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Mikroorganizmalar grubu, biiytkliiklerine
bagl olarak simiflandirilmig olan ¢esitli canlilar
toplulugudur. Mikroorganizmalar tiim karasal ve
sucul ortamlarda bol miktarda bulunmaktadir.
Insan viicudunda, viicudumuzda bulunan hiicre
sayisindan on kat daha fazla mikroorganizma
bulunmaktadir. Mikroorganizmalar uzun yillar-
dir tip alani, ekoloji, fermantasyon bilimi ve pek
cok bilim dali ile iliskilendirilmelerine ragmen
adli bilimciler tarafindan biiyiik 6l¢iide goz ardi
edilmislerdir. Molekiiler sekanslama ve hesap-
lama tekniklerindeki hizli ilerlemeler sayesinde
pek cok bilim dalindaki mikrobiyal yaklasimlar
degismeye ve gelismeye baglamistir. Yakin geg-
miste bir mikroorganizmay1 tanimlamak i¢in 6n-
celikle onu kiiltire etmek gerekmekteydi ancak
yeni nesil metagenomik caligmalar1 sayesinde
bir mikrobiyal topluluktaki ylizlerce hatta bin-
lerce  mikroorganizmanin karakterizasyonlari
yapilabilmektedir.

Bir¢ok durumda mikroorganizmalar fiziksel
kanit olarak ideal formdadir. Mikroorganizmalar
nerdeyse her yerde yasarlar ve insanlarin yasam
alanlarinda bulunabilirler. Mikroorganizmalar
adli aragtirmalarin yapildigi her yerden toplana-
bilirler ancak tiim mikroorganizmalar her yerde
bulunamazlar. Tipki ¢esitli canlilarin kendi yasam
alanlarimi sectikleri gibi bazi mikroorganizmalar
da habitat secimlerinden dolay1 belli yerlerde
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yasarlar. Mikroorganizmalarin diger bir 6nemli
ozelligi ise kotii kosullarda hayatta kalabilmek
icin degisim gecirerek oldukca dayanikli yapilar
olusturabilmeleridir. Bu 6zelliklerinin timii goz
Oniine alindiginda adli bilimlerin ilk zamanla-
rindan beri, 6zellikle 6liim nedeni ve zamaninin
tayininde mikroorganizmalarin fiziksel kanit ola-
rak kullanilmas: sasirtici degildir @,

Biyolojik sug¢ veya biyoterdrizm, mikroorga-
nizmalarin, toksinlerin, zararlilarin, prionlarin
veya bunlarla iligkili yan tirlinlerin sug veya teror
eylemleri gerceklestirmek igin kullanilmasidir.
Mikroorganizmalar kotii niyetle biyolojik savas
ajanlar olarak, biyoterdrist eylemlerde ve politik
olmayan suclarda kullanilabilirler. Adli mikrobi-
yoloji; basta biyoterdrizm olmak iizere biyolojik
kokenli suglarda, mikrobiyolojik acidan kanit-
larin ayrintili olarak cesitli mikrobiyolojik yon-
temlerle incelenmesi yoluyla, insanlar1 korumak
amaciyla c¢alisan multidisipliner bir bilim dalidir
(O]

Son yillarda, bilimsel ve teknolojik gelismeler
(molekiiler biyolojik yontemler, paralel siralama
teknikleri, biyoinformatik teknolojileri, insan
kimliklendirme, viicut sivisi karakterizasyonu,
bulasici ajanlarin izlenmesini vb.) adli bilimcile-
rin oldukga kiigiik drnekleri inceleyebilmelerine
olanak saglamigtir. Ancak, yeni ve genisletilmis
teknolojik yeteneklerle elde edilen kanitlarin
dogru sekilde degerlendirilip anlamlandirilmasi
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icin kullanilmaktadir. Ozellikle B. anthracis i¢in
bir¢ok firmanin ticari RT-PCR kiti mevcuttur ¢V,

— Microarray: DNA c¢iplerinin kullanildigi
yontemlerdir. Cipler, son derece paralel isleme
ile mikro formatta DNA hibridizasyon (eslesme)
analizine izin verirler. Belirli bir DNA bolgesine
spesifik oligoniikleotid dizisinin kat1 bir destek
ortamina tutturularak hareketsiz hale getirilmesi
ile problar olusturulur. Bu problar bir 6rnekteki
kendisine 6zel DNA dizisi ile karsilastiklarin-
da onunla esleserek onun ortamdan se¢ilmesini
saglarlar. Floresan boya ile isaretli olan bu prob-
lar hibridizasyon sonrasinda 1s1ma &zelliklerine
bagl olarak 6zel cihazlar vasitasiyla belirlenir-
ler. Cipler klinik ve epidemiyolojik tanilama-
larda kullanilabilmektedir. Wong ve ark. (2004)
SARS koronaviriisiiniin belirlenmesini saglayan
microarray gelistirmislerdir. Cip yaklasimi ile
SARS koronaviriisiinii izlemenin ve mutasyon-
lar1 belirlemenin hizli, dogru ve ucuz oldugunu
ortaya koymuslardir ©7.

SONUC

Mikrobiyoloji ve mikrobiyal ekolojideki mo-
dern gelismeler, prokaryotlarm ve Okaryotlarin
oldukca net bir sekilde incelenmesine olanak
tanimaktadir. Bu gelismeler ve bilgilerde bize
mikroorganizmalardan adli bilimlerde de fayda-
lanma olanagi sunmustur. Mikroorganizmalarin
bir ortamda yasamalarini etkileyen en 6nemli pa-
rametreler sicaklik, nem ve oksijendir. Bu para-
metreler mikrobiyal kanitlarin yorumlanmasinda
dikkate almmalidir. Ayn1 zamanda mikroorga-
nizmalarin yasadiklar ¢evrelerde enerji ve besin
kaynaklari i¢in birbirleri ile yaris halinde olduk-
lar1 unutulmamalidir. Mikroorganizmalarin ha-
yatta kalmak i¢in nasil rekabet ettigini anlamak,
mikrobiyal delillerin dogru sekilde yorumlanma-
st ve adli mikrobiyolojinin efektif kullanilabil-
mesi agisindan oldukg¢a dnemlidir.

Sonug olarak; Bireye veya Kkitlelere yonelik
bir su¢ s6z konusu oldugunda mikroorganizma-
larin veya onlarin tirettikleri toksinlerin bu sugun
silah1 olup olmadiginin bulunmasi sug¢lunun bu-
lunmasi yoniinde atilacak 6nemli adimlardan bir
tanesidir. Ayrica kaza, ihmal, hata veya ¢evresel

kosullarin olumsuzlugu gibi ¢esitli sebeplerden
dolayr adli vakanin ¢6zlilmesi i¢in toplanmis
veya toplanacak deliller icin mikrobiyal kontami-
nasyon ve bozulma riski her zaman vardir. Tiim
bu nedenlerle adli ¢aligmalarda mikrobiyoloji
biliminden giin gegtikce daha fazla faydalanila-
cagini soylemek miimkiindiir. Adli mikrobiyolo-
ji her gegen giin biraz daha gelisen, molekiiler
yontemlerdeki ilerlemeler ile yenilenen, cezai
sorusturmalarda dogru kararlarin alinmasina kat-
k1 saglayacak delillerin sunulmasinda 6nemli rol
oynayan bir alan olarak karsimiza ¢ikmaktadir.
Ulkemizde adli mikrobiyoloji alaninda uzman-
lagmis insanlarin yetistirilmesi ve bu uzmanlar-
dan olusan bilimsel ¢alisma gruplar1 kurulmas,
molekiiler yontemleri de i¢eren yeni tekniklerin
gelistirilmesi ve bu tekniklerin rutin ¢aligmalar-
da kullanilmasi adli mikrobiyolojik vakalarin ¢o-
ziilmesi agisindan her gegen giin daha fazla nem
kazanmaktadir.

Anahtar Kelimeler: Mikrobiyoloji, Bakteri,
Fungus, Mikrobiyal Delil, PCR

KAYNAKCA

1: Carter, DO, Junkins, EN, Kodama, WA, (2017). A primer
on microbiology, Carter, DO, Tomberlin, JK, Benbow,
ME, Metcalf, JL. (Ed), Forensic Microbiology iginde (s.
1-24). UK.: John Wiley & Sons Ltd.

2: Budowle, B, Schutzer, SE, Breeze, RG. et al. (Ed) (2011).
Microbial Forensics, (2nd edn). Burlington: Academic
Press.

3: Malik, P, Singh, G. Health considerations for forensic pro-
fessionals: a review. Forensic Science Policy and Mana-
gement: An International Journal. 2011;2(1):1-4.

4: Woese, CR, Kandler, O, Wheelis, ML. Towards a natural
system of organisms: proposal for the domains Archa-
ea, Bacteria, and Eucarya. Proceedings of the National
Academy of Sciences of the United States of America,
1990;87:4576-4579.

5: Madigan, M, Martinko, J, Stahl, D. et al. (2012). Brock Bio-
logy of Microorganisms, (13th edn). San Francisco, CA:
Pearson/Benjamin Cummings.

6: Slonczewski, JL, Foster, JW. (2011). Microbiology: An Evol-
ving Science, (2nd edn), New York, NY: W. W. Norton
and Company.

7: Piepenbring, M. (2015). Introduction to Mycology in the
Tropics. American Phytopathological Society Press.

8: Killham, K, Prosser, JI. (2007). Soil Microbiology, Eco-
logy, and Biochemistry, (3rd edn), Paul, EA. (Ed), The
prokaryotes iginde (s. 119-144). Burlington, MA, USA:
Academic Press,

9: Carter, DO, Yellowlees, D, Tibbett, M. Cadaver decom-



324

Adli Mikrobiyoloji

position in terrestrial ecosystems. Naturwissenschaften,
2007;94:12-24.

10: Metcalf, JL, Xu, ZZ, Weiss, S. et al. Microbial community
assembly and metabolic function during mammalian
corpse decomposition. Science, 2016;351;158-162.

11: Forbes, S.L. (2008). Decomposition chemistry in a burial
environment, Tibbett, M, Carter DO. (Ed), Soil Analy-
sis in Forensic Taphonomy: Chemical and Biological Effe-
cts of Buried Human Remains iginde (s. 203-223) , Boca
Raton, FL: CRC Press.

12: Grice, EA, Segre, JA. The skin microbiome. Nature Re-
views Microbiology, 2011;9:244-253.

13: Benbow, ME, Pechal, JL, Lang, JM. et al. The potential
of high throughput metagenomic sequencing of aqu-
atic bacterial communities to estimate the postmor-
tem submersion interval. Journal of Forensic Sciences,
2015;60:1500-1510.

14: Lax, S, Smith, DP, Hampton-Marcell, J. et al. Longitudi-
nal analysis of microbial interaction between humans
and the indoor environment. Science, 2014;345:1048-
1052.

15: Carter, DO, Tibbett, M. Microbial decomposition of ske-
letal muscle tissue (Ovis aries) in a sandy loam soil at
different temperatures. Soil Biology and Biochemistry,
2006;38:1139-1145.

16: Putman, RJ. Patterns of carbon dioxide evolution from
decaying carrion. 1. Decomposition of small mammal
carrion in temperate systems. Oikos, 1978;31.47-57.

17: Carter, DO, Tibbett, M. Does repeated burial of skele-
tal muscle tissue (Ovis aries) in soil affect subsequent
decomposition. Applied Soil Ecology, 2008;40:529-535.

18: Pechal, JL, Crippen, TL, Tarone, AM. et al. Microbial
community functional change during vertebrate carri-
on decomposition. PLoS One, 2013;8, €79035.

19: Lauber, CL, Metcalf, JL, Keepers, K. et al. Vertebrate de-
composition is accelerated by soil microbes. Applied
and Environmental Microbiology, 2014;80:4920-4929.

20: Degens, BP, Harris, JA. Development of a physiological
approach to measuring the catabolic diversity of soil
microbial communities. Soil Biology and Biochemistry,
1997;29(9-10):1309-1320.

21: Swift, MJ, Heal, OW, Anderson, JM. (1979). Decompo-
sition in Terrestrial Ecosystems, Oxford, UK: Blackwell
Scientific.

22: Carter, DO, Yellowlees, D, Tibbett, M. Autoclaving can
kill soil microbes yet enzymes can remain active. Pedo-
biologia, 2007;51:295-299.

23: Nagasawa, S, Motani-Saitoh, H, Inoue, H. et al. Geograp-
hic diversity of Helicobacter pylori in cadavers: forensic
estimation of geographical origin. Forensic Science In-
ternational, 2013;229:7-12.

24: Song, SJ, Lauber, C, Costello, EK. et al. Cohabiting family
members share microbiota with one another and with
their dogs. eLife, 2013;2, e00458.

25: Tridico, SR, Murray, DC, Addison, J. et al. Metagenomic
analyses of bacteria on human hairs: a qualitative as-
sessment for applications in forensic science. Investiga-
tive Genetics, 2014;5,16.

26: Bouslimani, A, Porto, C, Rath, CM. ve ark. (2015). Mo-

lecular cartography of the human skin surface in 3D.
Proceedings of the National Academy of Sciences of the
United States of America, 112, E2120-E2129.

27: Brown, JW. (2015). Principles of Microbial Diversity,
Washington, DC: American Society for Microbiology
Press,

28: Carter, DO, Knight, R, Metcalf, JL. (2014). A preliminary
survey of a postmortem skin microbiome on Oahu.
Proceedings of 66th Annual Meeting of the American
Academy of Forensic Sciences iginde (s. 361-362), vol.
20, Seattle, WA, February 17-22, 2014, American Aca-
demy of Forensic Sciences, Colorado Springs, CO.

29: LPSN (2020). List of Prokaryotic names with Standing in
Nomenclature (20/08/2020 tarihinde https://www.bac-
terio.net adresinden ulasilmistir).

30: Statheropoulos, M., Spiliopoulou, C, Agapiou, A. A
study of volatile organic compounds evolved from the
decaying human body. Forensic Science International,
2005;153:147-155.

31: Vass, AA. Odor mortis. Forensic Science International,
2012;222:234-241.

32: Government Accountability Office (GAO) (2005). Anth-
rax Detection: Agencies Need to Validate Sampling Ac-
tivities in Order to Increase Confidence in Negative
Results. GAO, Washington, DC.

33: Pechal, JL, Crippen, TL, Benbow, ME. et al. The poten-
tial use of bacterial community succession in foren-
sics as described by high throughput metagenomic
sequencing. International Journal of Legal Medicine,
2014;128:193-205.

34: Damann, FE, Williams, DE, Layton, AC. Potential use
of bacterial community succession in decaying human
bone for estimating postmortem interval. Journal of Fo-
rensic Sciences, 2015;60:844-850.

35: Caplan, MJ, Koontz, FP. (2001). Postmortem Microbio-
logy (Cumitech 35), Washington, DC: American Society
for Microbiology Press.

36: Carter, DO, Metcalf, JL, Bibat, A. et al. Seasonal variation
of postmortem microbial communities. Forensic Scien-
ce, Medicine, and Pathology, 2015;11:202-207.

37: Ma, Q, Fonseca, A, Liu, W. et al. Proteus mirabilis inter-
kingdom swarming signals attract blow flies. The ISME
Journal, 2012;6:1356-1366.

38: Zheng, L, Yu, Z, Crippen, TL. et al. Bacteria mediate
oviposition by the black soldier fly, Hermetia illu-
cens (L.), (Diptera: Stratiomyidae). Scientific Reports,
2013;3:2563.

39: Chun, L, Miguel, M, Junkins, EN. et al. An initial inves-
tigation in the ecology of culturable postmortem bacte-
ria. Science and Justice, 2015;55:394-401.

40: Olakanye, AO, Thompson, T, Komang Ralebitso-Senior,
T. (). Soil fungal community shift evaluation as a poten-
tial cadaver decomposition indicator. Forensic Science
International, 2015;257:155-159.

41: Hawksworth, DL, Wiltshire, PEJ. Forensic mycology: the
use of fungi in criminal investigations. Forensic Science
International, 2011;206:1-11.

42: Hitosugi, M, Ishii, K, Yaguchi, T. et al. Fungi can be a
useful forensic tool. Legal Medicine, 2006;8:240-242.



Adli Mikrobiyoloji

325

43: Budowle, B, Schutzer, SE, Einseln, A. et al. Public Health.
Building microbial forensics as a response to bioterro-
rism. Science, 2003;26-301(5641):1852-3.

44: Hancy, IH, Ozdemir, C, Bozbiyik, A. ve ark. (2002). Kim-
yasal, biyolojik, niikleer silahlar ve yaralanmalari. Han-
a1 TH (Ed), Adli Tip ve Adli Bilimler iginde (s. 133-60),
Ankara: Seckin Yayinevi.

45: Henderson, DA. The looming threat of bioterrorism.
Science, 1999;283:1279-82.

46: Schutzer, SE, Budowle, B, Atlas, RM. Biocrimes, micro-
bial forensics and the physician. PLoS Med. 2005;2(12),
337.

47: Erkol, Z, Gokdal, i, Erkol, H. ve ark. Enjektorle HIV
Bulastt: Modern Cagin Sug Isleme Yontemi. Adli Tip
Dergisi, 2010;24(3):48-51.

48: Carus, WS. (2001). Bioterrorism and Biocrimes- The Il-
licit Use of Biological Agents Since 1900. Washington,
D.C: Center for Counterproliferation Research Natio-
nal Defense University.

49: Morris, JA, Harrison, LM, Partridge, SM. Practical and
theoretical aspects of postmortem bacteriology. Curr
Diagn Pathol. 2007;13:65-74.

50: Saglik Bakanlig1 (2020). Tiirk Gida Kodeksi Mikrobiyolo-
jik Kriterler Tebligi (18.08.2020 tarihinde https://www.
saglik.gov.tr/TR,11315/turk-gida-kodeksi-mikrobiyo-
lojik-kriterler-tebligi20096---68.html adresinden ula-
silmustir).

51: Ziyade, N. Postmortem mikrobiyolojik analizler: giincel
yaklasim. Adli Tip Biilteni, 2012;17(1):32-42.

52: James, SH. (2005). Principles of Bloodstain Pattern Analy-
sis, New York: CRC Press.

53: Weedn, VW, Hicks, JW. (1998). The Unrealized Potential
of DNA Testing, USA: National Institude of Justice, Re-
search in Action 1-8.

54: Yiice, P, Demirdag, K, Kalkan, A. ve ark. Kan Kiltiirle-
rinde Izole Edilen Mikroorganizmalar ve Antibiyotik
Duyarliliklari, Ankem Derg. 2005;19(1):17-21.

55: Gunn, A. (2006). Essential Forensic Biology, England:
Wiley and Sons Press.

56: Burton, JL. Health and safety at necropsy. J Clin Pathol.
2003;56:254-260.

57: Tsokos, M, Piischel, K. Postmortem bacteriology in fo-
rensic pathology: diagnostic value and interpretation.
Legal Medicine. 2001;3:15-22.

58: Wilson, SJ, Wilson, ML, Reller, LB. Diagnostic Utility
of Postmortem Blood Cultures. Arch Pathol Lab Med.
1993;117(10):986-8.

59: Morris, JA, Harrison, LM, Partridge, SM. (). Postmortem
bacteriology: a re-evaluation. J Clin Pathol. 2006;59:1-9.

60: Yilmaz-Cankilig, M. (2009). Mikrobiyal Tan: Yontemle-
rine Giris. Unite 11, Giiven K. (Ed.), Genel Mikrobiyo-
lojii iginde (s. 241-252), Eskigehir: Anadolu Universitesi
Yayini No: 1961.

61: Budowle, B. Genetics and attribution issues that con-
front the microbial forensics field. Forensic Sci Int.
2004;146:185-8.

62: Klug, WS, Cummings, MR, Palladino, MA. et al. (2018).
Genetik Kavramlar (11. Baski), Ankara: Palme yaymevi.

63: White, T7, Bruns, TD, Lee, S. et al. (1990). Analysis of

phylogenetic relationships by amplification and direct
sequencing of ribosomal RNA genes. Gelfand, MA,
Sninsky, JJ, White, TJ. (Ed.), In PCR Protocols: A Guide
to Methods and Applications iginde (s. 315-322), New
York: Academic press.

64: Wilson, KH, Blitchington, R, Greene, RC. Amplification
of bacterial 16S rRNA sequences with polymerase cha-
in reaction. J. Clin. Microbiol. 1990;28:1942-1946.

65: Keim, P, Van Ert, MN, Pearson, T. et al. Anthrax molecu-
lar epidemiology and forensics: Using the appropriate
marker for different evolutionary scales. Infect. Genet.
Evol. 2004;4:205-213.

66: Kolbert, CP, Persing, DH. Ribosomal DNA sequencing
as a tool for identification of bacterial pathogens. Curr.
Opin. Microbiol. 1999;2:299-305.

67: Wong, CW, Albert, TJ, Vega, VB. et al. Tracking the
evolution of the SARS coronavirus using high-throu-
ghput, high-density resequencing arrays. Genome Res.
2004;14:398-405.





