolysis of
trehalose to produce glucose-1-phosplaaie glucose. This reaction is
reversiblen vitro and couldheoretically give rise to trehalose from glucose-
1-P and glucoséAnother important enzyme in trehalose metabolism is
trehalasé€T), which may be involved in energy metabolism afgb have
regulatory role in controlling the levels of trebs¢ incells. This enzyme
may be important in lowering trehalose concentretmnce the stress is
alleviated. Recent studies in yeast indidasg the enzymes involved in
trehalose synthesis (TPS, TRR]st together in a complex that is highly
regulated at thactivity level as well as at the genetic le{iebein, 2003).

In brewer's yeast, the biosynthesis of trehalosmatalysed by enzymes that
facilitate the reaction of uridine diphosphate-Diggise with D-glucose 6-
phosphate, resulting in uridine diphosphate aneratalose 6-phosphate.

The phosphate is enzymatically removed leaving edaliose molecule.
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Several other organisms produce trehalose by simigechanisms.
Degradation of trehalose is accomplished by a kigigecific enzyme,
trehalase. Trehalase has been identified in maggnisms shown to contain
trehalose but is not found in mammals (Richaatds., 2002).

Maltose and trehalose assimilating pathways&antococcus lactis.
The maltose phosphorylase (MP) and beta-phosphogluiase (b-PGM) of
L. lactic were characterized and shown to constitute theomagltose-
degrading pathway in this bacterium. Furthermor® &hd b-PGM were
shown to be present in many other strains of LABgng to the low G+C
content LAB of the clostridial sub-branch of Grawsjiive bacteria. The
MP-encoding gendylal P, was localized in an operon distinctive from that
of the gene encoding b-PGNPgm B. In addition,Mal R, encoding the
maltose operon regulatddal R, was localized downstream bfal P. The
presence oMal R was shown to be crucial for the synthesis of arPAT
dependent maltose translocation system. HoweveraPb-PGM activity
were not affected by a disruption of tival R-encoding gene. Instead,
synthesis of b-PGM has been shown to be exposemhrtion catabolite
repression, which was also shown to be the caséfar ThePgm B is
located in the putative trehalose operon includimg genes presumed to
code for the trehalose-specific components of tiesphotransferase system
transporting trehalose into the cells. Furthermdnesctly upstream oPgm
B, Trep P was localized. This gene was shown to encode &alnov
phosphorylase, trehalose 6-phosphate phosphorytapep, catalysing the
reversible Pi-dependent phosphorolysis of trehal@ésphosphate to beta-
glucose 1-phosphate and glucose 6-phosphateTiHpep was biochemical
characterized and shown to be present in a fewr adpecies, mainly

Enterococcus faecalis, of low G+C content LAB. The role of b-PGM in
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trehalose metabolism and in polysaccharide syrghesis assessed by
disrupting its encoding gene. B-PGM was shown tetoeial for trehalose
assimilation inL. lactic, while the b-PGM-deficient strain continued to\gro
with a tenfold decreased growth rate on maltosmpawed to the wild-type
strain. The b-PGM-deficient strain showed an enbkdnproduction of
polysaccharide, composed of alpha-1, 4-linked gdaamits when cultivated
on maltose. It was suggested that this polysaadbanas a result from
another metabolic pathway, resembling the maltodesystem inE.coli.
(Andersson, 2002)

Axenically grownArabidopsis thaliana plants were analyzed fdre
occurrence of trehalose. Using gas chromatographagsspectrometry
(GC-MS) analysis, trehalose was unambiguoudgmtified in extracts from
Arabidopsis spp. inflorescences. In\aariety of organisms, the synthesis of
trehalose is catalyseldy trehalose-6-phosphate synthesis (TPS) and
trehalose-6-phosphatehosphatase (TPP). Based on EST (expressed
sequencdag) sequences, three full-lengtwrabidopsis cDNAs whose
predictedprotein sequences show extensive homologies to knbs and
TPP proteins were amplified by rapid amplificat@in5 and 3 cDNA ends
(RACE-PCR). The expressiarh the corresponding geneAitpsa, Attpsb
andAttpsc, and ofthe previously described TPS geA¢psl, was analysed
by quantitativeReverse Transcriptase (RT-PCR). All of the genesswe
expressed in the roseléaves, stems and flowers Afabidopsis plants and,
to a lowerextent, in the roots. To study the role of Arabidopsis genesthe
Attpsa and Attpsl cDNAs were expressed iBaccharomyces cerevisiae
mutants deficient in trehalose synthesis. In cabtoeAttpsl, expression of
Attpsca and Attpsc in the Tps 1 mutantlacking TPS activity did not

complement trehalose formatiafter heat shock or growth on glucose. In
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addition, no TPP functionould be identified forAttpsa and Attpsc in
complementatiostudies with theS cerevisae Tps 2 mutant lacking TPP
activity. The results indicate that whikgtpsl is involved in the formatioof
trehalose iMrabidopsis, some of théArabidopsis genes witllhomologies to
known TPS/TPP genes encode proteins lacking catalgtivity in trehalose
synthesis (Vogett al., 2001)

1.6: Physiological roles of Trehalose in bacteriaral yeasts:

The disaccharide trehalose is widely distributediature and can be
found in many organisms, including bacteria, fupdants, invertebrates and
mammals. Due to its particular physical featureshalose is able to protect
the integrity of the cell against a variety of eowimental stress and
nutritional limitations. In addition, data availablon several species of
bacteria and yeast suggest specific functions fehalose in these
organisms. Bacteria can use exogenous trehalogbeasole source of
carbon and energy as well as synthesize enormousurdsn of the
disaccharide as compatible solute .Cells of margamisms accumulate
certain small organic molecules-called compatilnlé @ounteracting solutes,
compensatory solutes, or chemical chaperones--aporese to certain
physical stresses. These solutes include certabolegdrates, amino acids,
methylamine and methylsulphonium zwitterions, am@au In osmotic
dehydrating stress, these solutes serve as celdistanlytes. Unlike common
salt ions and urea (which inhibit proteins), sontganic osmolytes are
compatible, This ability to accumulate trehaloséhis result of an elaborate
genetic system, which is regulated by osmolaritgm& Mycobacterium

contains sterified trehalose as a structural coraporof the cell wall,

AR
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whereas yeast cells are largely unable to growedratose as carbon source.
In these lower eukaryotes, trehalose appears to gldual function: as a
reserve compound, mainly stored in vegetativerrgstells and reproductive
structures, and as a stress metabolite. Recemd@s@lso point to important
biotechnological applications for trehalose (Ardgegl 2000).

1.7: Physical-chemical properties:

Trehalosed,«-Trehalose) is a disaccharide formed by a 1, lalyakof
two D-glucose molecules. It is a non-reducing sutieat is not easily
hydrolyzed by acid, and the glycosidic bond iscleaved by the enzyme a-
glucosidase. The molecular formula and weight ar#1£0,; and 342.31,
respectively. When purified it is usually foundardihydrate form, which is
the typical commercial product.

Trehalose can impart some beneficial propertidedd products. Compared
to most sugars, trehalose is more stable to widgesof pH and heat and it
does not easily interact with proteinaceous moksul

Trehalose has a low hygroscopic profile which is@n advantage
compared to other sugars. It appears that trehatoséd be of benefit
compared with other sugars in dry blending openation which low
hygroscopicity is desired. The water content dfdfese dehydrate remains
stable (9.54%) up to a relative humidity of approaiely 92%. (Richardat
al., 2002).

Physical properties that make trehalose uniquetsiteigh degree of
optical rotation ([af b + 178°) and its melting behavior. Trehalose first

melts at 97 ° C. Additional heat drives off the arabf crystallization until

'Y



Chapter Three Results and Disoussi

the material re-solidifies at 130 ° C, and thendhblydrous trehalose melts
at 203 ° C. The combination of the molecular stitetand the physical-
chemical properties of trehalose results in a vstgble disaccharide.
Trehalose has a solubility and osmotic profile Emito maltose.
Above 80 ° C Trehalose becomes more soluble inalative to other
sugars.

Trehalose possesses several unique propertiesudingl high
hydrophilicity, chemical stability, non hygroscomtass formation and no
internal hydrogen bond formation. The combinatioh tibese features
explains the principal role of trehalose as a stmastabolite (Richardst al.,
2002).

The properties of trehalose are shown in (table 1.1); its relative sweetness is
45 % of sucrose. Trehalose has high thermostalaility a wide pH-stability
range. Therefore, it is one of the most stable lsides. When 4 %
trehalose solutions with (3.5 - 10) pH were heated00 °C for 24 hrs, no
degradation of trehalose was observed in any &ssause of no reducing
sugar, this saccharide does not show Maillard m@acwith amino

compounds such as amino acids or proteins.

VY
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NHR
HC=—0 He_on
-H;0
CHOH CHOH
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CHOH Shon
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Reducing Ammino Compound

Sugar N-Glycosiamine

Figure (1-3) Maillard reaction is a type of non-gmatic browning which involves the
reaction of simple sugars (carbonyl groups) ancharacids (free amino groups). They

begin to occur at lower temperatures and at highetions than caramelization.

Its particular physical features make it an extrigra¢tractive substance for
industrial applications. Furthermore, this sacateushows good sweetness
like sucrose, and in the food industry, this saddeas used as a sweetener
(Higashiyama, 2002).

Table (1- 1) Propertiesof Trehalose Higashiyama, 2003.

Melting point dihydrate 97.0 °C
Anhydgid 210.5°C

Heat of fusion dihydrate 57.8 kJ mol-1
Anhydeid 53.4 kJ mol-1

Solubility 68.9 g/100H0 at 20 °C

Relative sweetness 45 % of sucrose

Digestibility digested aablsorbed by the small intestine

pH stability of solution >99 % (pH 3.5-101,100 °C for 24 h)
Heat stability of solution >99 % (at 120 f&€ 90 min)
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1.8: Production of Trehalose:

aa-1rehalose has been synthesized chemically usiegethylene
oxide addition reaction between 2, 3, 4, 5-tetraa0®tyl-D-glucosand 3, 4,
6-tri-O-acetyl-1, 2-anhydro-D- glucose (Lemieux aBduer,1954). This
same series of reactions also gives rise tabttee other trehalose anomers,
specifically,«,3-trehaloseglso referred to as neotrehalose. Neotrehalose has
also beesynthesized using the Koenigs-Knorr reaction (Helfeandweis,
1956). On the other hand, this anomer has not iseéatedrom any living
Organisms, although it was identified in kexitract (Matsuda, 1956).
The other anomer of trehalose, B3,3-trehalmsesotrehalose, also has not
been isolated from any livingrganisms, but it was found in starch
hydrolysis's (Sato anélso, 1957); it also has been synthesized chemically
using theKoenigs-Knorr reaction, as well as by a dehydratieaction
(Brederecket al., 1953).

H——X H——OR
, AgO *, CaSOy ,
CHOCOR' O + ROH ert sobved CHOCOR' O

CHOCOER! CHOCOR'

X =0l Br * Ag,CO5

Figure (1-4) Koenigs-Knorr reaction Synthesis oflaredO-alkylglucosides
from alpha-acyl halides and alcohols or phenolhénpresence of silver oxide.

Trehalose also can be produced chemidafhan acid reversion of glucose
(Thompsoret al., 1954). Orithe other hand,-trehalose is the only anomer

of trehalosdhat has been shown to be biosynthesized in maffigreht
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typesof organisms, although its usefulness was recognizehalose was
not produced on an industrial scale until 1994 €k1p2003).

The conventional method for production, for exampbdraction from yeast,
had too low yield and too high cost to be usedotder to implement
industrial production of trehalose, they have redesd new enzyme
systems and have succeeded in isolating a novelnensystem from a
bacterial strain belonging to the genAsthrobacter sp. Q36 that was
obtained from soil. The system has been found tusisb of two novel
enzymes: malto-oligosyltrehalose synthesis (or ME$aand malto-
oligosyltrehalose trehalohydorolase (or MTHase)thia first step, MTSase
catalyzes the intramolecular transglycosylationgbfcose residue at the
reducing end of malto-oligosaccharide fre+h, 4 bonds tae-1, 1 bond, then
malto-oligosyltrehalose is produced. This contdnmefalose residue at the
end of the saccharide chain. Next, trehalose isrdifed from malto-
oligosyltrehalose by MTHase. This pathway needshigih-energy sugar
derivative such as sugar phosphate or sugar nid¢e@nd those enzymes
can repeatedly act ona-1, 4 glucan to produce trehalose up to 80 % vyield
(Higashiyama, 2002).

1.9: History of human consumption:

In general, the fate of ingested or parenteralipiadtered trehalose
corresponds to that of glucose since trehaloseapsdly hydrolyzed to
glucose by the enzyme trehalase. Trehalase is foutmdimans and most
animals at the brush border of the intestinal magcas well as in the kidney,
liver, and blood plasma (Hore & Messer, 1968; Demelier et al., 1975; Labat-

1
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Robert, 1982; Niederst & Daucga, 1985; Eze, 1989; Riby et al., 1990;
Yoshida, 1993). Trehalase activity has been founthe small intestine of
humans, mice, rats, guin@#gs, rabbits, pigs, and baboons (Hietanen, 1973;
Ruppinet al., 1974; Maestracci, 1976; Garland, 1989). No trehalase activity
is found in the small intestine of cats (Hore & Messer, 1968; Hietanen, 1973;

Garland, 1989).

A very few individuals have trehalase deficienchiethh may be hereditary
or acquired. However, in Greenland, the prevalefdeehalase deficiency
has been reported to be 8%, which is consideraiglgeln than that seen
elsewhere (Dahlqvist, 1974; Gudmand-Hgyeret al., 1988). The incidence of
trehalase deficiency is lower than that of lactdeéciency, which in the
United Kingdom is 3.2—6% (Gudmand-Hgyer & Skovbjeir§96).

When trehalose is ingested by such individualss igither incompletely
digested or undigested, and a small fraction (apprately 0.5%) may be
absorbed by passive diffusion, as shown for otilerodharides (Van Elburg
etal., 1995).

The absorbed trehalose may then be metabolizgtutmse in the liver or
kidney or be excreted unchanged in the urine (Demet al., 1975).
Unabsorbed trehalose is likely to be fermentedieyiitestinal microflora to
short-chain fatty acids such as acetate, propioraatd butyrate (Abbott,
2002).

Modem food sources may contain substantial quastidf trehalose. Some
of these include honey (0.1 - 1.9%), mirin (1.329), Sherries (< 10 - 391
mg/1), brewer's yeast (0.01 -5.0%) and baker'styfes - 20%), and
therefore most items made using yeast. Commercgibyvn mushrooms

may contain 8-17 % (w/w) trehalose. It also ocaarkbsters (2.5 mg/100
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ml blood), crab (1.5 mg/100 ml blood) and prawnsS% dry weight).
Trehalose is not presently a significant part efitrodem diet but has been a
consistent part of the human diet for thousandyeairs (Richardst al,
2002).

Trehalose does not produce as great a sensatmmeatness as dose
sucrose. Trehalose is believed to have only oneogkimolecule occupying
the binding site on the sweet taste receptor. Toskan aqueous solution (at
concentrations from about 10-34% anhydrous trelalbas a sweetness of
about 40-45% relative to that of sucrose. The cotmagon at which a
solution of trehalose is perceived as sweet, isiab@o-times higher than
that of sucrose and the sweetness persists lohgarducrose (Richaras
al., 2002).

1.10: Interaction of Trehalose with Phospholipid Biayer:

Nature has developed numerous strategies for tigetlerm survival
of organisms. Among the most intriguing are thddga@al mechanismthat
preserve living organisms exposed to damaging tomdiike extreme cold,
dryness, or heat, or the absence of oxy(feofilova, 2003). This
phenomenon, named cryptobiosis, involaeseversible suspension of the
metabolism and an effective isolatimom the environmental changes
(Keilin, 1959; Clegg, 2001). Cryptobiosis is widespread in the animal and
plant kingdomsand occurs for example in tardigrades, nematodests of
crustaceanggeasts, bacteria, fungi, mosses, polleesds, and even émtire
higher plants (Croweet al., 1992; Guppy and Witherd999; Feofilova,
2003).
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A common feature of cryptobiotprocesses is the production of large
amounts of saccharidésggered by the detection of stressful conditions.
However, the mechanisms whereby sugaay stabilize living systems
during freeze-thaw, heat-cooling;, dehydration-rehydration cycles remain a
matter of debate (Crowatal., 2002; Crowe, 2002).

In the specific case of anhydrobiosis, three mgpothesetave been
put forward to explain the protective effect of atgjThe water-replacement
hypothesis suggests that during drymsggars can substitute water molecules
(in particular by formindhydrogen bonds) around the polar and charged
groups preseimh phospholipids membranes and proteins, therediyilsting
their native structure in the absence of water \(@ret al.,1984,1992,1997,
1998b; Carpenter et al., 1994).

The waterentrapment hypothesis, in contrast, proposes thegars
concentrateesidual water molecules close to the biostructihereby
preserving to a large extent its salvation andveapiropertie¢Belton and
Gil, 1994; Cottone €t al., 2002; Lins et al., 2004).This hypothesis has been
formulated in the context of proteinsased on thermodynamic data in
solution showing that sugaasse excluded from the bimolecular surface by
water (Timasheff] 982; Xie and Timasheff, 1997).

Finally, the vitrification hypothesisuggests that sugars found in
anhydrobiotic systems, known tme good Vvitrifying agents, protect
biostructures through tHermation of amorphous glasses, thereby reducing
structurafluctuations and preventing denaturation or meatardisruption
(Williams and Leopold, 1989; Sun et al., 1994, 1996; Sun and Leopold,
1994, 1997).
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In the last few years, a consensus has emergethés® mechanisnase not
necessarily mutually exclusive (Carpengeral., 1994; Sun and Leopold,
1997; Croweetal., 1998, 2002; Clegg, 2001; Crowe, 2002).

Vitrification may occur simultaneously with direct interaction of the
biostructure with the sugar, wtith an entrapment of residual water at its
surface, dependingn the type of the protected biostructure and an th
natureof the environmental stress imposed on the organfsiditionally,
some experimental investigations have suggestedatiner solutege.g.,
polyfructoses, arbutin, abcissic acid, and sevialliesof stress proteins)
may play a critical role in the protectiohcells, which in some cases could
be interconnected with treetion of the saccharides (Singer and Lindquist,
1998; Oliveret al., 2001; Clegg, 2001; Crowe et al., 2002).

Among the sugars related with the mechanisms gftobyosistrehalose is
one of the most effective Protestants &ad therefore been extensively
studied (Croweet al., 2001; Richardset al., 2002; Elbein et al., 2003).

Trehalose is a non-reducindisaccharide consisting of two
glucopyranose units is(1-1)linkage. This naturally occurring compound
is the principaktarbohydrate component80—90%) in the hemolymph of
insectdWyatt and Kalf, 1957) and is also commonly foundyeastand
mushrooms (Koch andKoch, 19%8irch, 1972).

Studies on the metabolism of tardigrades (WesthRardlov,1991; Somme,
1996), nematodes (Madin and Crowe, 1975; Behm, 1997), yeasts (Singer
and Lindquist, 1998; Damore et al., 1991)resurrection plants (Scott, 2000;
Wingler, 2002) andirtemia species (Clegg, 1965, 1997; Clegg and Jackson,
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1992) have shown that these organisms accumilatealose in large
concentrations during anhydrobiosis, heat shockismotic stress. Several
studies have established that Trehalsisdilizes biostructures such as
membranes and proteins undefavorable conditions (Crowet al., 1984,
1987, 2003; Nakagaki et al., 1992; Hoekstra et al., 1997).

In numerous situationsrehalose has been found superior to other common
mono- and disaccharide terms of its protecting ability (Crowet al.,
1987).

The high efficiency of Trehalose as a bioprotedtas been the subjeut
interesting discussions (Croweal., 1987, 2001). Differergossible reasons
have been put forward to explain the superiasftyrehalose, including a
high glass-transition temperature, a ldngdration radius, or peculiarities in
the phase diagram of Trehalose-wat@ktures. Several experimental
(Brancaet al., 1999, 2003; Sussich et al., 2001; Ballone €t al., 2000) and
theoretical (Liuetal., 1997; Conrad and de Pablo, 1999; Engelsen and Perez,
2000) Studies have investigated the propertiesrehdlose in solutioand

in the solid state, attempting to provide a bettederstandingf the
connection between these so-called anomalous piepend the
outstanding bioprotective ability of Trehalose. Hmwer, aconsensus
opinion has not yet emergdtlhas been clearly evidenced experimentally
that Trehalose is abte stabilize biomembranes and model lipid bilayers
exposed tolamaging conditions (Crowet al., 1984, 1987, 2001).

In particular,Trehalose is able to inhibit fusion between bilayer

leakage, latergdhase separations, and the formation of nonbilpfases
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(Croweet al., 1987, 2001; Hoekstra et al., 1997). It has been suggestieait
Trehalose reduces the mechanical stress imposetieomembranepon
dehydration (lipid chains brought into close cofjtdmy maintaining the
spacing between the head groups and, consequiesdlying the membrane
in the fluid phase. Direct interactitietween lipid and Trehalose molecules
through the formation of hydrogéonds has been demonstrated by several
experimental techniquemcluding infrared spectroscopy, differential
scanning calorimetrynuclear magnetic resonance (NMR), and x-ray
diffraction (Croweet al., 1984; Lee et al., 1986; Nakagaki et al., 192;
Tsvetkovaet al., 1998; Nagase et al., 1999; Luzardo et al., 2000;
Lambruschingt al., 2000; Ricker et al., 2003).

This indicates that Trehalos®lecules are located close to the lipid
headgroups, possibiyimicking the solvation by water molecules. Several
authorsattribute the stabilizing effect of Trehalose testtirect interaction
with the membrane, i.e., in terms of the previoushgntionedwater-
replacement hypothesis (Crowteal., 1987, 1992, 1997998h).

Other authors, after the theory proposed by BryamdWolfe for the
stabilization of membranes by solutes (Bryant Wolfe, 1992; Wolfe and
Bryant, 1999), attribute the stabilizatiby Trehalose to a purely mechanical
effect. This corresponds to tharification hypothesis, involving the
formation of a Trehalose glassyatrix that mechanically hinders phase
changes and conformatiorfmictuations in the lipid bilayer (Kostest al.,
1994, 2000; Zhang and Steponkus, 1996).

This hypothesis is able to provide explanation for the differences in

protecting abilities amondifferent vitrifying agents and for the higher
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efficiency ofTrehalose as a stabilizer. The theory does notudrclthe
possibilityof specific hydrogen bonds between lipid and sugalecules.
However, such interactions are not viewed as armhgtant factonn the
stabilization process (Kosteral., 2000; Wolfe and Bryant, 1999).

In the few last decades, numerous experimentaiestuthve addresséue
problem of Trehalose-membrane interactions. Howewdy twotheoretical
investigations relying on modeling methods (enangyimization protocols)
have been reported (ChandrasekharG@atatr, 1988; Rudolph et al., 1990).
These two investigatiorshowed that, in the absence of Trehalose is able to
form energeticallystable conformations bridging a number of lipid
molecules (Chandrasekramd Gaber, 1988). However, an extension of the
method to sucrosand glucose did not succeed in reproducing the
experimentabrder for the stabilizing efficiency of these sugy@rudolphet

al., 1990).

Although Trehalose-protein interactions have betrdiedby atomistic
simulations (Cottonet al., 2001, 2002; Lins etal., 2003), no simulations of
Trehalose-membrane systems have beported to date. Therefore a
detailed picture for the molecularechanism responsible for membrane
stabilization is still lacking (Pereigt al., 2004).

1.11: Functions and Applications of trehalose

Trehalose levels may vary greatly in certzatls depending on the
stage of growth, the nutritional statethe organism or cell, and the

environmental conditions prevailiag the time of measurement. In insects,
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trehalose is a majsugar in the hemolymph and thorax muscles and is
consumed durinflight (Beckeret al., 1996).

Trehalose is also an importax@mponent in fungal spores, where trehalose
hydrolysis is anajor event during early germination and presumablyes
asa source of carbon for synthesis and glucose ferggn(Rosseaset al.,
1972; Thevelein, 1984).

1.11.1: As a stabilizer and protectant of proteingnd

membranes (Protection from dehydration).

The particular properties of Trehalose have givemto a surprisingly
wide range of applications of this disaccharideeichnologyincluding the
stabilization of proteins, membranes, liposoare] vaccines (Crowet al.,
2001).The hypothermic storage m&mmalian cells and organs (Crowete
al., 2003; Fukuse €t al., 1999; Eroglu et al., 2002), and its use in cosmetics
(Norcia,2000) and food products (Richargtsal., 2002).

Trehalose also appedosbe efficient in the treatment of dry eye syndeom
for whichit is currently being tested in human clinical Isi@Matsuo2001;
Matsuoet al., 2002).

Although water is obviously necessdoy life, some organisms are able to
survive almost completdehydration, for instance, even when 99% of their
water contenis removed. This includes common organisms sughlaass,
yeastcells, and fungal spores, but also microscopic algnsuchas

nematodes, rotifers, and the cysts of brine sh(ireppold,1986).
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Some of these dried organisms may remain in tkéde known as
anhydrobiosis, for decades under unfavorable comdituntii water
becomes available. When that happens, these ongssugell and resume
the active state. Recent studies on these orgaranes demonstrated
mechanisms that allow them to survive dehydratimdlerstanding some of
these mechanisms have enabled researtthdesselop new methods for the
preservation of biological materialsat are normally sensitive to drying
(Croweet al., 1992).

Anhydrobiotic organisms generally contain high camtcationf trehalose
(and sometimes other disaccharides and oligosadelsaThus it was
shown that when the nematodphelenchus avenaewas slowly dehydrated,
it converted as much as 20% of its drgight into trehalose (Madin and
Crowe, 1975).

The ability ofthis organism and others to survive in the abseheaterhas
shown a strong correlation with the synthesis ehatosg(Madin and
Crowe, 1975). Log-phase culturek yeast have low concentrations of
trehalose and are quiseisceptible to dehydration, but as they enter the
stationaryphase of growth the levels of trehalose increasmgawiththeir
ability to survive dehydration (Gacdtial., 1987).

This ability to survive in the presence of trehalosandependenof the
growth phase of the cells because log-phase cafipaedo heat shock
rapidly synthesize trehalose and also acqthee ability to survive
dehydration (Hottingeet al., 1987).These results are also applicable to a
variety of other organismmanging from brine shrimp (Leopold, 1986) to the

resurrectiomplant (Zentellaet al., 1999).
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This use of trehalose to enalgkels to survive dehydration (and other
stresses) may be ancient adaptation because eachaebacteria have
been foundo accumulate trehalose in response to stress lgliset al.,
1988). Interestingly, in plants the disaccharidergse plays similar role to
that of trehalose in yeast and nematodes (Anarataaag Mckersie, 1990).

According to Leopold (1986), trehalose is prefdweer sucrose by most
organisms because it has fewer tendenieform crystals than dose

Sucrose.

The two primary stresses that are proposed to lmiéz&a lipid bilayers
during dehydration are fusion and lipid phase itanss. Studies by laser
light scattering or other techniques demonsttias trehalose and other
sugars inhibit fusion between the vesidasng drying, but the inhibition of
fusion alone is not sufficiemd preserve the dry vesicles. Thus trehalose is
also necessatyp prevent phase transitions (Crowe and Crowe, 1990

The evidencesuggests that trehalose depresses the phase itransit
temperaturef the dry lipids, which maintains them in the lidcrystalline
phase in the absence of water (Crowe and Crowe8)1®8largebody of
evidence indicates that the stabilizing effect idhalosas due to its
structure and stereochemistry. X-ray diffractsdpndies show that trehalose
fits well between the polar hegbups with multiple sites of interaction and
suggests thahe strong stabilizing effects of trehalose areatssl to its
stereochemistry, which provides the most favordibleith the polar head
groups (Rudolplet al., 1990).
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Trehalose also preserves labile proteins duringindry For example,
phosphofructokinase is a tetramer that irreversidgociates to inactive
dimers during the drying process. Although meagnpounds that stabilize
proteins can prevent this dissociatwimen excess water is still present, only
disaccharides are effectiirestabilizing this protein during extreme drying.
As in thecase of membranes, trehalose probably interactsttirwiththe
dry protein by hydrogen bonding between its hydtaysoupsand polar

residues in the protein (Carpenter and Crowe, 1989)

It is not clear why this interaction results intstaation,but the fact that
trehalose is a no reducing sugar meansithannot undergo the typical
browning reaction between tladehyde group on reducing sugars and
amino groups on protein§he browning reaction usually leads to
denaturation of proteins.An increased resistancewiiinstand drought
conditions haveen conferred on several different plants and afsmal
cellsby increasing their levels of intracellular trelsdo For example,
transgenic tobacco plants were engineered to peosluigstantisdmounts of
trehalose by introducing thE. coli OtsA and OtsB genes for trehalose
synthesis. The introduction of these gemed a pronounced effect on plant
morphology and growth performanaader drought conditions. Thus the
transgenic plants showednsiderably improved growth (Pilon-Sméisal.,
1998).

Thesame results were obtained with human fibroblédstshiad th©tsA and
OtsB genes inserted and expressed. These cells beutdaintained in the
dry state for up to 5 days, as compangith controls cells that were very

sensitive to drying (Guet al., 2000).
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1.11.2: Protection against heat.

Trehalose has been described to act as the bbegizstaof structure
and function of several macromolecules. Althoudteosugars also stabilize
macromolecules, none of them are as effective &balose. The
extraordinary effect of trehalose has been attetbuto several of its
properties such as making hydrogen bonds with mandsr or the ability to
modify the salvation layer of proteins. Howevere thxplanations always
result in a question: Why is trehalose more efiecthan other sugars? Here,
we show that trehalose has a larger hydrated voltiraa other related
sugars. According to our results, trehalose ocaugideast 2.5 times larger
volume than sucrose, maltose, glucose, and fructdée correlate this
property with the ability to protect the structuaed function of enzymes
against thermal inactivation. When the concentratiof all sugars were
corrected by the percentage of the occupied voltiney, presented the same
effectiveness. results suggest that because ofargsr hydrated volume,
trehalose can substitute more water molecules e siiution, and this
property is very close to its effectiveness. Finathese data drive us to
conclude that the higher size exclusion effect esponsible for the
difference in efficiency of protection against tmat inactivation of
enzymes .

Yeast cells have had to develop mechanisms in dodprotecthemselves
from chemical and physical agents of the envirortirtemwhich they are
exposed. One of these physical agents is therangtion. Some yeast cells
are known to accumulate high concentratioinsehalose when submitted to
heat shock (Elbeir2003)
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In yeast, stimuli that trigger thieeat shock response also cause the
accumulation of trehalosk fact at least two subunits of the trehalose-6-P
synthesicomplex of S. cerevesiae are actively synthesized during heat
shock (Bellet al., 1992), and physiological concentratiof$rehalose (up to
0.5 M) were found to protect enzymesyehst and other organisms from
heat inactivationn vitro. Trehalosalso reduced the heat-induced formation
of protein aggregate$rehalose was as good or better as a protein ig&bil
thanany of a number of comparable solutes, includinlygds, sugarsand
amino acids (DeVirgilicet al., 1994).

Yeast mutants wemgrepared that were defective in genes coding fgr ke
enzymesn trehalose metabolisnTPSL, TPS2), and these mutants showed
an inability to accumulate trehalose on mild hdwick andvere much less
resistant to heating than was the wild-type organi$ese various studies
strongly implicate trehalose as playiadey role in thermo tolerance and
also indicate that the enzym#mat synthesize trehalose are induced in
response to the stress order to increase the levels of trehalo&e.
importantin vivo andin vitro study showed that trehalgsetects cells from
heat by stabilizing proteins at high temperatukésing two different
temperature-sensitive reporter proteitiggse investigators showed that
enzymes are better able to ret@ativity during heat shock in cells that are

producing trehalogg&inger and Lindquist, 1998).

These studies showed an additicarad important role of trehalose, that is,
the ability to suppresaggregation of proteins that have already been
denatured. Baseoh these studies, these researchers also explahgd
trehalosenust be degraded rapidly after the heat shock hdsck thais, if

the unfolded luciferase, one of their reporter @irtg,is removed from or
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diluted out of the trehalose, and it can be refdldemolecular chaperones.
On the other hand, if the trehalas®ncentration remains high, it interferes
with the refoldingorocess, and the protein is not renatured by thepeione
(Singerand Lindquist, 1998). Thus, it may be importanthtave active

trehalase present once the heat stress is alldviate
1.11.3: Protection from damage by oxygen radicals:

Another role fortrehalose is in protecting cells against oxygen
radicals. Exposuref S. cerevesiae to a mild heat shock or to a proteosome
inhibitor induced trehalose accumulation and also markiedieased the
viability of cells on exposure to a free radicalrgeatingsystem
(H2O./iron). However, when the cells were returnedhe normal growth
temperature, both the trehalose content mststance to oxygen stress
decreased rapidly and returnedthe wild-type level. A mutant cell line
defective in trehalosgynthesis was much more sensitive to oxygen Kkilling
than waghe wild type, but adding trehalose to the mediuthamced the
resistance of these cells tg®4. The effect of oxygen radicad®s these cells
was to damage amino acids in cellular protaind the presence of high
concentrations of trehalose in tadls prevented this damage. The trehalose-
defective mutanshowed a much higher content of damaged proteiea ev
afteronly a brief exposure to oxygen stress. The sugmes thatrehalose
acts as a free radical scavenger. In these studggmitol and galactose also
protected but less so than trehalagleereas sucrose was ineffective. This
lack of protection bygucrose may have to do with its inability to quench
oxygen radicaler be taken up by cells (Banarowtigl., 2001).
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As indicated earlier in this review, trehalose aswtrose aréoth no
reducing disaccharides that may have considerabigasty in synthesis
and function. Both are stored in the cytosatelfs, and both may be present
in their respective cells ihigh concentrations depending on various
environmental conditiong&nother commonality is that when either of these
oligosaccharideare present in high concentration, the cells becqmte
resistanto a variety of stress conditions, including heatyydrationpxygen
stress, and so on (Hinckgal., 2002).

In plants, oligosaccharided the raffinose series (Gdl-6Sucrose and
higher) can accumulate cells to a level of 15% of the dry weight, ahdge

plantsmay have considerable stress resistance (Hidcila 2002).

This striking correlation cannot be ignored anddsef@rtheiinvestigation to
determine whether raffinose and stachyose @atlder sucrose
oligosaccharides are in fact produced as a proteatjainst different stress
conditions. The same may be trughe trehalose oligosaccharides that have
been isolated fronthe cytosol of M. smegmatis. Although their
concentrations in these cells were fairly low, thatld bebecause those
cells were not stressed. It will be importemtexamine the levels of these
various trehalose analogs aftetfls have been exposed to stréShitaet al.,
2002).
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1.11.4: Protection from cold.

Nature has developed numerous strategies for tigetlerm survival
of organisms. Among the most intriguing are thddgacal mechanisms that
preserve living organisms exposed to damaging tomdi like extreme
cold, dryness, or heat, or the absence of oxygeafibva, 2003).

This phenomenon, named cryptobiosis, involvesvaregble suspension of
the metabolism and an effective isolation from ém¥ironmental changes
(Keilin, 1959; Clegg, 2001). Cryptobiosis is widespread in the animal and
plant kingdoms, and occurs for example in tardigeachematodes, cysts of
crustaceans, yeasts, bacteria, fungi, mosses,npolEeeds, and even in
entire higher plants (Clegg, 2001; Crowe €t al., 1992; Guppy and Withers,
1999; Feofilova, 2003).

A common feature of cryptobiotic processes is pmeduction of large
amounts of saccharides triggered by the detectiostressful conditions
(Crowe et al., 2002; Crowe, 2002). However, the mechanisms whereby
sugars may stabilize living systems during fredmeat heat- cooling, or
dehydration-rehydration cycles remain a matter ebale. Studies had
shown that a combination of the bio-antioxidanatzge and the membrane
stabilizer trehalose in the conventional freezingktane affords better
cryoprotection to hematopoietic cells as judged ddgnogenic assays
(Sasnoor, 2003).

A mutant strain oE. coli that was unabl® produce trehalose died much
faster that did the wild typet 4°C. However, transformation of this mutant
with OtsA/otsB genes restored the ability to synthesize trehaosealsaell
viability in the cold (Kandroet al., 2002).
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Additional studies showed that downshifting cells from 37°C 16°C
caused an eightfold increase in trehalose levets aamarkedncrease in
MRNA levels for OtsA and OtsB. The authors speculatieat because a
number of proteins denature and precipitateth@ cold where the
hydrophobic effects are relatively wedtkjs possible that trehalose also
prevents the denaturati@and aggregation of specific proteins at cold
temperatures. Trehalogsgay also stabilize cell membranes whose fluidity
decreases duringmperature downshift. Thus, exogenous trehalosdéan
shownto protect a variety of organisms against freeziwwgh maximum
protection seen when trehalose is present on hd#s ©f themembrane
(Kandroret al., 2002).

1.11.5: As a sensing compound and/or growth regulato

Although tobacco plants transformed with the gefloesenzymeof
trehalose synthesis (TPS or TPP) do exhibit a sligbreasen drought
tolerance (still somewhat controversial), the egpienof the microbiol
genes for trehalose synthesis causes sgvevdh defects, such as dwarfism
and aberrant root developmévibgel et al., 2001).

These findings have led these researctwerpostulate that trehalose or
related metabolites might functicas regulators of plant growth and
development. This effect coulbd similar to the effect of trehalose-6-P on
hexokinase anglycolysis in yeast, or it could be due to an dffec other
metabolic pathways. Interestingly, similar growtbfetts werebserved
with transformed rice plants even though thesetplid not accumulate

large amounts of trehalose (Mullgral., 1999).
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The authors provide three possible explanationsfadiews: (1) the
pleiotropic phenotype may be due to a disturban€enoomal plant
metabolism, such as exhaustion of UDP-gluc(®esven the small amounts
of trehalose or trehalose-P might toxic to plants; or (3) trehalose

metabolism may be a signalsugar sensing and partitioning of assimilates.
1.11.6: As a structural component of the bacteriatell wall:

In  mycobacterium and corynebacteria, trehalose hs basic
componendf a number of cell wall glycolipids (Lederer, 1976

The besknown and most widely studied of these trehalogeldi is cord
factor, a cell wall lipid oM. tuberculosis that contains thenusual fatty acid
mycolic acid esterified to the 6-hydroxytoup of each glucose to give
trehalose-dimycolate. This lipid considered to be one of the major toxic
components of theell wall and is also largely responsible for thoavl
permeabilityof the mycobacterium cell wall, which confers calesable

drugresistance to these organisms (Brennan and Nik&aRR5).

Trehalose-monomycolaie the proposed precursor to trehalose-dimycolate
(cord factor)but it also appears to serve as the donor of mycadid
residuesto the cell wall arabinogalactan to form the mygoly
arabinogalactan-peptidoglycaomplex (Chatterjee, 1997).

A mycolyl transferase was isolateshd this enzyme was shown to catalyze
the transfer and exchangkemycolic acid from trehalose-monomycolate to
free trehalos® produce both mono- and dimycolyl-trehalose (Bekt al.,
1997).
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Whether this enzyme or a similar transferase wliredin transferring
mycolic acid residues to cell wall polymemmains to be determined.
Corynebacteria and nocardia also conteshalose glycolipids that have
fatty acids that are relatéd but not identical with the mycolic acids, and
these fattyacids are referred to as corynomycolic or nocardminy acids
(Lederer, 1976). The function of these lipids, esitheiobvious structural
role, is not known. There are other antigenic gliyeds in the mycobacterial
cellwall that also have trehalose as the base. For @eaimereare a variety
of acylated-trehaloses that have three major tgpéatty acids attached to
the 2 and 3 hydroxyl groups of tkeme glucose. These fatty acids are: n-
Cis_10Saturatedatty acids, G,_,s--methyl branched fatty acids, a@g, oga-
methyl branched, 3-hydroxy fatty ac{@sesraet al., 1992).

M. tuberculosis and other mycobacterelso have trehalose lipids that
contain sulfate, such as 2,3,6,6'-tetra-acyl-2asatfehalose (sulfatide 1)
(Alugupalli et al., 1995), or othetypes of fatty acids, such as phthienoic
acids (Daffeet al.,1988).

This great variation in the types of fatty acidaridin these organisms and
as cell wall components suggests a probaletion, but so far specific
functions have not been demonstrateally, mycobacterium, such as
Mycobacterium kansasii, is characterizedy the presence of seven species-
specific neutral lipooligosaccharidatigens. These oligosaccharide antigens
have a common tetraglucosare which is distinguished by artrehalose
substituent towhich are linked such various sugars as xylose,- 3-O
methylrhamnosducose, and a novel N-acyl aminosugar. The exaottsire

of these compounds has not been determined. Anadodgait specific
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lipooligosaccharides typify a host of other typibglcobacterium(Hunteret
al., 1983).

1.11.7: Protection against freeze-drying (lyophiliation)

Freeze-drying is often used for preservation anchge of biological
samples; however, it has some undesirable sidetgffeuch as denaturation
of sensitive proteins and decreased viability fangncell types. To prevent
or reduce these adverse effects, protective sulegasuch as skim milk,
sucrose, glycerol, and dimethyl sulfoxide are comiyp@dded to samples
before freezing or freeze-drying. While the addhtimf solutes is known to
increase the number of viable cells in a freezeedrsample, viability
remains below that of the initial culture, and gigsical mechanism of their
protective action remains to be established. Pusweork has shown that no
reducing disaccharides such as sucrose and trehedosprotect liposome,
isolated biological membranes, and some intactscEtbm the adverse
effects of freezing and drying. Liposome dried aadydrated without the
addition of a disaccharide suffer imbibitional dagmand leak their contents
to the surrounding media, while those dried wittiissaccharide retain their
contents. Vesicles of isolated lobster sarcoplasaticulum dried without a
disaccharide suffer fusion and a total loss ofi @ansport activity. Vesicles
from the same sarcoplasmic reticulum preparatioeddrith a disaccharide
exhibit no adverse effects. Work with intact poleom the cattailTypha
latifolia has shown that sucrose plays a vital role in p@lebility to
tolerate drying and storage (Richatdil., 2002).
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2.1 Equipments and apparatus

The following equipment and apparatus were usenhglainis study:

Equipments Company(origin)
Autoclave Tomy(Japan)
Balance Ohans(France)
Compound light microscope Olympus(Japan)

Distillator

GFL (Germany)

Electrical Oven

Sanyo (Japan)

Electroporator (Iraq)
Incubator Termaks(U.K)
Lyophilizor Labconco(England)

Micropipette

Witey(Germany)

Millipore Filter paper unit

Millipore corp(U.S.A)

pH-meter

Mettler Toledo(U.K)

Refrigerated centrifuge

MSE (UK)

Sensitive balance

Delta Range(Switzerland)

Spectrophotometer

Miltonroy(USA)

UV-transilluminator

Vilber Lourmat(France)

Water bath

GFL(Germany)
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2.2 Chemicals

The following chemicals were used in this study:

Chemicals Company(origin)
Chloroform,NaOH,BaG|H,SO,, BDH-England
Kl, Na,HPO,, KCI, NaCl, Glucose
B-mercaptoethanol,toludine blue,
lodine.
Nutrient Broth, Nutrient Agar Biolife-Italy
Trehalose Difco-USA

HEPS, phenol, crystal violate,

sufranine, iodine.

Fluka-Switzerland

Ethanol

Iraq

Agar

Sigma-USA

2.3 Antibiotics

The following antibiotics discs were used in thisdy:

Antibiotics Abbreviations | Concentration (ug) | Company(origin)
Amikacin AK 30 Al-Razzi(lraq)
Carpencillin PY 100 Al-Razzi(lraq)
Cestazidime CzC 30 Al-Razzi(lraq)
Chloramphenicol C 30 Bioanalysis(UK)
Erythromycin E 15 Bioanalysis(UK)
Gentamycin CA 10 Al-Razzi(lraq)
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Nalidixic acid NA 30 AL — Nadear(lraq)
Norfloxacillin Nor 10 AL — Nadear(lraq)
Penicillin P 10(U) AL — Nadear(Ilraq)
Streptomycin S 10 AL — Nadear(Irafy)
Tetracycline TE 30 AL — Nadear(Iraq)
Vancomycin VA 30 AL — Nadear(lrad)

-Antibiotics powders:

Antibiotic Abbreviations

Company (origin)

Tetracycline TE

Oxoid(England)

2.4 Bacterial Isolates:

The following bacterial isolates were used in #giigly:

Bacterial isolates phenotype Source

Escherichia coli wild type Central of childhood
Hospital

Saphylococcus aureus wild type Central of childhood
Hospital

Saphylococcus Wild type Central of childhood
epidermidis Hospital

Y4
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2.5. Media

2.5.1 Ready-made culture media:
The following media were ready-made media prepacedrding to
the manufactures instructions and autoclaved &tQ &dr 15 minutes.

Medium Company (Origin)
Brain heart infusion agar Difco (U.S.A)
Brain heart infusion broth Difco (U.S.A)
EMB media Oxoid (England)
Nutrient agar Oxoid (England)
Nutrient broth Oxoid (England)
Mannitol salt agar Difco(U.S.A)

2.5.2 Prepared culture media:

* Blood Agar Medium (Atlaset al., 1995)

It was prepared by autoclaving blood agar bBsed U.S.A) after
adjusting pH to 7.0, cooled to 45°C, then 5% bla@d added and mixed

well.

 DNase Medium(Atlaset al., 1995)
It was prepared by dissolving 42g DNase aggni@iU.S.A) with 0.1g
toludine blue in 1 litter of distilled water , pHas adjusted to 7.2 and
sterilized by autoclaving at 121°C for 15 min.



Chapter Three Results and Disoussi

2.6 Reagent and Stains
 Hydrogen Peroxide Reagen{Atlaset al., 1995)

This reagent used for catalase test at 3% coratenir

» Oxidase Reagen{Atlaset al.,1995)

This reagent was composed of 1% of tetra methyl-p-

phenylenediamine dihydrochloride (Freshly prepa@dtion).

» Crystal violate stain (Atlaset al., 1995)
This stain was prepared by dissolving 2g of crygtalate in 20ml of

95% ethanol and the final volume was completedo@ with distilled

water and filtered before use.

« Safranine Counter Stain(Atlaset al., 1995)
This stain was prepared by dissolving 0.25g ofasafre O in
10ml of 95% ethanol and the final volume was corntgule¢o 110ml
with distilled water allow to stand several daysl ditered before

used.
* Lugol's lodine Reagent(Atlaset al., 1995)

It was prepared by mixing 2g of potassium iodidéhwiig of
iodine in 300 ml of distilled water.
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2.7 Buffers and solution

« Electroporation buffer (Internet # 1):
HEPES (pH 7.0) 20 mM

NaCl 137 mM
KCI 5 mM
NaoHP O, 0.7 mM
Glucose 6 mM

3-mercaptoethanol 0.1 mM
Dissolved in distilled water, Sterilized by Filtia

» Phosphate Buffer ph 7.Q(Atlas et al., 1995)
NaHPO, 9.52 g/L
NaH,PO, 6.00 g/L
Sterilized by autoclaving at 121 °C for 15 min.

* Antibiotic solution (Maniatiset al., 1982).

Tetracycline

It was prepared as stock solution of 12.5 mg/mltetfacycline
hydrochloride in solution of ethanol/ water (50%WW. Sterilized by
filtration and stored in aliquots at -20°C in tharkl

Methods

2.8 Collection of Samples
Skin sample (pus) were collected from wound intecf patient in central
childhood hospital, during the period from 10/041t04, one sample was

collected and diagnosed, and after that the isslateused for this study.
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2.9 Maintenance of bacterial isolate:-
Maintenance of bacterial isolate was performed @ting to (Atlaset al.,
1995), as the following:
2-9-1 short-term Storage:

Colonies of bacteria were maintained for period&ewf weeks on the
surface of agar medium (Nutrient agar). The platexe tightly warped with

parafilm and stored at 4°C.

2-9-2Medium-term Storage:
Bacterial isolates were maintained in stab cultdogslong periods
(few months). Such medium were prepared in scrgyp@a vials containing

5-8ml of nutrient agar medium and stored at 4°C.

2-9-3long-Term Storage

Ten ml of 15-20% glycerol were added to screw tubestaining
nutrient broth. After autoclaving, inoculate witladieria and incubate at
37°C for 24 hr. aerobically then kept in freezeacteria can be stored for
many years in this medium without significant la$viability (Contreraset
al., 1991).

2.10 Inoculum's preparation:

Cells of bacterial isolates grown in nutrient brotmtil mid
exponential phase (0.D600nm = 1), were pelletedmfraOml by
centrifugation at 6000 rpm for 10 min. washed aslispended with normal

saline, 1% (v/v) This prepared inoculums were thsed in our experiment.
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2.11 Measurement of Bacterial Growth:

Growth of bacterial was monitored by MacFarland etuNo. 5
turbidity standard (which prepared by adding 0.6 ahl0.048 M BaC}
[1.175% w/v Bad 2H,0] to 99.5 ml of 0.36 N k80,), which is equivalent

to bacterial concentration for inoculums 1.5 X @fyanisms/ml.

2.12 ldentification of bacterial isolates (Holtet al, 1994; Atlas
et al.,1995)

2.12.1 Morphological and Cultural Characteristics.

Morphology of colonies were studied on brain ha#tision agar
(Collee et al., 1996).
Color, shape, size and edge of colonies were dedoafter 24 hrs. Of

incubation at 37°C.

» Gram's Stain (Atlas et al., 1995)

A single colony was transferred by a loop to amlsiéde. The smear
was stained with crystal violet, treated with icglirdecolorized with 95%
alcohol, and counterstained with safranine, themmemed by light

microscope
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2.12.2 Biochemical and Physiological Characteristc

2.12.2.1 Catalase Production tegMazaet al., 1997)

This test was performed by adding (2-3) drops afrbgen peroxide
(H20,) (3%) on a single colony grown on BHI agar plad@pearance of

bubbles was regarded as positive result.

2.12.2.2 Oxidase Production tegHarely and Prescott, 1996)
Filter paper was saturated with the substrate aftetthyle-p-

phneylene-diamine-dihydrochloride), colony of baeteisolate to be test
was rubbed on the filter paper with a sterile wooagplicator stick. An

immediate color change to deep blue indicates diyp®sesult.

2.12.2.3 Growth at 45°C.
Test tubes containing BHI broth were inoculatedhwitvernight
culture of bacterial isolate, incubated at 45 °C for 24 hractBrial growth

(turbidity) was regarded as positive result.

2.12.2.4 Coagulase Production Test.

Plasma diluted 1:10 in normal saline (0.85%NacCl¥ weepared and
placed in small tube. The bacterial isolate undst Wwas inoculated into the
tube, by adding O.I ml of overnight culture. Théduwas incubate at 37°C
and examined for coagulation after 1, 3 and 6 hrs.

The tubes that showed negative results were leftoatn temperature
overnight and reexamined. The conversion of therpéainto a soft gel was

observed by tilting the tube to a horizontal paositi
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2.12.2.5 DNase Production TegColleeet al., 1996)

DNase agar plate containing toluidine blue (100nhg#ndicator, was
inoculated with the bacterial culture, and therulvatted at 37°C for 24-48
hrs.

Development of a rose pink halo surrounding thesuef bacterial growth
indicated the hydrolysis of DNA.

2.12.2.6 Hemolysis Patterns on Blood AgdAtlaset al., 1995)

A single colony of overnight growth culture wasestked on blood
agar. The type of hemolysis produced by the growmignies was observed

and recorded.

2.12.2.7 Aerobic Mannitol Fermentation Test(Atlas et al.,
1995)

The isolated bacterium was streaked on the plateapinitol salt agar
and the plate was incubated at 37°C overnight. difenge in color from

deep pink to yellow was a positive indication ofrm#ol fermentation.

2.12.2.8 Tolerance to NaCl (7-9%JAtlas et al., 1995)

A loop full of an overnight culture of bacteriablate was inoculated
into brain heart infusion broth supplemented witB% NaCl, incubated at

37°C for 24hrs. Bacterial growth was regarded astpe result.
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2.13 Effect of Trehalose on bacterial isolate prepeed in the

dry state at room temperature:

A novel procedure was used to evaluate the effieCtehalose on the
S aureus andE.coli isolates. These were used viable dried bacteodymed
by natural drying in the presence of Trehalose.

A novel method was provided for preserving live teaa by
subjected an aqueous system containing the growaujeria to drying
without special equipment, in the presence of lodeg a dried compound
for preservation of aerobic bacteria in a viabbktestis provided. The dried
composition consists essentially of dried via a®&robacteria and an
appropriate growth medium. The bacteria and grangldium were initially

placed in an agueous solution of 100mM, and dnemom temperature.

Bacterial isolate with the following phenotypic cheteristics were
each tested for their ability to be preserved auobmstituted using trehalose
as preservation agenE.coli, Saureus. The two bacterial isolates listed
above were each individually inoculated into staddailture media in wells
of a 96-well microtiter dish. They were grown ovight at 37C. In the
following day an equal volume of preservation medisth 10 mM of
divalent cation (CaG) containing a trehalose was added to the growing
cultures giving a final concentration of trehald€®mM. The cultures were
gently rocked over a 96 hour period and the costatibwed drying. The
dish was then covered and placed at room temperaiditer one week the
individual cultures were rehydrated with sterile teva pre-warmed to
37°C.added to nutrient broth media to test for vidiliAfter 1 month,
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individual cultures were rehydrated with sterile teva pre-warmed to
37°C.added to nutrient broth media to test for vidypili

2.14 Trehalose protection against UV light

Culture of Saureus grown in Brain Heart medium with 100mM
trehalose and without trehalose(control) until thel exponential phase,
were pelleted from 5ml by centrifugation at 400@nrfor 10 min., washed
twice and resuspended in the same volume of phosplder (pH=7.0).
The UV source was UV-Transiluminator-Cross LinkELX-20-M, Vibler
Lourmat, France].
The tray size for irradiation was approximately 25xm. Then the samples
were exposed on Petri dishes, multi-well platesibrane, etc, to direct
irradiation from(for 15 watts) 254nm bulbs. A UV gibelectric cell detects
actual intensity. The dose rate of UV irradiatiorasw2-5 J/rfis.The
experiments in this study were preformed under light. The distance
between UV source and irradiated suspension was.11c
Three ml samples of the bacterial suspension irsjate buffer contain
Trehalose and the control was irradiating in stefetri dish for the
following doses: (0, 10, 20, 30, 40, and 50)%J/m
Two samples of each treatment were taken and sviol 0.1 ml sample
diluted properly and spread on BHA, then incubae®7°C for 24 hr. to

determine the total viable count(survival fraction)
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2.15 Antibiotic sensitivity Test (Baron and Finegal, 1994):

Disk Diffusion Test:

Two test tubes contain 10 ml of nutrient broth medione with
100mM of trehalose and the other without(controipaulated with the
bacterial isolateS.aureus, E.coli the cultures were incubated at 37°C to mid
log phase (0.D600nm a bout 1) giving 1XIfacterium/ml. 0.1 ml of
inoculated broth transferred to BHA. A sterile oottswab was used to
streak the inoculums on the plate surface in 3bfit planes (by rotating
the plate approximately 60 each time to obtain mnedistribution of the
inoculums). The inoculated plates were then platedom temperature for
10 minutes to allow absorption of excess moistWeh sterile forceps the
selected antibiotic disks were placed on the Irateal plates and incubated
the plates at 37°C for 18 hrs. in an inverted parsit
After incubation, the diameter of inhibition zonene noted and measured
by a ruler in mm, results were determined accordiogthe National
Committee for laboratory standards (NCCLS, 1986).

Minimum Inhibitory Concentration (MIC)

Twenty test tubes containing nutrient broth wemepared. Ten test
tubes have been added 100mM trehalose and the tehetest tubes
treatments left without trehalose (control), to tedcave been added
guantities of antibiotics, serially diluted fron¥.g/ml to 100ug/ml. The last
tubes were free of antibiotics and serves as athroontrol. Twenty tubes
were inoculated with a calibrated suspension ofShareus, following by
incubation at 37°C for 18 hrs. At the end of theuibation period, the tubes
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were visually examined for turbidity. Cloudinesdicates that bacterial
growth has not been inhibited by the concentradioantibiotic contained in

medium.

2.16 Effect of Trehalose on Antibacterial activity:

Antibacterial Agents Test Inhibitory effect was determined by the agar
diffusion method described by (Nathetral., 1978).

Using the bacterial inoculation technique. Comnadtgiavailable 60 mm.
petri dishes containing BHA were inoculated wiBaureus isolate with
100mM trehalose and without trehalose as controuging sterile swabs.
Two evenly spaced holes 3 mm. in diameter were nadee agar of each
plate with sterile cork borer. To identify the ingic antibacterial activity of
the diluents, wells were filled witB.epidermidis. An equal volume (200ml)
of each agent was expressed into each well (Twhcet@ plates were
prepared for each agent). Test plates were tharbated at 37°C for 24
hours and zones of inhibition were measured witHimeters. A clear

inhibition zone indicates that the agent had refghihs antibacterial activity.

2.17 Effect of Trehalose against freezing
The two tests isolat&aureus and E.coli were cultured in nutrient
broth medium for 18 hrs. After the incubation pdrie 100 mM Trehalose

was then added to the culture, while the contrfoMeghout any addition.
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All the tubes were then sealed and stored2(fCG for 40 days; a
sample were then lifted each 10 days, reculturedutnent agar medium to

determine its viability.

2.18 Effect of Trehalose after freeze drying (Lyopitized

Bacteria)

Two flasks containing 50 ml of nutrient broth cu#umedium were
prepared, and inoculated wiBaureus 18 hrs. at 37°C.
A 100 mM trehalose was added to the culture wiigdontrol left without
any addition.
The two flask then transfer to sterilize lyophibzZigask and then lyophilized.
After the lyophilizing the flasks sealed and stofed4 months, each month
sample were then diluted and cultured in Brain HAgar to determine the

viable cells after incubating for 18 hrs. at 37°C.

2.19 Effect of Trehalose on Electroporated bacteria

Two tubes containing 10 ml of nutrient broth cudtunedium were
prepared, and inoculated wiBaureus 18 hrs. at 37°C
100 mM trehalose was added to the culture whilecth@rol treatment left
without any addition.
The cluttered were centrifuged (3000rpm for 10 jnamd wash twice with
electroporation buffer, then transferred to a cieveGently to avoided any
bubbles formation in the gap between the platetreldes. The cuvette
inserted into cuvatte holder of the local handmal@etroporator fig.(2-1) ,
which the plastic nose of the cuvatte fits intib @ the cuvatte holder. The
cuvatte holder was pushed into the electroporattt iticlicks into position.

The voltage were selected and switched on. Afetedporation the cuvatte
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was removed from the cuvatte holder. The bactestdlition was then
transferred into BHI broth media to determine trabie cells.
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3.1 Identification of Bacterial Isolates:

The bacteriuntaphylococcus sp. was isolated from skin smear (pus) and
identified by biochemical and physiological chaeaistic, while the

bacterium E.coli was isolated from previous study.

3.1.1 Morphological and Cultural Characteristics:

The isolate had shown golden pigmented colonidésclwwere 2-3
mm in diameter, on (B.H.l.) agar at 37°C for 24 .hidoreover,
microscopically examination was demonstrated tmapg like clusters of

cells with Gram-positive reaction (Figure 3-1).

3.1.2 Biochemical and Physiological Characteristics

Results (Table 3-1) of biochemical and physiolobieats performed
on Saphylococcus sp. showed positive to coagulase and catalase, but
negative to oxidase. Furthermore, it was able tomémt mannitol
aerobically, produce DNase, able to prodfieeemolysis on blood agar,
grow on media containing 7-9% NaCl and grow at 45°C
Morphological and biochemical characterization agreith these stated by
Holt et al., (1994) and Atlast al., (1996).
The results in table (3-1) showed that the isoksng to the species of
Saureus.

o¢



Chapter Three

Results and Disoussi

Figure (3-1) A smear of Gram-Positive bacterigstaphylococcusp.

Table (3-1) Biochemical and physiological charactéstics of

S. aureus
Test Result
Coagulase +ve
Catalase +tve
Oxidase -ve
Aerobic mannitol fermentation Ferment
DNase production +ve
Haemolysis on blood agar 3-hemolysis
Growth in 7-9%NacCl +ve
Growth at 45°C +ve
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3.2 Effect of Trehalose on drying (dehydrations):

The results were shown in fig (3-2) .IsolateSHureus had a higher
level of viability after one month when preservad the presence of
Trehalose than control. The two primary stressed tere proposed to
destabilize lipidbilayers during dehydration are fusion and lipidagd
transitionsStudies by laser light scattering or other techeggdemonstrate
that Trehalose and other sugars inhibit fusion betwthe vesicleduring
drying, but the inhibition of fusion alone is naifficientto preserve the dry
vesicles. Thus Trehalose is also necessarprevent phase transitions
(Crowe and Crowe, 1990).

Trehalose depresses the phase transition tempeohtine dry lipids, which
maintains them in the liquid crystallipgase in the absence of water (Crowe
and Crowe, 1988).

While the result ok.coli isolate shown no effect of Trehalose preservation
in dry state. The disaccharide Trehalose actscast@nsource inE.coli. At
high osmolarity of the growth medium, however, thean also degrade
Trehalose as the sole souafecarbon under both high- and low-osmolarity
growth conditions. The modes Trehalose utilization are different under
conditions and have tme well regulated (Booat al., 1990)
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Figure (3-2): (A) Effect of trehalose in preservatn of S.aureus

after one month of drying.

Figure: (B) drying of S.aureusafter one month.
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3.3 UV Survival Curve of Staphylococcus aureusvith and

without addition of Trehalose:

The survival curve of.aureus after exposed to different doses of UV
irradiation is shown in figure (3-3). The resultlicated thaG.aureus lost it's
viability exponentially while addition of Trehaloseake the bacterial isolate
more resistance to UV. The survival curveSadureus without addition of
Trehalose (control) showed increases of lethalggdage exponentially with
the increase of UV doses and the highest lethatepéage or the less
survival fraction is LIxI®* when the bacteria exposed to 40 T UV
irradiation. But the survival curve o%aureus. With the addition of
Trehalose showed more resistance to the UV (Thd se®us damage to
cells exposed to radiation is attributed mosthyetiects on the structure of
cellular DNA. We found that trehalose protects Di¥ém irradiation, In the
presence of Trehalose, DNA can be protected frooutad times higher
doses of irradiation, The protective effect incemawith the amount of the
sugar , Yoshinaga, 1997).

Other study of lethal effect of UV light oBaureus showed that this
bacterium was sensitive (Aakri and Umrann, 1994; Al-Zubaei, 2001).

Results indicated thaSaureus without addition of Trehalose was
sensitive to mutation induced by UV, while the &dai of Trehalose, the

bacteria become more resist to UV irradiation(Yoaga, 1997).
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Figure (3-3): UV survival of S.aureuswith and without

Trehalose.

*  S.aureuswith trehalose

e S.aureuswithout trehalose

o1



Chapter Three Results and Disoussi

3.4 Antibiotic Sensitivity:

Isolate of Saureus and E.coli were tested using eight different
antibiotic disks. Decision for considering an &el resistant or sensitive
with and without addition of trehalose (control)re¢aken in comparison of
the diameter of inhibition zone with that of startlavalue of (NCCLs,
2001).

Results shown in table (3-2) indicate that resistaio antibiotics was
widely increased among isolate ®&ureus treatment with trehalose than the

control.

The results showed that isolateSxureus treated with trehalose was resist
to Norfloxacin, Erythromycin, Streptomycin and Gamycin while the

control was sensitive to these antibiotics.

Table (3-2): Result of antibiotics disc test by usg 8

antibiotics against isolate ofS.aureus.

Bacterial Antibiotics

isolates
Nor E S TE | GM | VA |CZC |zZOX

Saureustreated| R R S R R S R S

with trehalose

Saureuswithout| S S S S S S R S

trehalose(control

~
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While Results shown in table (3-3) indicate thaeRalose had no
effect on antibiotics resistanceEcoli.

The result shown in table (3-3) Trehalose had fecebn antibiotics
resistance toE.coli because of Trehalase enzymghe disaccharide
Trehalose acts as a carlsmurce inE.coli. At high osmolarity of the growth
medium, however, they can also degrade Trehalodbeasole sourcef
carbon under both high- and low-osmolarity growtimaitions. The modes
of Trehalose utilization are different under coiwts and have tbe well
regulated (Boost al., 1990).

Table (3-3): Result of antibiotics disc test by usg 8

antibiotics against isolate of.coli.

Bacterial isolates Antibiotics

Nor | E S TE|GM | VA | C | CF

E.coli treated with S S R R S R S S
Trehalose

E.coli without S S R R S R S S
Trehalose(controIP

Testing of resistance in microorganism is importimtcategorizing

their behavior in accordance to kinds dilaatics as well as their
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medical applications concerning their effectivenmstreatment of diseases
and distribution of resistance among isolates fesighing pattern of
resistance, serve as a picture for following transif genetic elements
among species and hence spread of resistance (Balonl994).

For screening purposes, test is required for séparaof huge
numbers of isolates. Accordingly, disc method isfulsto do so. The test is
fast and simple, however it suffer from lowerne$saccuracy as long as
zone of inhibition widely effected by medium comjpios and interference
of some ions with spread of antibiotics through thedium (Baroret al.,
1994).

For research studies, Minimum Inhibitory Concembreg (MICs) is
useful to specify minimum concentration of antimathowing inhibition of
growth. Such concentration could also be useful rfadical purposes.
Accordingly, for testing antibiotic sensitivity, éntwo methods were used

wherever it is needed.

3.5 Minimal Inhibitory Concentration (MIC) Test:

Isolates were selected due to multiple antibiotisistances, thereby;
these isolates were selected in order to evaluatéebal susceptibility to
antibiotic as in the table (3-4). The breakpointgere applied following
(NCCLs, 1991), recommendations, when resistancel laere calculated,
"MIC" in both the intermediate and resistant ranges &meatl by the
(NCCLs, 1991) were considered as non susceptibthisnstudy. MIC was
defined as the lowest drug concentration in micaogrper milliter that
inhibited the visible growth of bacteria (Kinoshdzal., 1997).
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MICs were determined using the agar dilution meth&dm results of table
(3-4) one could concluded that Trehalose increasmigpiotics resistance of
Saureus while had no effect ok.coli resistance.

Table (3.4) The MICs values for tetracycline antibotics:

Isolate Antibiotics | MIC Values pg/ml
Saureus + Trehalose Tetracycline 12.5
Saureus Tetracycline 16.25

3.6 Effect of Trehalose on antibacterial activity

(antagonism)

The isolated of pathogenic bacter&aureus with trehalose and
without Trehalose (control) were inhibited by theude antimicrobial
substance produced b§epidermidis.(antagonism activity)From Gram-
positive microorganisms, it doesn't inhibit any @raegative bacteria, but
does inhibit several other genera (Galiono and diinsl970).Trehalose
showed no effect on the protection of bact&aureus from antimicrobial

substance produced Bepidermidis.
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3.7 Store of bacterial isolates from freezing tempature in the

presence and absence of Trehalose:

Two isolates of bacteri&aureus, E.coli were stored by using the
freezing technique and the results appears byidlggains bellow for storing
of the bacterial isolates in -20°C in addition d0inM Trehalose and
without(control).There was increasing capability \o&bility of bacterial
isolateS.aureus, when added 100mM of Trehalose before freezingpaoad
with the control. Figure (3-4) showed that the tbeal isolateSaureus
keeps its viability after 4 weeks of freeze preagon while the control loss
more of it's viability after preservation for tilsame time. In preservation of
E.coli with Trehalose, showed the same effect in preservaigainst freeze
than the control as shown in figure (3-5). The plasnembrane is a key
component of the cell and mus# maintained during freezing conditions if
the cell is to bekept alive. It has been demonstrated with artificia
membranes,such as unilamellar vesicles, that damage measbsed
intermixingand fusion can be reduced by a series of cryopeotes; with
trehalose and sucrose being more protective tharegil. Thus, these sugars
probably play a key role in preventing deleterialisration to the membrane
during reduced-water states (Anchordogtgl., 1987).
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Figure (3-5): The effect of freezing in -20°C on té viability of
E.coli cells plus Trehalose (E+T) and without trehaloseH)

control.
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3.8 Protection of bacterial isolate from freeze-dring
(lyophilization):

Saureus was lyophilized with Trehalose and without Trels&lo
(control). The experiment was proved that Trehakesps the bacteria more
viable after lyophilization and stored in room teargture after 4 months of
storing higher decrease was observed on viabilftyparcteria preserved
without Trehalose, while the bacteria that presgérwath Trehalose keep
more of it's viability after the same time fig. 63-

The diagram shows the effect of Trehalose for pues®n of bacteria after

lyophilization and stored in room temperature.

Molecular simulations of model, hydrated phosphdBpbilayers
(e.g., dipalmitoylphosphatidylcholine) are perfodnever wide ranges of
temperatures with and without protectants. The gvea head group
increases with temperature from 58 to 77. Mther properties such as
hydration number, alkyl tail order-parameter, diftan coefficients and
radial distribution functions exhibit a clear dedence on temperature. The
simulated area per head group of the bilayer isaffetted by the presence
of disaccharides, suggesting that the overall &iracof the bilayer remains
undisturbed. The results of simulations reveal th@ interaction of
disaccharide molecules with the bilayer occurs grily at the surface of the
bilayer, and it is governed by the formation of tijpé hydrogen bonds to
specific groups of the lipid. Disaccharide molesudge observed to adopt
specific conformations to fit onto the surface oy of the bilayer, often
interacting with up to three different lipids sirtaneously. At high
disaccharide concentrations, the results of sinarat indicate that

disaccharides can serve as an effective replacerfwentwater under
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anhydrous conditions, which helps explain their egliveness as

lyophilization agents for liposome and cells (MTSM)

The protection of biological molecules during friegz and freeze-
drying (lyophilization) is a subject of considerabpractical importance,
particularly in the pharmaceutical industry. Mucbriwhas been conducted
on the use of a wide variety of compounds as cotegptants for these types
of processes. They have been found to protectipsotkiring freezing and
drying stresses. They have also been shown to mpred@mage to cells
during freezing and drying. Trehalose has been dotm be a highly
effective. Several structural and thermodynamiawargnts have been put
forward to explain the mechanisms of action of raoles such as Trehalose
(MTSM).

Damage to biological systems resulting from freémgng can be attributed
to two primary causes: changes in the physicag sthtnembrane lipids and
changes in the structure of sensitive proteins. &amof hydrogen-bonded
water from the head group region of phospholipithy@rs increases the
head group packing (Crovekal., 1985), and forces the acyl chains together,
increasing the probability of Van Der Waals int¢i@ts. As a result, the
lipid may undergo a transition from liquid crystaé to gel phase (Crowet
al., 1988).

Upon rehydration, dry membranes, which are in pkhse at room
temperature, undergo a transition from gel to tigarystal phase. As the
membranes pass through this phase transition #nrereegions with packing

defects, making the membranes leaky (Byler and 3265).
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Adding a disaccharide such as trehalose beforagltgwers the transition
temperaturem) of the dry membranes by replacing the water betwbe
lipid head groups, preventing the phase transiiod its accompanying
leakage upon rehydration (Crowtal., 1985, Crowest al., 1989).
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Figure (3-6): The effect of freeze-drying on the wability of
S.aureuscells plus Trehalose(S+T) and without Trehalose(S)

control.
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3.9 Effect of Trehalose on Electroporated bacteria

Trehalose showed an effect on protection of bectefter
electroporation. Result showed in fig. (3-7) indecdrehalose increase the
resistance of the bacteria against electroporation.

Electroporation is widely used for introduction BNA and other
foreign molecules into eukaryotic cells. Howeveonditions yielding the
greatest molecule uptake and gene expression salt irelow cell survival.
In this study, we assessed the efficiency of Tietalfor enhancing cell
viability after excessive Electroporation. This atisharide was chosen
because of its capability of stabilizing cell memes under various
stressful conditions, such as dehydration and iingezHowever,
electroporation is very damaging to the cell membésa (Mussauest al.,
1999).
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Figure (3-7): The effect of electroporation on theviability of
S.aureuscells plus Trehalose (S+T) and without TrehaloseS]

control.
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Recommendations
1. The study of the effect of in vivo injected Trehalose and itsrole in the
protection of living cells.
2. Increase the production of Trehalose from microorganisms produced
it.
3. Study the effect of Trehalose in protection of bacteria from curing

agents.
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