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ABSTRACT KEYWORDS
A study was conducted to establish the toxicity evaluation of xylanases Xylanase;
from Penicillium occitanis Pol6 and the expressed ones in the Penicillium occitanis Pol6;
methylotrophic yeast Pichia pastoristo be used asaprocessing aid in the Pichia pastoris;

baking industry. The dose delivered in the acute study was therefore 2000
mg/kg body weight samples powder. The subchronic study of these
xylanases was performed in Wistar rats at adose level of 12000 UTX/kg
body weight/day (this dose is three times the maximum dose of xylanase
to be expected in bakery products). Body weight, food and fluid intake,
antioxidant enzyme activities, biochemical parametersin plasmaand urine
and hematological parameters were obtained. Histopathology by light
microscopy was performed. Furthermore, the expressed xylanase
preparation was found not to represent mutagenic or clastogenic potential
in the bacterial reverse mutation assay. According to the results of this
study, the studied xylanases possess no discernible risk to human health
and no adverse effects were detected by oral administration.
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Safety evaluation.

INTRODUCTION 3.2.1.8. In addition to these classifications, xylanases
arefurther classified asglycosyl hydrolasesfamily 10
(F) and family 11 (G) xylanases®. The family 10

xylanasesdiffer from thefamily 11 xylanases primarily

Xylanasesarexylan-hydrolysing enzymesthat oc-
cur naturally and are widespread in plantsand micro-

organisms. Thesystematic nameof thexylanasethat is
the subject of this article is 1,4-B-D-Xylan
xylanohydrolase. It has the CAS No. 9025-57-4
(xylanase, endo-1,4) and the EC classification EC

withregardto size, and thefamily 10 xylanaseshave
relatively higher molecular weight thanthefamily 11
xylanases. Xylanases usedin food production gener-
aly belongtofamily 11, to which the subjectsof this


mailto:dorabdelmalek@yahoo.fr

RRBS, 8(12) 2014

Dorra Driss et al.

461

artidealsobelong.

ThePenicilliumoccitanis Pol6 mutant secreted two
xylanasestermed PoXyn3 and PoXyn2; thesetwo en-
zymesweresuccesstully expressad inthemethylotrophic
yeest Pichia pastoris X-33 under the control of theglyc-
era dehyde 3-phosphate dehydrogenase (GAP) consti-
tutive promoter. Thesetwo enzymeswere purified to
homogeneity by asmple, one-step purification protocol.
ThePoXyn2 matureproteinis320 aminoacidslongand
hasaca culated molecular weight of 29.88kDd, while
PoXyn3, withthelower molecular weight, mature pro-
tein presents 197 amino acidslong and 21.73kDa, in
good agreement with the val ues determined for thena
tive PoXyn31, Even though thetwo xylanases genes
productsare completely characterized inthetransgenic
products, thisdoesnot necessarily provideinformation
ontheir potentid toxicity!?%,

Thexylanasesdiscussed hereinareintended for use
asaprocessingadinthemilling and bakingindustry. In
theseindudtries xylanasesareused asdough srengtheners
sincethey provide excellent toleranceto the dough to-
wardsvariationsinprocess ng parametersandinflour qud-
ity. They dso significantly increasevolumeof thebaked
bread*2. Thus, for, care should be taken for consumer
gpplication of microbid enzymesinfood processng sfety.
European Union (EU) recommendssd ecting carefully the
nature and extent of toxicologica studiesperformedin
novel foodsor ingredients, taking into account the source
and compogition of thenovd food, itspotentid intake, and
whether itisintended for agpecific gpplication or for more
genera useinthediet™. Dataobtained from short-term
sudiesaremoreuseful becausethey hepto determinethe
potentia adverseeffectsof thecompound a low enough
dosestodlow surviva of theanima safter alonger expo-
sureperiod.

Theoverdl objectiveof thisinvestigationwasfirst
to study the effects of two xylanasesfrom P. occitanis
and theexpressed onesin P. pastorisadministrated by
oral routeto adult ratsand second to identify thelow-
est-observed-adverse-effect levels(LOAELS) and the
no-observed-adverse-effect levels(NOAELs) for acute
and subchronic xylanases exposure.

MATERIALSAND METHODS

Chemicals
Glutathione (oxidized and reduced), nicotinamide
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adenine dinucleotide phosphate reduced form
(NADPH), 5-52 -dithio-bis-2-nitrobenzoic (DTNB)
and thiobarbituric acids (TBA) were purchased from
Sigma(S. Louis, MO, USA). All other chemicaswere
of anaytical gradeand were purchased from standard
commercid suppliers.

Srainsand cultureconditions

The Penicilliumoccitanis Pol 6 mutant was sup-
plied by CaylaCo. (Toulouse, France). ThePol6 strain
isan hypercellulolytic mutant that was sel ected after
e ght roundsof mutagenesisfrom the CL 100 wild-type
strain®®, Thefunguswascultivated at 30 °C for seven
daysinaliquid medium containing Oat spelt xylanasa
carbon source. Erlenmeyer flaskswereused for 1 L of
solution contai ning glucose (2% w/v) and 200 ml of
Mandel’s medium® (ing/l): KH_PO,, 2; NaNO,, 5;
MgSO,+7H,0, 0.3; CaCl., 0.3; yeast extract, 1g; trace
elements solution, 1 mi/I; and Tween 80, 1 ml/I. This
solutionwasinoculaied withamycdium suspensonfrom
aroutinesubculture. Thesolution of traced ementscon-
tained (in g/l): CoCl,, 2; MnSO,*H,O, 1.6;
ZnSO,*H.0, 1.4; and FeSO,+7H,0, 5.0. The pH of
the culturewas adjusted to 5.5 with NaOH (10 N)1.

The P. pastoris host strain was X-33 (wild-type
srainfrom Invitrogen, San Diego, CA). Therecombi-
nant Pichia pastoris, with either PoXyn2 or PoXyn3,
weregrownin buffered Y PD medium containing 10g
yeast extract, 20 g Bacto-peptone, 20 g D-glucose,
and 10 mmol sodium phosphate buffer with the pH ini-
tially adjustedto 6.8.

Preparation and characterization of the test ar-
ticles

Thetest substances used for thetoxicological in-
vestigations described in this paper areliquid enzyme
preparations. Theenzyme activity isexpressed by its
ability to degradexylan. Thexylanase enzymehydroly-
ses the substrate to form reducing sugars which are
quantified by the DNS method. The B-xylanase unit
isnamed TXU (Tota Xylanase Units).

TheP. pastorisstrains X33; acommercidly avail-
able protease-deficient wastransformed with genes of
xylanase 2 and xylanase 3 from P. occitanis Pol6. In-
dividual transformants, grownon'Y PD medium, were
screened for maximum expression of active recombi-
nant xylanases. This screen resulted inthe sel ection of
the production strains. Thesetwo recombinant strains,
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combined together, consist thefirst test articledesig-
nated below as xylanases of group 1V. On the other
hand, the native xylanases (PoXyn2 and PoXyn3) pro-
duced on Mandd sand Weber medium by P. occitanis
Pol6 was al so prepared asthe second test article and
designated as xylanases of thegroup 1.

Thetwo test articleswere produced from original
strainsfrom afrozen glycerol stock by fermentationin
accordance with current good manufacturing practices
(cGMP) for foods.

Thefermentation brothswere centrifuged toremove
most of theinitia cell mass (>99%). Theprocessstream
wasthen clarified usng aplateand framefilter pressto
removeany remaining cells. Thetest article materials
werelyophilizedtoincreaseshdf life Themaeridswere
stored at 4-8 °C in sterile PETG bottles sealed under
nitrogen. Thefinal test batches appear asclear liquids
at room temperature, completely misciblewith water
and do not contain stabilizers or preservatives.

Prior touseintoxicologica studies, thetwotest ar-
ticleswereandyzed for chemica and microbia compo-
gtion, includingtheabsenceof theproducingstrains. The
resultsdemonstrated that the sampl es conformedto the
microbia and chemical specificationsestablished for en-
zymepreparationsusedin food processing, aspublished
TABLE 1: Characterigicsof thexylanasesfromthetwotest
articles.

Test articles

Group |1 G:s/up
Enzyme activity? (TXU/ml) 19879.45  6789.43
Dry matter content (%) 18.54 11.45
Carbohydrate (anthron) g/kg 124 45.6
Water (% w/w) 83.5 87.6
Total organic solids (% w/w) 134 12.3
Niot (%0 W/W) 1.47 1.36
Ash (% wiw) <0.1 <0.1
Total viable count - 10°-10"
Penicillium occitanis Pol6 Not i
(production strain detection) detected
Pichia pastoris (production i Not
strain detection) detected
Antimicrobial activity o ed | e

@ The activity of the xylanaseis defined in TXU (total xylanase
units). The xylanase activity was determined at 45°C in 50
mM sodium-acetate buffer, pH 5.5, using the modified method
of Bailey et al, 1992. The specific activity of the xylanase 2 and
3 are 15,000 and 23,000 TXU/ mg, respectively using this assay.

inthe Food Chemical Codex (FCC). Key characteris-
ticsof thetest materialsaregiveninTABLE 1.

Animalsand tr eatment

Malerats of Wistar strain with initial mean body
weight of 130+10 g, obtained from the Central Phar-
meacy (SIPHAT. Tunis. Tunisia), wereusedin thisstudy.
They werehoused at ambient temperature22+3°C in a
12-hour light/dark cydeandaminimumrdativehumidity
of 40%. Theanima shad freeaccessto commercid pd-
let diet (SICO, Sfax, Tunisia) and water ad libitum. The
composition of basal diet wasdescribedin TABLE 2.
Thegenera guidelinesfor theuseand careof living ani-
masinsdentificinvedigationswerefollowed®. Thehan-
dling of theanima swasapproved by the Tunis an Ethica
Committeefor the Careand Useof |aboratory animals.

Oneweek after acclimatization, thirty fiveratswere
randomly dividedintofivegroupsof sevenanimaseach:

group | served as controlswhich received stan-
dard diet and puredrinking water;
groupll  received via drinking water native

xylanasesjuicefrom P.occitanisPol 6 at
dosage of 44.87 ml/ kg body weight /day

TABLE 2: Composition of standard rat diet. Total energy
(kJ/kg) 16297

Ingredients? Amount in control diet(g/kg)
Casein 200
DL-Methionine 3
Corn starch 393
Cornoil 155
Sucrose 14
Cédlulose 50
Mineral mix ® 35
Vitamin mix ¢ 10

aAll ingredients were purchased from the Industrial Society of
Nutrients (SICO, Sfax,Tunisia). The diet is designed for
laboratory animals (primarily for rats and mice) raised in
laboratory conditions and used for experiments. All the
remaining data are given according to the producer; ®Mineral
mixture contained the following (mg kgl of diet): CaHPO,,
17200; K CI, 4000; NaCl, 4000; M g0, 420; MgSO,, 2000; Fe,0,,
120; FeSO,7H,0, 200; trace elements, 400 (MnSO,-H,0, 98;
CusSO,5H,O, 20; ZnSO,7H,0, 80; Na,SeO, 0.17;
CoSO,7H,0, 0.16; K1, 0.32; sufficient starch to bring to 40 g
[per kg of diet]); ¢ Vitamin mixture contained the following
(mg kg1 of diet): retinol, 12; cholecalciferol, 0.125; thiamine,
40; riboflavin, 30; pantothenic acid, 140; pyridoxine, 20;
inositol, 300; cyanocobalamin (vitamin B,,), 0.1; vitamin E (a-
tocopherol acetate), 100; menadione, 80; nicotinic acid, 200;
choline, 2720; folic acid, 10; p-aminobenzoic acid, 100; biotin,
0.6.
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whichisequivadent to12000 UTX/kg body
weight/day;

received orally the Mandel s and Weber
medium not been inoculated with
P.occitanisPol 6;

received via drinking water expressed
xylanase (PoXyn2 and PoXyn3) juices
from recombinant Pichia pastorisat dos-
age of 87.56 ml/ kg body weight /day
which is equivalent to 12000 UTX/kg
body weight/day;

received oraly theY PD medium not been
inoculated with P.pastoris.

The present study wasdesigned toinvestigatethe
toxicity of xylanasesPoXyn2 and PoXyn3 adminigrated
to rats during 45 days. The xylanase doses and the
treatment period were sel ected on the basis of previ-
ousstudies®.

During theexperimenta period, food and water in-
takeweremonitored daily. Theamount of ingested diet
was cal cul ated asthe difference between theweight of
feed that remainedinthefood bin (Da) and theamount
placed one day before (Db). Thesedatawerethen used
to calculatethedaily averagefeed intake, according to
theformula
Averagefeed intake= (Db —Da)

Quantities of xylanasesingested by each rat were
caculated fromwater intake, respectively (TABLE 3).

Urinary samples, collected into bottleswithin 24-h
cycles, were obtained from each animal housedina
specially designed metabolic cagewherefaecal con-
tamination wasavoided.

At theend of the experimental period, animalsof
different groupswerekilled by cervica decapitationto
avoid stress. Blood was collected in heparinised tubes
and centrifuged at 2200g for 10 min. Plasmasamples
weredrawn and stored at -80 °C until analysis. Other
blood sampleswere collected in 5 ml test tubes con-
taining EDTA for the determination of the hematol ogi-
cal parameterswithin the next twenty four hours. Se-
lected organsfor weight were dissected out, cleaned
and weighed. Somekidney samples, immediately re-
moved, were cleaned and fixed in 10% formalin solu-
tionfor histologica studies.

group 11

group IV

groupV

Acutetoxicity test
Animaswerefasted for 16 hpriortodosing. Male
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TABLE 3: Daily food intakeand water consumption.

Food Water l nge_s_ted
Groups Consumption Consumption q;?/?;g;eslof

(g/rat/day)  (ml/rat/day) (TXU/ ay)
Group | 14.84+1.15 30.59+4.32 -
Groupell 1490+1.38 32.39+5.70 3237.74+ 549.69
Groupelll  15.02+1.40 34.08+5.79
GroupelV 14.96+1.23 31L75+5.50 4105.55+ 795.46
GroupeV  1458+1.25 30.71+5.95

Values are means+SD for seven rats in each group.

ratswere dosed by ora gavage, using astainlessstedl
feeding needle, with 20 ml/kg body weight of aqueous
solution containing 10% (w/v) of both xylanase pow-
der from both P. pastorisand P. occitanisstrains. The
dosedelivered wastherefore 2000 mg/kg body weight
samples powder. All ratswere monitored continuousy
for 24 h after dosing for signsof toxicos's.

Animalswere monitored daily for any additional
behaviora or clinica signsof toxicity and weekly for
changesin body weight. Ratswere euthanized on day
14 by lethal dose of sodium pentobarbital, and organs
and tissues were examined macroscopically for
toxicantinduced changes.

Biochemical assays
Protein quantification

Plasma protein content was determined according
to Lowry et a 1?2 using bovine serumdbumin asastan-
dard.

Deter mination of hematological parameters

Whiteblood cdls(WBCs), red blood cells (RBCs),
hematocrit (Ht), hemogl obin (Hb), mean corpuscular
volume (M CV), mean corpuscular hemoglobin (MCH)
and mean corpuscular hemoglobin concentration
(MCHC) were analyzed by an electronic automate
Coulter MAXM (Beckman Coulter, Inc, Fullerton,
Cdifornig, USA).

Plasmalipid peroxidation

The concentration of maondia dehyde (MDA) in
plasma, anindex of lipid peroxidation, was determined
spectrophotometrically according to Drapar and
Hadley™. Andiquot of 0.5 ml of plasmawas mixed
with 1 ml of trichloroacetic acid sol ution and centri-
fuged at 25009 for 10 min. One milliliter of 0.67%
thiobarbituric acid reagent (TBA) and 0.5 ml of super-
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natant wereincubated for 15 minat 90 °C. The mixture
wasthen cool ed and the absorbance was determined
at 532 nm using a spectrophotometer. Lipid
peroxidation was expressed asnmol of thiobarbituric
acidreactivesubstances(TBARS), using 1,1,3,3-tetra
ethoxypropane as standard. Results were expressed
asnmol/mg protein.

Deter mination of protein car bonylscontent

Protein carbonyls (PCO) weremeasured using the
method of Reznick and Packer™, Briefly, 100 ul of
plasmawere placed in glasstubes. Then 500 ul of 10
mM 2,4-dinitrophenylhydrazine (DNPH) in2 N HCI
were added. Tubes were incubated for 1 h at room
temperature. Sampleswerevortexed every 15min. Then
500 ul TCA (20%) were added and thetubeswere | eft
onicefor 5minfollowed by centrifugationfor 10 min.
The protein precipitateswere collected. Thepellet was
thenwashed twicewith ethanol—ethyl acetate (v/v). The
find precipitatewasdissolved in 600 ul 6 M guanidine
hydrochloride solutionandincubated for 15minat 37°C.
The absorbance of the sample was measured at 370
nm. Thecarbonyl content was ca cul ated based on the
molar extinction coefficient of DNPH (¢ = 2.2 x10*
cmt M) and expressed asmmoles/mg protein.

Determination of antioxidant enzymeactivities

Catalase (CAT) activity wasassayed by themethod
of Aebil¥, Enzymatic reaction wasinitiated by adding
an aiquot of 20 ul of the plasma and the substrate
(H,0,) toaconcentration of 0.5M inamedium con-
taining 1200 mM phosphate buffer (pH 7.4). Changesin
absorbance were recorded at 240 nm. CAT activity
wascal culated intermsof umole H,O, consumed/min/
mg of protein.

Superoxidedismutase(SOD) ectivity wasestimated
according to Beauchamp and Fridovich®®. Thereaction
mixture contained 50 mM of plama in potassium phos-
phate buffer (PH 7.8), 0.1 mM EDTA, 13 mM L-methion-
ine, 2 uM ribofiavin and 75 mM nitro blue tetrazolium
(NBT). The developed blue color in the reaction was mea-
sured at 560 nm. Units of SOD activity were expressed as
the amount of enzyme required to inhibit the reduction of
NBT by 50% and the activity was expressed as units'/mg
of protein.

Plasmaglutathione(GSH) levels

GSH inthe plasmawas determined by the method
of Ellman*¥ modified by Jollow et al. (1974). The

method was based on the devel opment of ayellow color
when DTNB (5,5-dithiobtis-2 nitro benzoic acid) was
added to compounds containing sulfhydryl groups. 500
ul of plasma were added to 3 ml of 4% sulfosalicylic
acid. Themixturewas centrifuged at 1600gfor 15min.
Five hundred microliters of supernatantsweretaken
and added to Ellman’s reagent. The absorbance was
measured at 412 nm after 10 min. Total GSH content
wasexpressed as j1g/mg of protein.

Plasma ascorbic acid levels

Ascorbic acid determinationwas performed asde-
scribed by Jacques-Silvaet a .. Proteininthe plasma
was precipitated in 10 volumes of acold 4% trichloro-
aceticacid solution. An diquot of sample(300 ul) was
adjusted with H,Oto afinal volumeof 1 ml andincu-
bated at 38 °C for 3 h, then 1 ml of H,SO, 65% (v/v)
was added to the medium. Thereaction product was
determined using color reagent containing 4.5 mg/ml
dinitrophenyl hydrazineand CuSO4 (0.075mg/ml). The
datawere expressed as umol of ascorbic acid/mg pro-
tein.

Biochemical parametersin plasmaand urine

Albumineleve sweredeterminedin plasmaof adult
rats using kitsfrom Biomaghreb (ref 20094). Creati-
nineand urealevelsin plasmaand urinewere estimated
spectrophotometricaly usingcommercid diagnogtickits
respectively (ref 20091, 20151) purchased from
Biomaghreb (Ariana, Tunisia).

Histopathological studies

Kidneys, intended for histologica examination by
light microscopy, wereimmediatdy fixedinformain so-
lution (10%) and processed in aseries of graded etha-
nol solutions. Then they were embedded in paraffin,
serially sectioned at 5 pm and stained with hematoxy-
lin—eosin. Three slides were prepared from each group.

Bacterial rever semutation assay

A bacterial reverse mutation assay wascarried out
at Novo-zymes (Bagsvaerd, Denmark) in order to de-
terminethe ability of expressed xylanasesto induce
genemutationsinvitrd?. Four hitidine-requiringstrains
of Salmond latyphimurium (S typhimurium) and one
tryptophan-requiring strain of E. coli capable of de-
tecting bothinduced frame-shift (TA1537 and TA98)
and base pair substitution mutations (TA 1535, TA100
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and E. coli WP2 uvrA pKM101) wereappliedinthis
study. The genotypesof the bacteria test strainswere
conirmed as described by Maron and Ames an d
Green'24, The study was carried out with and with-
out themetabolic activation sysem SO (MPBiomedicas
LCC, Solon, Ohio) aliver preparationfrommalerats
pre-treated with aroclor 1254 and the co-factorsre-
quired for mixed function oxidase activity (SO mix).
Inapreliminary investigation it wasdemonstrated
that the expressed xylanases preparation contained
sufiicient amounts of histidine and tryptophan to
signiticantly support growth of the test strains using se-
lectiveagar media Inorder toavoid therisk of artefacts
dueto growth stimulation, a‘treat and plate’ assay was
applied™” asdescribed by Green'®. Thegrowth stimu-
lation of thetryptophan-requiring E. coli strainisonly
weak andinsigniticant. Therefore, this part of the study
was conducted by direct plateincorporation?4. The
test strainswere exposed to theenzymein liquid cul-
turefor 3 h and subsequently removed by centrifuga-
tion prior to plating on minimal glucose agar plates.
Twoindependent andidentica experimentswereper-
formed. All bacteria strainswereexposedto serid dilu-
tionsof expressed xylanases, solvent (steriledeionised
water), and appropriate postivecontrols(see TABLE9).
Thefind concentrationsof expressed xylanaseswere2.5,
1.25 and 0.156 mg expressed xylanases dry matter per
mL (S typhimurium) or per plate (E. coli). For each
‘treat and plate’ assay with Salmonella strains, incubation
mixtureswere prepared in aseriesof eriletubes. These
conssted of 4mL Oxoid nutrient broth No. 2, 1 mL bac-
teria culture, 1 mL test or control solutionand 4 mL of
ether 0.2 M phosphaebuffer (pH 7.4) or SOmix. These
mixtureswereincubated for aperiodof 3hat 37 °C. After
thisperiod, dl nutrientsoriginatingfromthetest substance
and brothwereremoved by centrifugation of thebecterid
suspens onstwicein phosphatebuffer andthenfindly re-
suspendedin2mL of thisbuffer. Thenumber of revertants
per platewasdetermined by triplicateplating at eech dose
on selective agar asdescribed by Maron and Ames? for
thedirect plateincorporation assay. Further, the number
of vigblebacteriain each culturewasdetermined by plate
count. Themean number of revertantsper plateat each
doseof thetest substance was cal culated and compared
withthegppropriaesolvent control.

Satistical analysis
Thedatawereanayzed usngthedatistical packege
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program Stat view 5 Softwarefor Windows (SASInti-
tute, Berkley, CA). Statistica analysiswas performed
usingone-way Andyssof Variance(ANOVA) followed
by Fisher’s Protected Least Significant Difference
(PLSD) test asapost hoc test for compari son between
groups. All valueswere expressed asmeanstS.D. Dif-
ferenceswereconsdered sgnificant if p<0.05.

RESULTS

Acutetoxicity test

Wedid not observeany signsof toxicity duringthe
acuteinvestigation. Normal tendency in body weight
was observed and none of thetissuesexamined showed
any sgnificant changes.

Effectsof xylanaseson ratsgeneral health

Death wasnot observed in any experimental group
during thetreatment period (45 days). During the ex-
periment, ratsin the control group and treated group
did not show any sign of toxicity.

Food intake

Intreatedrats, food intake and water consumption
werenot deviated when compared to controls(TABLE
3). Ingested xylanases quantitiesweresmilar inthedif-
ferent treated group. Thehigh standard deviationson
fluid consumption could be caused by the measuring
method used

Evaluation of body, absoluteand relativekidney
weights

Mean body weight gain (Figure 1) and relative
welghtsof somesoft organslikeliver, kidney, heart and
spleen of thefivegroupswerelistedinTABLE 4. There
wereno sgnificant differences(p < 0.05) inbody weight
gain and rel ativeweights of these organs between con-
trolsand treated groups.

Hematological parameters

Compared with the control group, red blood cells’
number (GR), hemoglobin concentration (Hb) and he-
matocrit (Ht) were unaffected in the treated groups.
Other erythrocyte parameters such as mean corpuscu-
lar volume (MCV), mean corpuscular haemoglobin
(MCH), mean corpuscular hemoglobin concentration
(MCHC), werea so unchanged intreated rats. White
blood cdls4till dso unchanged compared with those of
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Figurel: Development in body weight of the controlsand treated groupsin adult ratsduring 45 days.

TABLE 4: Rdativeorganesweight of kidney, liver, heart and
spleenin control and treated rats.

Relative or ganes weight

Groups (9/100 g body weight)
kidney liver heart spleen
Group | 0.45+0.04 4.94+1.08 0.40+0.03 0.34+0.06
Groupell 0.45+0.07 459+0.91 0.44+0.08 0.34+0.08
Groupelll 0.48+0.06 4.75+1.03 0.43+0.04 0.33+0.03
GroupelV 0.45+0.03 5.13+0.89 0.42+0.04 0.31+0.04
GroupeV 0.45+0.04 4.92 +1.00 0.43+0.07 0.35+0.08

Values are means+SD for seven rats in each group.

the control group, indicating the absence of activation
of defensemechanism (TABLEDS).

Creatinineand urealevelsin plasmaand urine

Our resultsshowed anormal rena function of the
treated group objectified by normal valuesof Cresti-
ninelevelsinthe plasmaand urinewhen compared to

controls. Urealevelsin plasmaand in urinewereun-
changed in treated rats when compared to those of
controls(TABLE6).

Estimation of lipid per oxidation

Our resultsreveal ed that plasmaMDA levels of
treated groups were unchanged when compared to
controls(Figure2).

Markersof protein oxidative damage

Figure 2 showed plasmalevel sof protein carbon-
yls(PCO), indice of protein oxidativedamage, in nor-
mal and experimental animals. Intreated groupsnosig-

nificant changesof plasmaPCO level swere observed
when compared to those of controls.

Plasma enzymaticand non-enzymatic antioxidants

Intreated rats, plasmasuperoxide dismutaseand
catal ase activitiesand GSH levelsdidn’t change when

TABLE5: Hematological parametersof in control and treated rats.

Hematological parameters Group | Group 11 Group 111 Group VI Group V
GB (10%ul) 11.64+1.37 11.37+£0.34 10.96 +£1.20 11.59+0.45 11.440.75
GR (10%ul) 8.15+1.63 7.58 +£0.80 9.54 +£0.94 8+0.90 8.25+0.77
Hb (g/dI) 14.2+2.71 13.37+£1.49 15.71+1.67 13.91+1.00 13+4.81
Ht (%) 43.44+9.21 41.13+4.73 49.01 +6.15 42.6+4.16 44.85 +4.04
MCV (mm*GR) 53.21 +1.66 54.24 +1.38 53.29+1.34 53.33+1.37 54.38 +1.48
MCH (pg/GR) 17.47 £0.55 17.63+£0.44 17.11+0.35 17.47 +£0.76 15.53+5.38
MCHC (g/dl) 32.86 +0.93 32.53+0.45 32.16 +0.88 32.74+0.95 28.57 +9.84

Les valeurs sont exprimées en moyenne =+ I’écart type ; n= 7 rats
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TABLE 6: Biochemical markersin plasma

Parameters & treatments Group | Group 11 Group 11 Group IV Group V
Urea® M asma 19.44+ 6.804 22.222+8.606 19.444+ 6.804 22.222+8.606  22.222+8.606
Urine 100+ 61.237 108. 333+58.452 100+ 50 83.333+28.867  87.500 +£25
Creatinine” Plasma 78.2+ 0.1222 56.4+0.310 79.1+ 0.323 64.6+0.198 74.1+0.107
Urine 67.272+ 14.590 72+33.150 40.727£ 4.741  44.727+5.763 80 +56.836
Albumine?” 34.28+ 1.63 34.05£1.73 33.80+ 0.76 33.68+1.28 34.23 +£0.66

Values are expressed as means + S.D for seven animals in each group; “ Urea: mmoles/l.; ¥ Creatinine: pmoles/l.; ¥ Albumine: g/l.
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Figure2: Plasmalevelsof both malondialdehydeprotein (M DA) and protein carbonyls(PCO) in controlsand treated r ats.

compared to those of controls (TABLE 7). Thehy-  convol uted tubules, when compared to controls.
drophilicantioxidant levels (vitamin C) inplasmaof  Bacterial rever semutation assay

treated rats were not modified when compared to The results of these experimentsare presented in
cortrols. TABLE 8. The sensitivity of theindividual bacterial
Histological studies strainsand themetabolising potentid of the SO mix was

Inthetrested rats kidney histological studiesshowed confirmed by ggnifi gmt inc'reases inthenumber of re-
no sbnormalities(Figure3) detected inglomeruli andin  Vertant coloniesby diagnostic mutagens. Based on the

TABLE 7: Enzymatic antioxidant activities(glutathione per oxidase and catalase) in the plasma of adult rat controlsor
treated during 41 days.

Parameters & treatments Group | Group |1 Group 1 Group IV Group V
Catalase * 53.33945579  50.722+ 9.083  51.034+9.545  53.247+4.255 53.025+7.411
Superoxide dismutase” 257.381+ 15199 259.979 + 7.136 261.642 + 48.473 253.588 + 24.120 254.443 + 25.566
Glutathione” 43.065+3.395  42.736+ 5.975  42.497+2.206 37.026+2.190 36.402+3.030
Vitamin C* 33.571+2.520  33.773+ 2271  34.255+2.166 34.227+1.906 37.426+3.240

Values are expressed as means = S.D for seven animals in each group; ¢ Catalase: pmoles H,O, consumed/min/mg of protein.;
P Super oxide dismutase: units/mg of protein; ¥ Glutathione: pg/mg of protein; £ vitamin C: pmoles of ascorbic acid/mg protein.
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viablecountsaswell asmicroscopic examination of the
bacterid backgroundlawns, notoxicity or inhibition of
growth was observed at any doseleve of thetest sub-
stance. Infact distinct growth stimul ation was observed
insevera of thetest series, however without affecting
the results of the study. No dose-related and repro-
ducible increases in revertants to prototrophy were
obtained with any of the bacterial strainsexposedto
the expressed xylanase either in the presence or ab-

sence of SOmix.
DISCUSSION

For Thefungus P.occitanis Pol 6, no knowledgein
theliteraturewasindicated of itstoxigenic effect. While,
theresultsfrom our study confirmed that the xylanase
enzyme preparation of thismicroorganism doesnot pro-
ducetoxicity neither invivo nor invitro.

Figure3: Histological kidney sectionsin controlsand treated ratsviatheir drinking water. Opticmicroscopy: (hematoxylin

and eosin 400X). Arrowsindicate:— Bowman’s space.
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TABLE 8: Bacterial rever sesmutation assay. M ean number of revertant coloniesper plate.

S. typhimurium E. cali
Treatment pg/ml
s9 TA 1537 TA 98 1T5§5 I(% ngp ,\z/lui’élA
1. Experiment
expressed xylanases
2500 _ 16 22 11 82 219
1500 _ 16 17 11 85 192
156 _ 13 19 8 95 188
Solvent _ 473
9-AA (2 mg) _ 891
2-NF (20 mg) _ 2801
MNNG (1 mg) _ 3332
MNNG (7.5 mg) _ 1066
expressed xylanases
2500 + 16 26 13 114 278
1500 + 14 25 12 101 256
156 + 10 21 11 95 276
Solvent + 162 2356 174 2121
2-AA (5mg) + 1242
2-AA (20 mg) +
2. Experiment
expressed xylanases
2500 _ 14 26 16 126 165
1500 _ 8 23 14 105 164
156 _ 12 17 13 93 154
Solvent _ 368
9-AA (2mg) _ 1017
2-NF (20 mg) _ 2014 2615
MNNG (1 mg) _
MNNG (7.5 mg) _ 1233
expressed xylanases
2500 + 11 26 9 81 375
1500 + 11 24 12 92 278
156 + 14 33 11 95 276
Solvent + 190 2063 144 2092
2-AA (5mg) + 897
2-AA (20 mg) +
E.coli WP2 uvr A pkM 101
; S9 Revertants viable
Repeated experiment Treatment pg/mL count
With Without
tryptophan tryptophan
expressed xylanases
2500 + 284 157 678
1500 + 273 124 564
156 + 266 127 270
Solvent + 212 88 304
2-AA (20 mg) + 1534
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According tol®, P. pastoris has been safely used
for the production of over 300 recombinant proteins
sincethemid-1980s and fulfillsthecriteriaof severa
safety eval uations. M any human genes have been ex-
pressed in P. pastorisfor pharmaceutica use. In addi-
tion, P. Pastorisitself isapproved by FDA asasource
of animd feed proteinfor usein broiler feed up to 10%
of the total feed®. Toxicity studies and oxidative
stress''®l undertaken as a support of P. pastoris-ap-
proved animd feed (including apathogenicity study in
mice, an acute or asubacute ord toxicity study inrats)
a so demondtrated that P. pastorisisneither pathogenic
nor toxigenic

Ingenerd, oxidativestressisaconstant threat to all
living organismsand endogenous antioxidant defense
system isemployed by the body to its elimination or
attenuation®.

Erythrocytesarevery senstiveto oxidativeinjuryt.
Extensivelipid peroxidation causeschangesinfluidity
and anincresseinthe permesbility todifferentionslead-
ingto hemolysis. To defend themsel ves against oxida
tive stress, erythrocytes are equipped with an effective
and complexeantioxidant system, including protective
enzymesand biologica antioxidantssuchasSOD, CAT,
GPx, GSH and vitamins C and E. In our current study,
wea med to recognizeif administration of xylanasesto
adult rats caused toxicity.

Infact, theexposure of adult ratsto xylanasesdur-
ing 45 daysdid not affect their hematol ogical param-
eters. Red blood cellsnumber, hematocrit valuesand
hemoglobin concentration revealed no significant
changesin treated groups when compared to those of
controls. Other hematol ogical parameters, mean cor-
puscular volume, mean corpuscular hemoglobin and
mean corpuscul ar hemoglobin concentration, remained
aso unchanged in adult treeted rats. Wed so found that
xylanasesdidn’t affect the immune function of the treated
groups. Indeed, white blood cells number remained
unchanged in treated rats, indicating that xylanases
didn’t activate the immune defense system.

Itiswell known that vitamin C (ascorbic acid) is
among themostimportant antioxidantswhichinfluences
theimmune system. Vitamin Cisapotent antioxidant
that offersprotection against oxidative damageto vari-
oustissues. Inthecurrent sudy, plasmavitaminsClevel
remained unchanged after treatment with xylanases.
Theseresultsspokeinfavor of immunedysfunctionin

treated rats.

In addition to hematological parameters, some
plasmabiochemical parameterswere assayed. Differ-
ent mechanisms have been postul ated to explain toxic-
ity of severa xenobiotics, suchaslipid peroxidation and
i nteraction with membrane components. Infact, lipid
peroxidation (LPO) represents one of themost frequent
reactionsresulting from freeradicas’ attack on biologi-
cd structures. In our study, the plasmama ondid dehyde
leve, indicator of lipid peroxidation, remai ned unaffected
inxylanasestreated rats. Thelattersdidn’t induce LPO
or physiological and biochemical changesof biologica
systems as demonstrated by our results. So, the ab-
senceof LPOinthe plasmasuggested thesafety use of
xylanasesbecausethey didn’t produce free-radicals and
oxidativeinjury to protein, the mediating factor of the
toxicity. Inview of our results, we suggest that expo-
suretoxylanasesdid not causetoxicity. Thus, xylanases
might be safety used in food processing.

Plasmaantioxidantsarethe agentsinvolvedinthe
defence agai nst reactive oxygen speciesthat are used
up most rapidly. Antioxidant enzymes such assuperox-
ide dismutaseand catal ase, congtitute mutually asup-
portiveteam of defence agai nst reactive oxygen spe-
cies. Our resultsshowed that the activities of theseen-
zymeswerenot affected in treated ratswhen compared
tothoseof controls. Likewise, glutathione, acrucid com-
ponent of theanti oxidant defence mechanism, functions
asadirect reactivefree-radica scavenger. Glutathione
levelswere a so unchanged in treated groups, indi cat-
ing the safety use of xylanasesinfoodindustries. Itis
well known that thekidney isthecritical target organ
for xenobiotic compoundswhich produce avariety of
rend toxic effectsinvolving tubular cellsand glomeru-
lug®!,

Twenty four hoursurinevolumesareusualy stud-
ied asindicesof thefunctiona integrity of renal proxi-
mal tubules, whileproper glomerular functionisassessed
by examining the plasmaand urinary cregtinineand urea
levels.

Cregtinemiaisamore potent indicator than ureain
thefirst phasesof kidney function. Inthe current work,
the unchanged plasmaurea and creatinine levels of
treated groupsreflected anorma rend function. To sub-
gantiatethe biochemicd findings, ahistologica exami-
nation of thekidney wasundertaken. Infact, histologi-
cal pictures seen in the kidneys of treated rats were
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characterized by anormal histoarchitecture.

Another biomarker of toxicity wasalso studied. In
fact, albumin synthetised by theliver isexcretedinthe
plasma, was not changed indicating no inflammatory
reactions. Thus confirmed the unchanged whiteblood
cellsnumber. We concluded that xylanasesfrom both
grainsdidn’t affect the immune function.

Based onthe bacterial reverse mutation assay data
itisconcluded that the expressed xylanasein P. pastoris
do not present mutageni c or clastogenic potentia when
tested inrel evant genotoxicol ogica assays.

The adverse effectsfrom toxicology studiescould
be used inthe cal culation of safety marginsbased on
theenzyme’s applications, the use levels of the enzyme
inthegpplication and human consumption data. A theo-
retical calculation of human exposureto thexylanase
through consumption of bread can bemade onthefol-
lowing assumptions: the consumption of bakery prod-
uctsisestimated to be 200 g/person/day!*528 USDA,
ARS, 1997;). Theflour content in bakery productsis
estimated to be 66% and for abody weight of 70 kg
theintakeof flour from bakery productsisthen: 2gflour/
kg body weight/day. The maximum dose of xylanaseto
be expected in bakery productsis4000 TXU/kg flour.
Therefore, the maximum estimated daily intake (EDI)
of xylanasethrough bakery productsis400 TXU/kg
body weight/day. The maximum dose used in 45 days
of experimental study inratswas 12000 TXU/kg body
weight/day giving ano observed- effect level (NOEL)
of 12000 TXU/kg/day. Thus the safety margin is:
NOEL/EDI=30.

Studies of thesexylanase products have shown an
important safety margin of 30 based onaredatively high
expected dose of thexylanasein food, this safety mar-
ginislower than that calculated for thexylanasefrom
Bacillus subtilig®. The safety of these xylanasesis
further supported by the active approva of both Pichia
pastorisasaproduction organism and of xylanasefor
theuseinfood and feed.

CONCLUSION

Thispaper constitutesthefirst report which dem-
onstratesthe safety use of xylanasesfrom P. occitanis
Pol6 and the expressed onesin P. pastoris. Infact, all
the data presented in thiswork establish that the stud-
ied xylanasespossessno discerniblerisk to human hedth

—=> Regulor Paper

and could beappliedinthefood industry. Other sudies
will be needed to demonstrate thelast word on safety.
Inthisway, further biochemical and molecular studies
would beoneof logica next stepsin order to check the
nontoxicity of xylanases.
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