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ABSTRACT

Candida biofilms are difficult to be penetrated dgug molecules and resistant to almost all typesmifungal
(multi drug resistance), included fluconazole. Baecessfull of Candida treatment is determinedrhgieation of
extracellular matrix of Candida biofilms, especjalivhich attach in the gastrointestinal tract of igats. In the
previous studies it was successfully eradicatedd@inbiofilms in vitro using novel biomaterials thare in the
process of patent, those are the combination ofdigde enzyme and ligand Bgl2 used to hydrolyze=iteacell
matrix and to prevent the matrix regeneration redpely. The effects were proved by increasingluafohazole
activity as much as 61.14%. The purpose of thisareh were determining the effectiveness andsy@&Digand
Bgl2 as the antibiofilm candidate toward Candidafidim extracellular matrix in mice as the animal deds.
Research methods includedthe formation of Candlb&ansbiofilms on the mucous membran of gastretirial
tract of mice, followed byhealing it using mix &ifilm: hydrolase enzymesand ligand Bgl2, to elevtae action
of fluconazole. The concentration of Bgl2 ligandraveariedand procent inhibition of biofilm formatiowas
determinated for each dose.The reduction of théiliticas responds to the treatments were analyzetktermine
the ED,.The biofilm were analyzed by determinating of Gdadviability (CFU) in faecal and intestinal tissue
samples for several weeks of biofilm induction, 8&dM analysis of the biofilm sample. The elevdtesks of Bgl2
ligand 0, 5, 10, 15, 17,5 and 20 mg/kg body weggtwe the percent inhibition of biofilm formation31, 54, 93,
100 and 69 % respectively, from which was calcaldbe ERof Bgl2 ligand for C. albicans eradication was 8,57
mg /kg body weight. Hydrolase enzymes and ligar@ 8ffectively enhanced the fluconazole activityveo weeks
treatment. ED50 Bgl2 ligand value of 8,57 mg / ligdy weight is smaller thanthose LD50 reported Ividh/ kg
body weight. This means that biofilm eradicationngscombination of antibiofilm found in this resehrto
eradicate C.albicans biofilm does not cause sideces. The @nclusions were(1) EDso of Bgl2 ligand was 8,57
mg/ kg body weight on using in combiantion withrbiase enzymes and fluconazol (mix antibiofilm)H{2¥rolase
enzymes and ligand Bgl2 effectively increasedltloemazole activity.
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Abbreviations

Bgl2 = Beta glucanase 2

ED50 = Effective dose fivety

LD50 = Lethal dose fivety

SEM = Scanning electron microscopy
CFU = Colony forming unit

Kg = Kilogramme

mg = Milligramme

C. albicans = Candida albicans

SAPs = Secreted aspartyl proteinases
Glu = Glucose

kDa = kilo Dalton

DNA = Deoxyribo nucleic acid

PBS = Phosphate buffer saline
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INTRODUCTION

Overgrowth ofCandidaspp. and the biofilm formation in the human integttract are a crucial but negligible chain
increasing incidence of many diseases today, ealpedegenerative diseases. At least nine lipaseyimes can be
produced byC. albicans hydrolyzing ester bonds ofmono-, di-, and triggyterols [1].Hydrolytic enzymes named
SAPs also secreted I3 albicans Al least ten different geneSAP1-SAP1@vere reported encoded SAP isozymes
[2]. These aspartyl proteinases hydrolyze hostemstincluding collagen, laminin, fibronectin, mogcisalivary
lactoferrin, a2-macroglobulin, almost all immunoglobulins, the oipflammatory cytokine interleukinfl
lactoperoxidase, cathepsin D, complement, cystaiinend precursors of several blood coagulatiotofac[2, 3].
The optimal pH of SAPs activity range from 2.0 t6,7therefore these enzymes contribute to fungtdqugenesis
and dissimine infections at different sites in ti@man organism [3]C. albicansalso produce other secretyl
proteases: a 60-kDa metallopeptidase and a 50-&bespeptidase. The serine peptidase is actiaehiroad range
of pH (5.0-7.2) and hydrolyzes many host proteimetuding extracellular matrix proteins and serunotpins
[4].Candida spp.also produce a variety of toxic metabolitesne of which interfere with the immune system.
Therefore, when the infection is not immediatelyecly will lower the human immunity in the site afllonization
and causes complications and degenerative diseases.

High amount of primary and secondary metabolitexlpced byCandidaspp. are harmful to the body, which is
currently happening in th€andidaovergrowth and biofilm related diseases. The tométabolites oCandidaspp.
includes ethanol, formaldehyde, acetaldehyde, b#aital, and organic acid such as tartaric acidn8&andida
spp. metabolites are denaturants, causing denaturaf host protein molecules. There is also a buwite of
Candidaspp. that cause DNA mutations, resulting misfatdi conformational changes in the protein molecule.
Proteins are part of the molecular machinery ofscehich is very important compilers. While protam very
sensitive to the denaturant compounds. Structuraioaoformational abnormalities due to the presewfcprotein
denaturants compounds resulting protein dissfancthamed conformational diseases or degeneraibeases.
Candidiasis and dysbiosisprevalently found in aeiddwith Autistic Spectrum Disorders[5].Around tkst year
was understood that a large number of diseasesverthdifferent pathology, at the cellular levehdae studied in
the frame of protein missfolding, which include WA&mer's disease, Parkinson's, prion, type 2 disbet
amyloidosis, cystic fibrosis, sickle cell anemiataracts, and others [6, 7].

The formation ofCandida albicandiofilm has been demonstrated in the previmusitro study [8].We also have
notified the formation of pathogeni€andida albicansiofilm in vivo on mucous membran &attus novergicus
intestinal tract [9]. Then silico study found an confentional antibiotic “X” as thest ligand for Bgl2 enzyme,
which was acting as inhibitor. This research ol#dithat “X” showed similarity structure wifhD-glucose, with
the binding affinity -7.71 kcal/mol and the inhibit constant 2.23M. It was identified that “X” interacted with
Glul92 and Glu292 which are catalytic residues gf2Benzyme. It was proved that the antifungal dtstiof
fluconazole increased highly with existence of kyelrolytic enzyme extract and “X”. Further more thiefilm
formation highly decreased by 91.43% at 3 hourmatfibation and by 91.35% after 6 hours. SEM analg$ithe
treated biofilm showed that the extracell matrixnpdetely run out and debris cell appeared as disuhyphae. In
the present article we report the &Of the Bgl2 ligand.

MATERIALSAND METHODS

Materials used in this experiment were hydrolytizyames extract & Bgl2 ligand from the previous esé [9],

Candida albicansand Rattus novergicustrain Wistar. Bgl2 ligand was an antibiotic, aftdconazole were
purchase from pharma&andida albicansstrain was obtained from the culture collectiontloé microbiology
research division, Airlangga University, Indonediaie preparation of plancton@andida albicansvere described
in the previous article [8Rattus novergicusised as testing animal. Total testing animals \8€redevided into 2
groups each consist of 15 mice. They were randadaMgn to be the control and the treatment grouplspfation
period for each group was 2 weeks. After the adimptgoeriod is completed the animals test ent¢éhedreatment
period for induction of intestinal biofilm.

Preparation of Candida albicansinocullum

The stock culture o€andida albicansavas growth on sabouraud dextrose agar (SDA) at rmmmperature. The
single colony was inoculated on YPD broth by shgkim rotary shaker 160 rpm overnight. The cellgieltas

removed by centrifugation at 10,000 rpm, 4 °C, liutes. The pellet was washed twice using stefilesphate
saline buffer (PBS) 0.1 M, and was suspended in.PBS
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Induction of intestinal Candida albicans biofilm of Rattus novergicus strain Wistar

Intestinal biofilm formation were done accordingh@previous research [9]. Experimental animals wibvaled
into 2 groups, control and treatment groups. Thatrob group to be sacrificed in order to observe
macroscopicallZandida albicandiofilm on the mucous membrane of the small imbesand cecum after induction
treatments. Treatment groups was not sacrificegl #ifiecontrol group showed biofilms on the intestimucous,
but followed by treatment with mixture of enzymetraxt, Bgl2 ligand and fluconazolefor biofilm erealiion
experiment. Each animal group received the samstntent as follows. Animal were fed 2 ml @fandida
albicangnocullum with OD 0,5, after took the antibiotiastriacycline, streptomycin, and gentamycin. All aalisn
were took antibiotics for 4 days prior to inocuteti In addition to antibiotics, cortisone acetataswnjected
subcutaneously the day before.

I dentification of biofilm

Identification of intestinal biofilm was done byvesal ways, the first were macroscopic observatiohsucous
membran of the small intestine and cecum aftettsmiit by magnifying lens. Second, biofilm idefigation by

using SEM. Third, determination &f. albicanscells number in the biofilm by using Total Plateudt method, then
calculated the cell free unit (CFU).

Candida albicanscell in faecal samples, small intestine and ceeugne determined by the method Total Plate
Count. Faecal sampling was carried out for a marinadi 10 minutes. Dilution series of samples, eadissquent
suspension grown on YPD agar medium containing §0ampicillin / ml and 100 mg streptomycin / ml, wer
grown for 24 hours at room temperature.

Deter mination of ED50 Bgl2 ligand for intestinal biofilm eradication

Rattus novergicufarbouring intestinalbiofilm were treated with didiilm consist of hydrolitic enzyme extract,
Bgl2 ligand(compound “X") and fluconazole. Theblosdrum were collected from the test animals pecaibji
after and during treatment with antibiofilm untikt biofilm vanished.

RESULTSAND DISCUSSION

After Candida albicandiofilm has been observed by using SEM on mucoembnanes of rats Gl, the animals then
treated to eradicate the biofilm for 2 weeks. Thidence of lossing biofilm was observed by meagutite viability

of Candida albicansn the faecal samples and intestinal tissue infiise and second weeks. Inhibition of biofilm
formation by mix biofilm with variation of BgI2 lignd concentration in Table 1.

Table 1. Percentages of biofilm inhibition by mix antibiofilm with variation of ligand Bgl2 doses

Candida viabilities (CFU / The average of Candida viabilities
No | Ligand Bgl2 (tr1ng/kg body mL ) (CFU/mL) % Inhifbition of biofilm
weight ormation
oht) tﬁgg;)?/ thAecf't:;r)y Befor e therapy After therapy

183.05 183.05

1 0 172.00 172.00 183 183 0
193.10 193.10
183.05 126.76

2 5 172.00 123.81 183 127 31
193.10 129.71
183.05 67.74

3 10 172.00 101.61 183 85 54
193.10 No data
183.05 18.99

4 15 172.00 9.37 183 14 93
193.10 13.43
183.05 0

5 17,5 172.00 0 183 0 100
193.10 0
183.05 40.00

6 20 172.00 78.95 183 57.98 69
193.10 55.00
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Figure 1. SEM profile ofintestinal Candida albicansbiofilm without antibiofilm therapy. The thickest matrix extracell of Candida albicans
biofilmswerecircled in red in the each field of view (magnification: 10.000 x)

Figure 2. SEM profile of intestinal membran of Rattus novergicus after antibiofilm therapy. Biofilm or planctonic C. albicanswere
eradicated (magnification: 10.000 x)

According to Table 1, the procent inhibition of filim increasedwith increasing theBgl2 ligand dosEle total
inhibition occurred at 17.5 mg / kg body weight.2&t mg / kg body weight the procent inhibition dessed. It was

likely due to the decrease in enzyme activity. Tthesdata procent biofilminhibitionat 20 mg / kgdyoweight was
not used for the calculation of ED50.
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Statistical analysis of the data on Table 1 usiR§&S program obtained ED50 value of 8.57 mg / kgylweeight.
The inhibitioncurve profile in Figure 3.
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Figure 3. Theinhibition profile of intestinal Candida albicans biofilm toward mix antibiofilm with Bgl2 ligand
doses variation

Bgl2 (beta glucan2) enzyme is one of the cell walhstituent ofCandida albicansThis is a polymerase enzyme
that synthesi$-1,3 andp-1,6 glucan from its substrate glucose.The gluamesthe major component of matrix
biofilm that protect the pathogenandidafrom antifungals and body immune system. Bgl2 lydK"is small
molecule that compete with the substrate glucosectuipy the active side of Bgl2. This leads toiti@bition of
the glucans formation by Bgl2 enzyme [8]. The noaetivity of “X” is our finding in the previous rearch.
Nevertheless, compound X is conventional mediciitd anti-bacterial properties. Mechanism of theitzadterial
activity was through the inhibition of protein byoghesis. On the orally use showed LD50 (mouseD18g / kg
body weight.

Fluconazole alone can not eliminate hiddeandidacells coverred by matrix extracell in the biofilmorfn [8]. The
use of enzymes without Bgl2 ligand also less efffector improving the performance of fluconazolechuse the
ability of Candidato regenerate the extracellular matrix. Combinatidnhydrolytic enzymes omitting matrix
extracell and Bgl2 ligand wich suppress the exthalee matrix regeneration, have been proved effety
improving the performance of confentional antifunge fluconazole.

CONCLUSION

The ED50 of Bgl2 ligand was 8.57 mg / kg body veign used in combination with mix antibiofilm. Bhvalue
was much smaller than LD50 prefiously reported (L58g / kg body weight). This indicates that biofilm
eradication with our finding mix antibiofilm aremected to work effectively without causing serigide effects.
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