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ABSTRACT

This study was carried out to screen for potendiatimicrobial producing microbes from soil samplasdlected
from Nanga Merit forest. After primary and secondacreening, one bacterial isolate (B17) and foundal
isolates (F10, F11, F14 and F26) produced antimitab activity against Staphylococcus aureus, Salefiartyphi,
Escherichia coli and Enterobacter aerogenes. Theinmal inhibition concentration (MIC) of the methdrextract
from isolate B17 against the four tested bacterés wetermined by disk-diffusion and agar well diffa methods.
The MIC values when tested against S. aureus,p8i, tgnd E. coli were 25ug/ul whereas the MIC values
12.5pug/ul when tested against E. aerogenes. Iragjae well diffusion method, the respective MICueasl were <
1.5625ug/ul for S. aureus, 12.5 pg/ul for both $heyphi and E. coli, and 9.375 pg/ul for E. aemes Besides,
extracts from F26 cultivated on PDA, CDA, and Vi8guagar showed weak activity against E. aerogemeswas
not tested further for its MIC values. The extrirom B17 also exhibit antifungal activity when &gbagainst test
fungus (Fusariunsp). Fungal isolates (F10, F11, F14 and F26) cultegton PDA exhibited great antifungal
activities.
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INTRODUCTION

Antimicrobial agents play the most important raiethie treatment of bacterial infections [1] and evapread efforts
have been carried out by many scientists in ordescteen for novel antibiotic producing microbef [Ehrough
their efforts, many antibiotics have been discoteseccessfully to combat pathogenic bacteria thase diseases.
Nevertheless, the emergence of new diseases antengence of multiple-antibiotic resistance pathegémat
render the effectiveness of existence clinicallgdugntibiotics have spurred the needs for the desgoof new
antibiotics [3].

Antibiotics can be classified according to their daoof actions. Antibiotics are classified as brepdetrum
antibiotics when they have the ability to affecvade range of gram-positive and gram-negative ectwhile
antibiotics that only effective towards certain \gpoof bacteria are known as narrow-spectrum arnidsioSeveral
mechanisms of actions of antibiotics have beernogis@d by scientists. These actions include thibiitidn of cell
wall, protein and nucleic acids synthesis [4, 5, 6]

There are so many different potential sources whatibiotics can be discovered, such as medicieddh[7, 8, 9]
and soil. However, soil, which is a naturally ocouy loose mixture of mineral and organic partic[@8], still
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remains the most important target for most reseascin their efforts to discover novel antibiotiehich have
pharmaceutical values. This is because many misrelspecially bacteria that reside in soil have gh#ity to
produce biologically active secondary metabolitashsas useful antibiotics. In their natural hakitétacteria utilize
the antibiotics they produce as protective subsmihy rendering the invasion of other bacteriatsgse Protection
is not the only function of antibiotics. Hence, aing to Linareset al [11], antibiotics also act as signaling
molecules that bacteria use as a means of comntiamidzetween cells.

The number of multi-drug resistance pathogenic oties has increased over time and there are oniyetdm
therapeutic drugs that are applicable to combaethmthogens [3, 12]. Therefore, there is a needdntinuous
discoveries of new antibiotics in order to maketngents under antibiotics remain effective [3, T3jis study is an
attempt to discover novel antimicrobial agents fiswil samples from remote area in Sarawak, MalayBianeo.

MATERIALS AND METHODS

Soil Sampling, Preparation and Plating

Soil samples were collected from Nanga Merit fo(&ite 2). Approximately 1g of the soil samples wiasolved in
9ml of sterile Phosphate Buffer Saline (PBS) buff#d 7.0) to make soil suspension. The superndtant the soil
solution was pipette and spread over Nutrient A4Ex) (Merck, USA) and Potato Dextrose Agar (PDA)X(I,

England) plates. The plates were left at room teatpee for 5 days for the bacteria and fungus tongrAfter 5

days, the number of bacterial fungal colonies wasutated and recorded. The plates were keptGiffer 2 days to
delay the growth of soil microorganisms.

Test Bacteria

The test bacteria used in this study were obtafn@eh the stock culture at Department of Moleculaol&gy,
UNIMAS. The test bacteria includ&taphylococcus aureusscherichia coli Enterobacter aerogengsand
Salmonella typhi

Preliminary Selection and Isolation of Soil Microolganisms

The soil microorganisms grown on NA and PDA platese overlaid by a layer of soft NA (0.75%) thahtaoned
test bacteria. Empty plates of NA and PDA overlaith the test bacteria were used as controls mghidy. All the
plates were kept at room temperature and the fasmaf inhibition zone was observed for every 24 &8 hours.
The soil microorganisms that inhibited the growthest bacteria by producing inhibition zone weetested and
isolated in order to obtain pure strain of thattipatar microorganism. The pure strains of micr@mgms were
stored as stock culture in slant NA 8€4or further usage.

Secondary Screening for Bacterial Isolates via Spdhoculation Method

NA plate was spot inoculated with pure bacterialdtes and incubated atZ6for 4 days. After that, 2ml of soft
NA (0.75%) inoculated with test bacteria were oaieflonto the NA plate containing the pure bacteigalates.
Empty plates of NA overlaid with soft NA containirtige test bacteria were used as controls. All théeep were
incubated at 2& and zone of inhibition was observed after 24 &adiincubation period.

Secondary Screening for Fungal Isolates via Agar @rlay Technique

Pure fungal isolates obtained from the preliminsglection were cultivated on two types of mediaafgek Dox
Agar (CDA) (Merck, USA) and V8 Juice Agar [14]. Aftincubated at room temperature for 4 days, thasgal
isolates which grown on both media were subjectedeicondary screening via agar overlay techniqo&. NpA
(0.75%) seeded with test bacteria were overlaid timt CDA and V8 Juice Agar plates containing theedungal
isolates. Empty CDA and V8 Juice Agar plates overlaith inoculated soft agar were used as contralsthe
plates were incubated at room temperature and abiné@ibition was observed after 24 hours of indidraperiod.

Extraction of Secondary Metabolites from Pure Isolées

Bacterial and fungal isolates that have shown gasdibacterial activities during the secondary soheg were
selected and cultivated on different culture métiA, PDA, CDA and V8 Juice Agar). Each of the agkates that
contained the selected bacterial and fungal isehates dried in a fume hood and then grinded befoneersed with
methanol solvent. After 4 days of immersion, thévesat was filtered and then concentrated by usioiary
evaporator at 4€. The collected crude methanol extracts were &eglC for further usage.

Antibiotics Susceptibility Testing with Methanol Crude Extracts
Two trials were carried out during the antibiotmigsceptibility testing with the extracted secondagtabolites
from selected bacterial and fungal isolates.
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Twenty extracts were subjected to first trial ie #ntibiotics susceptibility testing. Exactly 1migtiee dried crude
extract was weighed and dissolved in 100ul of 100&thanol and 900pl of sterile PBS (pH 7.0). Theasttwas

then diluted to the concentration of 0.5mg/ml, @g%ml, 0.125mg/ml, and 0.0625mg/ml, respectivelyeT
antibiotics susceptibility testing was carried based on the disk-diffusion method described byBziml [15].

In second trial, stock solution for all the methiaomde extracts from selected fungal and bactési@aates was
prepared based on the amount of extracts availabdeder to give the highest concentration. Evexiract was
weighted and dissolved in 100 ul of 100% methamal 800ul of sterile PBS (pH 7.0). Antibacterialttess
carried out via agar well diffusion method desalily Bennetet al. [16] with slightly modification.

Determination of Minimum Inhibitory Concentration ( MIC) value

Extract showing the ability to inhibit the growtli test bacteria during the antibiotics susceptiitesting was
selected for the determination of MIC value. Detieation of MIC value was carried based on two mdthavhich
were the disk-diffusion method and agar well diifussmethod. From the stock solution, the extracs vitather
diluted to the concentration of 50mg/ml, 25mg/nd,5mg/ml, 6.25mg/ml, 3.125mg/ml, and 1.5625mg/ndl[E 3).

Antifungal Test by Using Crude Extract from Selectel Bacterial Isolates

Test fungus Rusarium sp. was cultured at four corners on PDA. After indidra at 26C for 5 days, 50ul of
100mg/ml extract was pipette into the well on teater of the plate. The plate was incubated & 26r 5 days and
the formation of inhibition zone was observed.

Antifungal Testing by Using Selected Pure Fungal tdates

Selected pure fungal isolates were cultivated at fmrners on PDA at 26 for 2 days. After that, test fungus
(Fusarium sp. was cultured on the center of the PDA surrounlethe other four pure fungal isolates. The plates
were incubated at 26 for 1 week. The growth behavior for both the falngolates and test fungus were observed.

Characterization of Pure Antibiotics Producing Backtrial Isolates

Gram-staining was carried out for pure bacterialates selected for characterization. Next, fivechemical tests,
which including the oxidase test, Simmons citrat#,tMethyl Red (MR), Voges-Proskauer (VP), andiGailindole
Motility (SIM) test were performed for the ident#ition of pure bacterial isolate. The growth chemastics on NA

for the pure bacterial isolates which including fbems, colours, margins elevations of the bactexonies, and
also the cell shapes and arrangements under ligimpeund microscope were observed and recorded. The
identification of the bacterial isolates was basedergey's Manual of Determinative Bacteriology]1

Characterization of Pure Antibiotics Producing Fungal Isolates

Characterization of pure fungal isolates was cdroet based on macroscopic and microscopic exaioirgatPure
fungal isolates showing great antibacterial agésiduring secondary screening were cultivatedifiardnt media
(PDA, V8 Juice Agar and CDA). The different growttorphologies which include the top colour, reveremur,
perimeter, mycelium mat, mycelium end, and mediuatowr changes were observed and recorded. The
identification of these fungal isolates was basedtlte Bergey's Manual of Determinative BacteriolggyT];
Bergey's Manual of Systematic Bacteriology [18]ustrated Genera of Imperfect Fungi [16]; and Idtrction to
Food-Borne Fungi [19].

RESULTS AND DISCUSSION

Soil samples from remote area (Nanga Merit Fosits,2) were chosen as samples for analysis irstbidy based
on the likelihood of the presence of native micgamisms that have not previously been studied Inerot
researchers. These native soil microorganisms hiaver probability to produce novel antimicrobiabstances. In
this study, a total of 30 bacterial and 38 fungadlates from different depths were successfulljyaied via

preliminary screening and selection. Among thestaiss, only 23 bacterial isolates and 26 fungalaies were
selected to undergo secondary screening. The ieduict the isolates number was because some oisthates

were appeared to be the same species based ophigsical appearances and growth morphologies.

From this study, it was noticed that the numbemafrobes that could be obtained were decreasinytivé depth of
the soil. This indicated that the depth of the swil its organics constituents did influence thpupation and
distribution of soil microbes [20, 21]. According Sewell [22], bacteria can be found most abungantthe first
three inches from the soil surface with the numieareasing and only few amount of bacteria presedeEn the
depth reached six feet. Besides, the results adtairom this study has shown to be similar with theearch
conducted by Tangjangt al [23] where they found out that there was greatapunts of bacterial and fungal
populations in the top soil (0-10 cm) if comparedtiat of other depths. This might be due to tlghéi organics
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contents found in the top soil [23] where humuahsindantly presence, especially for the forestrftbat is often
covered by wilted leaves that tend to decompose.

Table 1: Antibacterial activities shown by differert pure bacterial isolates

Codes Test Bacteria
ST| SA| EC| EA
B1 - - - -
B2 - + - -
B3 - + - -
B4 - - - -
B5 - + - -
B6 - - - -
B7 - - - -
B3 - - - -
B9 - - - -
B10 - - - -
B11 - -
B12 - +
B13 - + - -
B14 - +
B15 - - - -
B16 - - - -
B17 ++ | | |
B18 - - - -
B19 - - - -
B20 - - - -
B21 - - - -
B22 - - - -
B23 - - - -
“Test bacterial specieST: Salmonella typhi; SA: Staphylococcus aureus; Es€herichia coli; EA: Enterobacter aerogenf&one of inhibition:
+++ Very strong activity; ++ Strong activity; +: Wak activity; -: No activity.

Table 2: Antibacterial activities shown by fungal solates cultivated on V8 Juice Agar and CDA, respéeely

V8 Juice Agar CDA
Codes Test Bacteria Test Bacteria
ST | SA| EC| EA| ST| SA| EC| EA

F1 - - - + + - + +
F2 - - - + - - + +
F3 - - - + - + - +
F4 - - - + + + + +
F5 - - - + - - - +
F6 - - - - - - - -
F7 - - - - - - - -
F8 - - - - - - - -
F9 - - - - - - - -
F10 | +++ | +++| +++| ++ + + + +
F11 - +++ | | |+ + ++ +
F12 + - - - + - ++ -
F13 - - - - - - - -
F14 - +++ | | - + + +
F15 - - - - - - - -
F16 - - - - - - - -
F17 - ++ - ++ - ++ + ++
F18 - - - + - - + +
F19 - - - + + + + ++
F20 - - + + - - + +
F21 - + - + - + - +
F22 - ++ - ++ - + - +
F23 - - - - - - - -
F24 - + - + - - - +
F25 - - - - - - + -
F26 + ++ | | |+t + ++H

Test bacterial specieST, Salmonella typhi; SA, Staphylococcus aureus;ES€herichia coli; EA, Enterobacter aerogerfi&ane of inhibition:
+++ Very strong activity; ++ Strong activity; +: Wak activity; -: No activity.

Table 1 shows the bacteria codes and their aeivitigainst test bacteria used in this study. Antbeg?3 pure
bacterial isolates that were subjected to seconsizigening, only one bacterium isolate (B17) showesg strong
activities against the 4 species of test bactesedun this study (Table 1) and thus B17 was setefir further
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antibiotics screening test. On the other handetmasre 4 fungal isolates (F10, F11, F14 and F2Bivated on V8
Juice Agar and 1 fungal isolate (F26) cultivatedaipA exhibited very strong activities against ade3 species of
test bacteria used in this study (Table 2). Hetiezse 5 fungal isolates were subjected to furthémécrobial test.
Besides, some synergistic effects could also be wbere clear zone existed between some fungaltestultured
on CDA when tested against some of test bacteriahathey ordinarily cannot inhibit that particul@st bacterium
by their own. The isolates showing synergistic @fewere the combination of F3, F17, F20 and F2& active
againstS. aureusE. coli and E. aerogenescombination of F2, F5 and F18 was active agaihstoli and E.
aerogenesand combination of F5 and F18 was active ag&nsiureus

In antibiotics susceptibility testing with metharmlude extracts, only the extract from B17 andfiitst dilution
exhibited the ability to inhibit the growth of thk species of test bacteria used in this study. Tésslt was in
parallel with the result obtained during secondacyeening, where the isolate exhibited strong laatierial
activities. Extract from this isolate was activeamgt S. aureus(gram-positive bacterium). Besides, this isolates
exhibit similar result when tested against EhecoliandS. typhiwhereby the size of inhibition zone was the sadme.
compared to the activity on different species aft teacteria, isolate B17 possessed greater abiliiphibit the
growth of gram-positive bacteria rather than graegative bacteria.

In this study, extracts from other fungal isolatesre shown to give negative results when testethsigdifferent
species of test bacteria except for isolate F2&wkias extracted from three different agar (PDAACENd V8
Juice agar). These extracts could only inhibit stnain of test bacterid&. aerogenesDilutions for the extracts of
F26 obtained from PDA and CDA showed that the lptessessed the ability to retard the growtlEoherogenes
while the former could not. The result also revddtet extracts from V8 Juice agar possessed graetigity when
tested againgE. aerogenedf compared to that of CDA. This might suggestt ttiéferent culture medium can affect
the ability of fungal isolate to produce activelbgical substances which have antimicrobial agtivit

Table 3: Antibacterial activity of various concentration of methanol extract of B17

Concentration of extract 160 50 | 25] 125] 6.2§ 3.126 15635 P} -°
“Test bacteria Zone of inhibition (mm) MIC value (mg/mi)

SA 16 15| 12 6 6 6 6 1% 25

R U . ST 10 9 8 6 6 6 6 20 4 25

(i) Disk-diffusion method (10pl/disk) EC 0 9 ) 6 3 3 6 5 ¢ 5
EA 15 13| 11 8 6 6 6 26 4 12.5
SA | 25 | 22| 20| 17 15 14 12 20 b <1.5625

" e ST 15 13| 11 8 5 5 5 25 6 12.5

(i) Agar well diffusion method (30pul/well EC 15 3 11 ) 5 3 5 55 6 125
EA | 14 | 13| 12| 12 11 8 5 26 6 9.375

Test bacteria species: ST: Salmonella typhi; SaplBtlococcus aureus; EC: Escherichia coli; EA: Enbmcter aerogeneSPositive control:
(5xdilution of penicillin-streptomycinfNegative control (10% methanol solvefitng/ml.

Crude extract from isolate B17 was chosen for themhination of MIC value (Table 3) by using bolte tdisk-
diffusion and agar well diffusion methods (Figure Ik was observed that the crude extract of B13 weost
effective againstS. aureus(gram-positive bacteria) if compared to that ohess gram-negative bacteria.
Additionally, the effectiveness for the crude egtrabtained from B17 to inhibit the test bacteiayphiandE. coli
were the same for both of the disk-diffusion andragell diffusion methods used (Table 3). The dffeness of
the crude extracts of B17 against different specfdest bacteria was in the order 8f:aureus> E. aerogenes S.
typhi, E. coli. In fact, MIC value can be influenced by sevesatdrs such as the aeration, period of incubatiqre
of culture medium, nature of test microorganisnmgl the size of inoculums. Therefore, standardimagdmportant
in carrying out the test. Besides, extract frontatoshould be pure enough in order to fully chimaze the activity
of an antibiotic [24].

In addition, it was observed that besides antidréadt properties, B17 also exhibited the capabitto inhibit the
growth of test fungusHusariumsp) used in this study. This indicated that B17 mighaie great potential to
become an effective anti-fungal agent besides asrdiRbacterial agent that could be applied in @adniral
industries, husbandry and medical fields. Howexn®te species of test fungi were needed in thigngeat order to
prove the anti-fungal properties exhibited by BOR. the other hand, 4 fungal isolates (F10, F11, &1dF26) that
were selected for the antifungal test showed thdahese 4 fungal isolates exhibited the capabditto inhibit the
growth of the test fungaF(sariumsp.).
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Figure 1: Determination of MIC value via disk-diffusion method (plate A, B, C, D) or agar well diffusin method (plate E, F, G, H) with

positive control (5xdilution of penicillin-streptomycin) at the middle and start with the concentration of 100mg/ml, 50 mg/ml, 25 mg/ml,

12.5 mg/ml, 6.25 mg/ml, 3.125 mg/ml, 1.5625 mg/ralhd negative control (10% methanol) in a counterclckwise position. Plate A and E
(S. aureus); B and F (E. aerogenes); C and G (S. typhi) and D and H E. cali).
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Table 4. Morphology and biochemical characterisatio of bacterial isolate, B17

Gram staining -
Forms Circular
Colour of colonies on NA|  Yellow

| Margins Entire
Elevation Low Convex
Shape Coccus
Arrangement Cluster in chain
Indole -

Physical characteristic

Methyl Red (MR) -
Voges-Proskauer (VP) +
Biochemical tests Citrate utilisation +

Oxidase test -

Hydrogen sulfide (kB) -
Motility -
2+: Positive result;>-: Negative result

For the characterization of pure antibiotic prodgcisolates, B17 was gram-negative cocci in whishgenus
remained unidentified after referring t§' @dition of Bergey’s Manual of Determinative Baaégy. This was
because none of the genus described iMaweual matched exactly with the characteristics of Bhfest. However,
there was a possibility that this bacterial isolatight be classified under the GenRkenylobacteriumThis is

because all the results for biochemical tests @dbland most of the characteristics described Viteel to the

descriptions for this genus as described inMlamual except for the positive result of VP test in thisdy that was
different from the negative result as describedhimManual To eliminate this possibility, repetitions needite

performed in order to confirm that there were nisdgositive results obtained for the biochemieats. Besides,
extra biochemical tests need to be performed ®etse of identification for this bacterial isolate

In this study, 11 fungal isolates were selectedctwaracterization. Out of the 11 fungal isolatearahterized, 7
isolates (F2, F3, F5, F17, F18, F20 and F21) waypgsed to be classified under the gelRanicilliumsp, whereas
another four isolates (F10, F11, F14 and F26) werposed to be classified under the gedtisptomycesp. based
on their macroscopic and microscopic examinations

In conclusion, it was found out that there is hightential to discover useful antibiotics producimicrobes in
Nanga Merit Forest with some possibly novel straiva have not yet been studied by other reseachierefore,
more research works can be conducted on this reanetein order to explore novel antibiotics andrtheoducing
microbes which are residing in it.

Acknowledgements

This research study was supported by the DepartmeMolecular Biology, Faculty of Resource Scieramd
Technology (FRST), Universiti Malaysia Sarawak (WMS). We would like to acknowledge Professor Dr.
Cheksum @ Supiah Tawan from Plant Science and &mviental Ecology Department for her laboratory
equipments. We also wish to thanks Zoonosis Resdgargup from FRST for the soil samples.

REFERENCES

[1] N. Hacioglu, B. DulgerfEuropean Journal of Experimental Biolgdy011, 1(4), 158-163.

[2] M. Oskay, A.U. Tamer, C. AzerAfrican Journal of Biotechnolog004 3(9), 441-446.

[3] M.C. Roberts]nternational Journal of Antimicrobial Agents998 9: 255-267.

[4] P.A. Lambert, 1977. In: W.B. Hugo, A.D. Russélds.), Pharmaceutical microbiology’ ®d. (Oxford,
Blackwell Scientific Publications,977) 189.

[5] G.F. Brooks, J.S. Butel, S.A. Morse; Jawetz ik, Adelberg’s medical microbiology #2ed. (San Francisco,
The McGraw-Hill Companies, Inc2001).

[6] G.J. Tortora, B.R. Funke, C.L. Case; Microbigyo An introduction 8 ed. (San Francisco, Pearson Education,
Inc,2007)192.

[7] M. Sharma, A. Kumar, B. Sharma, Akshita, N. D®dli, European Journal of Experimental Biolg@d013 3(5),
432-436.

[8] S. Rajaperumal, M. Nimmi, B.D.R. KumaEuropean Journal of Experimental Biolg@013 3(3), 18-29.

[9] A. Dua, G. Garg, R. Mahajaiuropean Journal of Experimental Biolgdy013 3(4), 203-208.

[10] E.M.A. Nejad, A. Abtahi, G. Zareiaiuropean Journal of Experimental Biolog@013 3(5), 213-217.

[11] J.F. Linares, I. Gustafsson, J.L. Martinzpceedings of the National Academy of Scien2z@8g 103(51),
19484-19489.

[12] A.L. Demain, S. SancheZhe Journal of Antibiotic2009 62, 5-16.

500
Pelagia Research Library



Samuel Lihanet al Euro. J. Exp. Bio., 2014, 4(1):494-501

[13] D. van der Waaij, C.E. Nordhternational Journal of Antimicrobial Agent800Q 16, 191-197.

[14] R.M. Atlas; Handbook of microbiological mediar the examination of food"2ed. (Boca Raton, Taylor &
Francis Group20086.

[15] C.A. Bopp, A.A. Ries, J.G. Wells; Laboratoryethods for the diagnosis of epidemic Dysentery @hdlera
(Atlanta, GeorgiaCenters for Disease Control and Preventi®99 61.

[16] J.H. Bennett, J.L. Brodie, E.J. Benner, W.MHirby, Applied Microbiology1966 14 (2), 170-177.

[17] J.G. Holt, N.R. Krieg, P.H.A. Sneath, J.T. 8y, S.T. Williams; Bergey's manual of determinati
bacteriology & ed. (Baltimore, Williams & Wilkins Compan{.994) 71.

[18] M. Goodfellow, In: S.T. Williams (Ed.), Bergsy manual of systematic bacteriology Vol. 4 (Baltire,
Williams & Wilkins Company1989 2509.

[19] R.A. Samson, E.S. van Reenen-Hoekstra; Ingtido to food-borne fungi (Baarn, Centraalbureawrvo
Schimmelcultures1988 115.

[20] R.1. Griffiths, A.S. Whiteley, A.G. O’'DonnelM.J. Bailey,FEMS Microbiology Ecology2003 43, 35-43.

[21] K.L. Steenwerth, R.E. Drenovsky, J-J, Lambé&tA. Kluepfel, K.M. Scow, D.R. Smartoil Biology &
Biochemistry2008 40, 1330-1340.

[22] M.C. Sewell,The Ohio Naturalist XI\1914 (5), 273-278.

[23] S. Tangjang, K. Arunachalam, A. Arunachalani{ AShukla,Research Journal of Soil Biolog3009 1(1), 1-7.
[24] B. Pandey, PhD thesis, Tribhuvan Universitya{ikmandu, Nepa2004).

501
Pelagia Research Library



