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EFFECT OF HYDROGEN SULFIDE AT DIFFERENTIAL
CONCENTRATIONS ON THE PROCESS OF DISSIMILATORY
SULFATE REDUCTION BY THE BACTERIA DESULFOVIBRIO PIGER

The influence of hydrogen sulfide at differential concentrations on the dissimilatory sulfate reduction
process by bacteria Desulfovibrio piger Vib-7 isolated from the human intestine has been studied. The
significant inhibition of bacterial growth (up to 21% on the 60™ hour of cultivation, compared with
control) and their sulfate and lactate consumption as well as hydrogen sulfide and acetate production
has already been observed in concentration of 1 mM H,S in the cultivation medium. In the presence of
2 and 3 mM H,S, the bacterial growth is inhibited by 53 and 70%, respectively, on the 60™ hour of
cultivation. The increasing concentrations up to 4 and 5 mM hydrogen sulfide have caused a violation
of the dissimilatory sulfate reduction process of the studied D. piger Vib-7 strain. Complete inhibition
of bacterial growth and significant inhibition of sulfate reduction (up to 98%, compared with control)
have been shown at the highest concentration (7 mM) of hydrogen sulfide in the cultivation medium.
Based on experimental data, surface models of dissimilatory sulfate reduction parameters (bacterial
growth, sulfate and lactate consumption, and accumulation of hydrogen sulfide and acetate) under the
influence of hydrogen sulfide different concentration by the D. piger Vib-7 were constructed. The
isolated bacteria D. piger Vib-7 producing hydrogen sulfide and acetate might cause various human
and animal intestinal diseases (including ulcerative colitis and colon cancer) and other inflammatory
bowel processes. Therefore these bacteria are quite interesting and promising for further studies.

Keywords: sulfate-reducing bacteria, Desulfovibrio piger, sulfates, hydrogen sulfide, ulcerative colitis,
inflammatory bowel diseases

Hydrogen sulfide is the main product of the sulfate-reducing bacteria metabolism. It can also be
created endogenously during trans-sulfurization, it is available in non-toxic concentrations in the
brain, heart, blood vessels, genitourinary and gastrointestinal tract [9]. The hydrogen sulfide in higher
concentrations inhibits the butyrate oxidation which is the main source of energy for intestine
colonocytes of humans and animals as well as this compound can be cause hyperproliferation of cells
and disruption of the mucosal colonocytes [2, 10]. Perfusion of rat colon by low concentrations of
hydrogen sulfide leads to intestinal ulceration. It is believed that the sulfate-reducing bacteria have a
significant influence on the development of the inflammatory bowel disecases. However, the intensity
of the hydrogen sulfide concentration produced in the colon lumen by these bacteria is also an
important factor [5]. It was detected significantly more in the distal intestine than in the proximal part
of the intestine [4]. The sulfate-reducing bacteria form colonies and dense biofilms around ulcers [2].
The boundaries between the ulcer and the colonies of the bacteria probably depend on immune status
of the macroorganism (host), the intestinal lumen pH and the availability of sulfate [8]. It has been
shown that hydrogen sulfide increases the permeability of the epithelial barrier of the oral mucosa
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cells and interferes with their function [3, 9, 10]. The relevance of this research is that the influence of
hydrogen sulfide at differential concentrations on the dissimilatory sulfate reduction by the intestinal
bacteria Desulfovibrio genus has been insufficiently studied. Since the sulfate-reducing bacteria are
producers of hydrogen sulfide, it is very interesting to investigate their sensitivity to this highly toxic
compound.

The aim of this work was to study the process of dissimilatory sulfate reduction by the
Desulfovibrio piger Vib-7 under the influence of hydrogen sulfide at differential concentrations as
well as the obtained data to compare with those from literature.

Material and methods

Object of the study was the sulfate-reducing bacteria of the Desulfovibrio piger strain Vib-7 isolated
from the human large intestine [7]. The strain is kept in the collection of microorganisms at the
Biotechnology laboratory of Pharmacy Faculty at the University of Veterinary and Pharmaceutical
Sciences Brno (Czech Republic).

The bacteria were grown in nutrition modified Kravtsov-Sorokin's liquid medium of such
composition (g/l): Na,SO, — 0.5; KH,PO, - 0.3; K,HPO, — 0.5; (NH,),SO, — 02; NH,Cl - 1.0;
CaCl,x6H,0 - 0.06; MgS0O,x7H,0 — 0.1; C;Hs;0;Na - 2.0; yeast extract — 1.0; FeSO,<7H,0 — 0.004;
C¢Hs0,Na;x2H,0 — 0.3. The medium was heated in boiling water for 30 min in order to obtain an
oxygen-free medium, and cooled to +30°C temperature.

To study the effect of hydrogen sulfide at differential concentrations on the growth bacteria D.
piger Vib-7 and their process of dissimilatory sulfate reduction, a sterile solution of Na,Sx9H,0 (1%)
was added before bacterial seeding the Kravtsov-Sorokin's liquid medium. The final concentration of
hydrogen sulfide in the medium was 1.0; 2.0; 3.0; 4.0; 5.0; 6.0 and 7.0). The medium without added
of Na,Sx9H,0 was used as a control. The initial cells seeding was 0.5 mg/ml. The bacteria were
grown for 72 hours at +37°C under anaerobic conditions. The tubes were brim-filled with medium
and closed to provide anaerobic conditions.

Accumulation of biomass of the sulphate-reducing bacteria in liquid medium (without Mohr's
salt) was determined by the turbidity of the dilute suspension of cells by the photometric method.

The sulfate ions concentration in the medium was determined by turbidymetric method after it
had been precipitated with barium chloride. To stabilize the suspension, glycerol was used [6].

Hydrogen sulfide concentration in the culture medium was determined by the photometric
method based on reaction of sulfide and n-aminodimethylaniline with methylene blue formation [11].
The concentration of hydrogen sulfide by calibration curve was established.

Measurements of lactate concentration were carried out through a dehydrogenation reaction of
lactate by lactate dehydrogenase in the presence of NAD', with formation of pyruvate and NADH
products [12].

Accumulation of acetate ions by the bacteria cultures during their growth in the medium was
determined by titration.

Using the experimental data, the basic statistical parameters (M — mean, m — standard error,
M=m) have been calculated. For the estimation of the reliability between the statistical characteristics,
Student’s t-test was used. The difference was reliable when P>0.95 [1]. Statistical processing of the
results was performed using packet Excel, Origin and Statistica computer programs.

Results and Discussion

The isolated sulfate-reducing bacteria the Desulfovibrio piger Vib-7 actively reduced sulfate and
produced hydrogen sulfide (up to 3.16 mM on the 72" hour of cultivation) assimilating lactate and
accumulating acetate (up to 15.45 mM on the 72" hour of cultivation) in the control medium (fig. 1).

The studied bacteria had accumulated biomass up to 3.7 mg/ml on the 60™ hour of cultivation.
Adding different concentrations of hydrogen sulfide in the culture medium led to inhibition of
bacterial growth and disruption of the sulfate reduction process. This process under the effect of
different concentrations of hydrogen sulfide by the D. piger Vib-7 has been studied.
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Fig. 1. The growth of Desulfovibrio piger Vib-7 and their process of dissimilatory sulfate
reduction under influence of hydrogen sulfide at differential concentrations: -m-
biomass; - ¥ - sulfate; - ¢ - sulfide; - « - lactate; - A - acetate

Despite the fact that the studied sulfate-reducing bacteria produce hydrogen sulfide, their cells
are highly sensitive to this compound. The significant inhibition of D. piger Vib-7 growth (up to 21%
on the 60th hour of cultivation) is observed already in concentration of 1 mM hydrogen sulfide in the
medium. The sulfate and lactate consumption has been inhibited by 98% on the 60th hour of
cultivation under these conditions compared to the sulfate and lactate assimilation of bacteria grown
in the medium without hydrogen sulfide.

The bacterial growth is inhibited by 53 and 70% at concentrations of 2 and 3 mM of HZS,
respectively, on the 60thhour of cultivation compared to the control. Increasing the concentration to 4
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and 5 mM has caused bacterial growth retardation to 24 hour, and after that the biomass of D. piger
Vib-7 slightly increased (up to 1.29 and 1.04 mg/ml on the 60thhour of cultivation, respectively).

The high concentrations of hydrogen sulfide (6 and 7 mM) in the medium are the most toxic.
Bacterial growth under the influence of these concentrations of H2S has been totally inhibited.
However, insignificant dissimilation sulfate and lactate and the accumulation of hydrogen sulfide and
acetate under these conditions have been observed. Apparently, the studied bacteria D. piger Vib-7
are viable under these toxic concentrations but they can not multiply.

Based on experimental data, surface models of the dissimilatory sulfate reduction parameters
(bacterial growth, sulfate and lactate consumption, and accumulation of hydrogen sulfide and acetate)
under the influence of hydrogen sulfide different concentration by the D. piger Vib-7 were
constructed (fig. 2).

Bacterial growth Sulfate consumption

Production of sulfide Lactate consumption

Fig. 2. The surface models of dissimilatory sulfate reduction parameters by the bacteria
Desulfovibrio piger Vib-7 under the influence of hydrogen sulfide at differential
concentrations (3D surface)
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The obtained surface models show inhibited effect of hydrogen sulfide different concentrations
on the D. piger Vib-7 growth and their sulfate reduction process. The inhibition of the process
increases in proportion to the increase of hydrogen sulfide concentration in the medium.

Thus hydrogen sulfide is toxic for studied bacteria which are producers of this compounds. A
limiting factor for their growth in the human intestine is the increase its concentration.

From the available literature data it is known that hydrogen sulfide is present in lumen of the
human large intestine in millimolar concentrations (1.0-2.4 mM) [3]. However, the concentration of
free (unbound) sulfide is in the micromolar range due to a large capacity of fecal components to bind
the sulfide. The strain D. piger Vib-7 produce H2S (up to 3.16 mM), actively assimilating sulfate and
lactate, these compounds are contained in the food which the human has consumed.

Hydrogen sulfide can also be formed from endogenous sulfur-containing compounds including
amino acids. At excessive concentration, H2S is known to severely inhibit cytochrome c oxidase, the
terminal oxidase of the mitochondrial electron transport chain, and thus mitochondrial oxygen
consumption [9, 10]. Some experimental facts suggest that the capacity of colonocytes to metabolize
H.S is an important feature for their resistance toward an excessive concentration of free luminal
sulfide [3]. The data which would allow implying prolonged excessive concentration of sulfide in the
luminal content of the large intestine and/or defective expression of detoxifying catalytic activities in
large intestine epithelium in the colon carcinogenesis are scarce. In view of this fact, the isolated
bacteria D. piger Vib-7 are very promising for further studies.

Conclusions

The intensity of dissimilatory sulfate reduction (bacterial growth, sulfate and lactate assimilation and
accumulation of H2S and acetate) by the D. piger Vib-7 depends on the concentration of hydrogen
sulfide in the cultivation medium. The highest concentration of hydrogen sulfide and acetate was
produced in the medium without any initial hydrogen sulfide. Despite the fact, that the isolated D.
piger Vib-7 can capable of rapidly producing hydrogen sulfide, high concentrations of which are toxic
to its producers.

Taking into consideration all ofthe obtained results: studies of the strain D. piger Vib-7 growth
in medium with hydrogen sulfide at differential concentrations, their sulfate and lactate assimilation
as well as the accumulation of hydrogen sulfide and acetate, the isolated bacteria might cause various
human intestinal diseases (including ulcerative colitis and colon cancer) and other inflammatory
bowel processes. Therefore these bacteria are quite interesting and promising for further studies.
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1.B. Kyuixesuu

®apmareBrHaHEHN PaKyIBTET YHIBEPCHTETY BETCPUHAPHAUX Ta papMarieBTHIHUX Hayk bpHO

BIUIMB PI3HUX KOHILIEHTPALIIM TIJIPOT'EH CYJIb®IJTY HA ITPOLIEC
JUCUMUTALIMHOT O BIJHOBJIEHHS CYJIb®ATY BAKTEPISIMU DESULFOVIBRIO PIGER

HocnipkeHO BIUIMB PI3HMX KOHLCHTpamidl riAporeH cynapdiny Ha MNpouec AHUCHMUTALIHHOTO
BiaHOBICHHS Cynbdaty Gakrepismu Desulfovibrio piger Vib-7, i3o1poBaHl 3 KHIICYHHKA JHOIHHH.
3uauyne 1HriOyBaHHA pocTy Oaktepid (a0 21% wHa 60 roamHy KyIbTHBYBaHHS, MOPIBHSHO 3
KOHTPOJICM), BUKOPHCTAHHA HHMH Cynb(aTy 1 NaKkTaTy, a TaKoK YTBOPCHHS riaporeH cyapdiay i
aneTaTy BCTAHOBICHO yxe 3a koHueHTtpauii 1 MM H,S y cepeaoBuini kynbTUBYBaHHA. 3a HASBHOCTI 2
1 3 MM H,S picr Gakrepili inriOysascsa Ha 53 Ta 70%, BianosigHO, Ha 60 rOAWHY KYyIbTHBYBAHHSI.
30inpmeHHS KOHUEHTpamid 10 4 1 5 MM riaporen cynabpdiny CHOPUYHMHAIO MOPYLICHHS MHPOLIECY
JUCHMIIAIIAHOTO BITHOBICHHS Cymedary mocraimkysBanum mramoMm D. piger Vib-7. Tlosne
1HriOyBaHHS OaKkTepiaNbHOTO POCTY 1 3HAYHE I1HrIOyBaHHS mpouecy cyasbarpeaykmii (10 98%,
MOPIBHSHO 3 KOHTPOJCM) BCTAHOBJICHO 3a HaWBHINOi KoHUeHTpauii (7 MM) rigporeH cyiabdiny v
cepenoBUIN Ky IbTHBYBaHHA. Ha OCHOBI ekcrmiepuMeHTATBHIX naHuX (DaktepiaapHoro pocry D. piger
Vib-7, BukopucTaHHI HUMH cyibdaTy 1 JAkTary, a Tako) HAKOMHYCHHS TigporeH cymediay Ta
aneraty), noOyIOBaHO MOJACTI MOBEPXOHb MApPaMETPIB AWCHMULILIHHOTO BIAHOBICHHSA Cymbdary
OakTepisiMH 3a BIUTMBY PI3HHX KOHLCHTpALii rixporeH cyapdiay. [3oaposani Oakrepii D. piger Vib-7,
MPOXYKYIOUH I APOreH cynb(dia 1 aneTar, MOKyTh CIPUUUHAITH Pi3HI KHUIIKOBI 3aXBOPIOBAHHS THOIHHI
1 TBapHH (Y TOMY YHCI1 BUPA3KOBHU KOJIT T4 PaK TOBCTOI KHIIKH), & TAKOXK 1HIII 3amaibHi IPOLIECH
kumeuyHrKa. ToMy 1l GakTepii € ZOCUTh MIKABUMH T MSPCIICKTUBHUH /Il TOAATBIINX JOCTIIKCHD.

Kmiouosi crosa. cynwgpameionosmosanvui 6axmepii, Desulfovibrio Piger, cyrepamu, zidpozen cyrvgpio,
SUPA3KOGUI KON, 3aNANbHI 3aXE0PI0SAHHS KUULE YHUKA

H B. Kywreeuu

®apmareBrdeckuil aKyIbTET YHUBEPCUTETY BETEpHHAPHEIX U (hapMareBTHIESCKIX Hayk bpHo

BJIVSHUE PA3HBIX KOHLIEHTPALIVH THAPOTEH CYJILOUIA HA TTPOLIECC
JTMCCUMMJIALIMOHHOT O BOCCTAHOBJIEHHS CYJIL®ATA BAKTEPHSIMU
DESULFOVIBRIO PIGER

HccnenosaHo BAMSHUE pa3HbIX KOHLCHTPALUI 'HAPOTCH CYIb(HIa HA MPOLECC TUCCHMUIILIUOHHOTO
BOCCTaHOBNICHUS cymbhara Gaxtepusmu Desulfovibrio piger Vib-7, koTopbic ObITH H30IMPOBAHBI K3
KHINCYHUKA 4YCIOBCKA. JHAYUTC/IPHOC HMHruHOupoBaHue pocra Oaktepuii (10 21% nHa 60 wac
KYJIETHBHPOBAHMSL, 0 CPABHCHHIO C KOHTPOJIEM), UCTIONB30BAHNC HMHU CYIb(ara H JIAKTaTa, a TaKKe
HAKOIUICHUS THAPOreH cyib(uaa U anerara YCTAHOBICHO yike npH koHueHTpammu 1 MM H,S B cpene
kynbTueupoBanus. [lpn Hammumu 2 m 3 MM H2S poctr Gaxrepmit marubysascs Ha 33 u 70%,
COOTBCTCTBCHHO, HA 60 Wac KyapTUBHPOBAHUS. YBCIMUCHUC KOHIOCHTpaImi 10 4 u 5 MM rugporcH
cyapduoa BEI3BBANO HAPYLUICHHE MpoLecca IUCCHUMULINHOHHOTO BOCCTAHOBICHUS Cyibdara
uccaeayemeiM mrammoMm D. piger Vib-7. TMomHoe wuHruOuposaHHe OAKTCPHATIBHOTO POCTA H
3HAYUTCIIPHOS MHIMOUPOBAHUE Mporiecca cyabdarpeaykiun (10 98%, mo cpaBHEHUIO ¢ KOHTPOJIEM)
VCTAHOBJICHO MO HauBbicinci koHueHTpaund (7 MM) ruaporeH cyne(una B cpeie KyJIbTHBUPOBAHHUSL.
Ha ocHoBe skcrepuMeHTATBHBIX JaHHBIX (OGaxTepuansHoro pocra D. piger Vib -7, ucnons3oBanue
uMH cynb(dara U nakTara, a TAaKKE HAKOIUICHHE THAPOTeH CyAb(uIa U anerarta), MOCTPOCHBI MOJCTH
MOBCPXHOCTCH MapaMeTpOB JUCCHMUILILIMOHHOIO BOCCTAHOBICHHA cynb(dara OakTepHsiMu TMofg
BIMSIHACM Pa3HbIX KOHLCHTpAUui ruaporeH cyiabduna. M3omuposannsie Gaxrepuu D. piger Vib-7,
MPOAYLUHPYS THAPOTCH CYAbQUI W aleTaT, MOTYT BbI3BIBATH PAa3HBIC KHINCYHBEIC 3a00JCBAHUAL
YENOBEKA M JKUBOTHBIX (B TOM YHCIC SI3BCHHBIM KOJHT U PaKk TOJICTOH KHINKH), & TAKXKE APYIHC
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BOCHAIUTC/IBHBIC —MPOLECCH  KuineuHuka. l[loaromy 5TH  GakTepuu SIBASIOTCS JAOCTATOYHO
WHTEPECHBIMH U NEPCIICKTUBHBIN A1 AATbHENUIINX UCCIEIOBAHUM.

Kmiouesvie ciosa. cyrvgpam-eoccmanosumenvivie Oaxmepuu, Desulfovibrio piger, cyaspamer, euopozen
cybghud, A36eHHBLTE KOIUM, GOCHATUMENbHBIE 3000 6AHUN KUMLEYHUKA
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®OCPOOJINIIHAN CKJIAA MITOXOHIPI KJIITHH
TENATOINAHKPEACY PUB 3A JIIi HOHIB Zn*' TA Cd*

Jocnimkeno Bmmue Zn (0.5 i 2 wmr/mv’) ta Cd*(0,005 i 0,02 mr/ av’) Ha mimgHuid cxiax
MITOXOHAPiIM KmiTuH remaronankpeacy kopoma (Cyprinus carpio L) ta myku (Esox lucius L.).
BcranoBneHO, MO MiABUINCHI KOHLCHTpaLii HOHIB METAmB V BOJAlI BHKIHKAKOTH CTPYKTYPHO-
¢dyHKLIOHATBHI 3MiHH (pocdOmini JHOro CKIAAy MITOXOHAPIN JOCTIIKYBAHHX PHO.

Brue 0.5 mr/oM iionis Zn" y 000X BUIIB PHO Ta Al HU3BKUX KOHLICHTPALH cd* V IIYKH
aktuByBaB cuHTe3 DX, 110 NMPU3BOAUTH A0 BHIKCHHS MIKPOB'I3KOCTI MEMOpaHH, IO, WMOBIPHO,
00yMOBIIECHO 301mbIICHHIM pomi (ocdonimais y perymamii il MpOHUKHOCTI A HOHIB METATIB.

Hist 000X AOCTIAKYBAHUX KOHIICHTPAIN KaIMIKO Ta BIUIUB 2 Mr/oM° HOHIB LIMHKY BHUKJIMKAJIA
spoctanns kinbkocti PEA, JIOX 1 CM ta 3venmenHa pmicty ®X 1 @I 3umkenns smicty ©X 1 @I 3
nmapaneabHuM  HakonmdceHHsA JIPX Bkasye Ha akTuBamito mizocomanbHOi Gocomimazu A, i
doctoninazu C, TOOTO, ACCTPYKUIIO NIMAHOTO MApy MEMOpaH MITOXOHApIH.  AJanTHBHOIO
BIAMOBIAMIO HAa Takl 3MIHH MOKHA BBaxkatu HakomuucHHS CM 1 ®EA, mo crpuse 301IbIICHHIO
LIUTBHOCTI JIMAHOTO Olmmapy Ta, BIAMOBIAHO, 3HWKCHHIO Horo npoHukHOCTI. HesBakaroum Ha
anantueHy ponp OEA, 3HauHe HOro HaKOMMYCHHS 3 OXHOYACHUM TigponizoM O X cnpuse MOKIUBIH
HOro MOsBI HAa 30BHIIIHBOMY MIapi MeMOpaH MITOXOHAPIH, BHACHIAOK YOTrO CIOCTEPITAEThCS
3pPOCTaHH ii IPOHHKHOCTI, IO MO OYTH OAHi€I0 3 MpHuMH HakomuueHHs fonis Cd”" i Zn™" 3a xii ix
BUCOKHX KOHLCHTPAI{H y BOAI.

Kmouosi croea: wyxa, Kopon, yunk, KaoMmitl, neuinka, MimoxoHopii, membpanu, pocghoriniou

B opranizmax rigpoGIOHTIB €BOIIOLIHHO CHOPMYBAIUCS MEXaHI3MH OloXiMiuHOT ajanramii 10
XIMIYHUX YUHHHKIB PI3HOTO THmy 1 piBHS. OZHUM 13 TAKUX MEXaHI3MIB ajanTaiii 0 HaIIHIIKOBOTO
HAJXOMKCHHS 10HIB METamiB € CTPYKTypHa mepedyaosa mimigHoro Oimapy memOpan [8]. Ilpore,
HC3BKAIOYH HA AaKTVAIbHICTh, iX BIUIMB HA JMMJHHH OOMIH V BOJHHX OPraHi3MiB BHBUCHO
HEJOCTATHBO, OCKINBKH, OIIBINICTh JOCTIMKCHb MPOBEACHO HA BHUIIMX XpeOCTHUX TBapuHax [3].
loao pub, TO ¥y HUX AOCHITKEHO POb JIMAIB B aJanTalii 10 IHITHX €KOMOTTYHUX YHHHUKIB |2, 4].
Bpaxosyioun Te, Mo WOHH METANIB MOXKYTh NPOHUKATH 3 BOOW B OPraHi3M pud 1 3MIHIOBATH
COPSIMOBAHICTh 0AaraTh0X OOMIHHUX MPOLIECCIB [5], MPeaAMETOM I[OTO AOCIIKCHHS CTAJI0 BUBUYCHHS
y4YacTl MmgiB MITOXOHAPIH FeHCTOLMTIB KOPOMA 1 MYKH (BlAMNOBIJHO, NPSACTABHUKA MUPOIFOOUBHUX
pub Ta xmwkaka) B ajanramii iX opraHiamy g0 Aii HWOHIB LUHKY 1 KaaMil0 (SCCHIIATBHOTO Ta
TOKCHYHOTO METAJIy) MEXaHI3M HAAXOKCHHS SKUX B opraHiam pud € moxioaum [12]. Takox 1
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