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EFFECT OF DIFFERENT DISINFECTANTS AGAINST BIOFILM
BACTERIA

ANCA FARKAS'™, BRINDUSA BOCOS?,
MIHAIL DRAGAN BULARDA' and CORNELIA CRACIUNAS'

SUMMARY. Drinking water biofilms represent a potential reservoir for water
contamination. The biofilm mode of life provides multiple advantages for its
inhabitants, including specific mechanisms of resistance against antimicrobials.
The aim of the present study is to assess the effect of several disinfectants on
biofilm consortia. The experiment was set in order to address the most stringent
issues in drinking water systems: biofilms resilience, microbial diversity and
bacterial resistance. Four chlorine-based agents commonly used in drinking water
treatment (sodium dichloroisocyanurate, sodium hypochlorite, chloramine-T and
chlorine dioxide) and one mixed cleaning agent (containing sulphamic acid,
hydrochloric acid, hydrogen peroxide and acetic acid) were tested for their
antibacterial properties. The assessment of disinfectants’ efficacy on a wide
variety of bacteria brings novel outcomes. The average log reduction values
(LRV) indicated the mixed cleaning agent as the most efficient product in
bacterial inactivation (LRV = 3.673), followed by sodium dichloroisocyanurate
(LRV = 1.122), sodium hypochlorite (LRV = 0.979), chloramine-T (LRV =
0.885) and chlorine dioxide (LRV = 0.657).

Keywords: biofilm bacteria, chlorine-based disinfectants, drinking water, mixed
cleaning agents.

Introduction

Drinking water safety is the priority of both the professionals in drinking
water industry as well as of the public health authorities. Although waterborne
diseases occur rarely in developed countries, outbreaks with public health risks were
reported in the near past due to malfunctioning of drinking water treatment plants and
distribution networks, which failed to maintain an adequate level of disinfectant to
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prevent the growth of pathogens and/or harboured the pathogens (Simdes and
Simdes, 2013). The assessment of treatment efficiency in drinking water treatment
plants is accomplished by routine monitoring of inlet and outlet bulk fluids.
Microbiological monitoring is based on the wvalues of planktonic bacteria:
heterotrophic plate counts (HPC) and faecal indicators (coliform bacteria, Escherichia
coli, intestinal enterococci and Clostridium perfringens). HPC offers general and
unspecific information on the water microbiota. The presence of faecal indicators
warns of microbial contamination with pathogenic bacteria, viruses or protozoa.
However, multispecies biofilms proved to be the main mode of bacterial organisation
in aquatic environments (Costerton et al., 1987). A dynamic exchange of individuals
occurs between the attached and planktonic state. The biofilm mode of life provides
multiple advantages for its inhabitants, including specific mechanisms of resistance
against antimicrobials: slow penetration of disinfectant, stress response defence,
metabolic gradients and the presence of persister cells (Chambless et al., 2006).
Drinking water-associated biofilms may harbour pathogenic species, thus
representing a potential reservoir for water contamination (Szewzyk et al., 2000;
Wingender and Flemming, 2011; Farkas et al., 2012).

In order to overcome the microbiological hazards in drinking water, a
number of successive treatment procedures are generally used. Current practices
involve multiple barriers to remove raw water pollution and to control bacterial
regrowth in distribution systems (Butiuc-Keul, 2014). Chemical disinfection is
considered the essential and most direct treatment to inactivate or destroy pathogenic
and other microbes in drinking water (Sobsey, 2002). In Europe, it often consists in
pretreatment oxidation, primary disinfection and secondary inactivation. While the
first two procedures target the optimal removal of raw water contaminants, the last
one aims to restrict microbial growth in drinking water distribution systems by
maintaining disinfectant residuals at certain levels. Technical barriers (coagulation-
flocculation, precipitation, adsorption and filtration) are also designed to modify
chemical and physical properties. Such treatments result in assimilable organic carbon
reducing, rather than pathogen elimination (Stanfield ez al., 2003). However, nutrient
limitation in bulk water restricts microbial multiplication.

Chemical disinfection procedures are designed based on the type (surface or
groundwater) and the quality of the source (LeChevallier and Au, 2004), using
gaseous chlorine, monochloramine, chlorine dioxide, ozone, as well as UV
irradiation. Chlorination is traditionally applied in drinking water treatment,
especially as primary disinfection. Gaseous chlorine is either used for shock
chlorination, or dosed as a residual disinfectant. A disadvantage of chemical treatment
is the release of trihalometanes (THM) and of other halogenated disinfection
by-products (DBP). However, the risks to human health from DBP are extremely
small in comparison with the risks associated with inadequate disinfection.
By-product formation may be controlled by treatment process optimization (WHO,
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2008). The poor efficacy of residual chlorine disinfectant in drinking water to
inactivate waterborne pathogens in distribution systems has been observed previously
(Payment, 1999). Alternative agents available to water systems exceeding drinking
water standards in DBP precursors removal include chlorine dioxide and
monochloramines. While chlorine dioxide is increasingly used as either primary or
secondary disinfectant, monochloramine is recommended and used as secondary
disinfectant only, due to its longer persistence and biofilm penetration (WHO, 2000;
LeChevallier and Au, 2004).

The present study investigates the bactericide and bacteriostatic effect of five
solutions against biofilm consortia. The experiment was set in order to adress the
most stringent issues in drinking water systems: biofilms resilience, microbial
diversity and bacterial resistance. Antimicrobial substances commonly used in water
industry as well as commercially available products recommended for water
disinfection were chosen to be tested. The aim of the paper is to compare the bacterial
inactivation performance of conventional chlorine-based disinfectants with the
antimicrobial efficiency of a mixed cleaning agent. The hypothesis to be tested is that
an innovative solution to be used for drinking water systems cleaning and disinfection
should have bactericidal effects and also be capable to disintegrate the biofilm matrix.

Materials and methods

Sampling

In order to obtain mature and structured biofilms, polypropylene coupons
with a surface area of 60 ¢cm? were immersed for 90 days (Boe Hansen ef al., 2002;
Martiny et al., 2003) in the settling step of a drinking water facility in Clyj (Fig. 1).

The raw water is abstracted from Tarnita Lake, falling within Al quality
category (Farkas et al., 2011). During the biofilm growth, the average values for few
physico-chemical parameters were recorded, as following: temperature 10.8 °C,
turbidity 1.52 NTU, pH 7.35, organic substances 2.32 mg/L, dissolved oxygen 10.16
mg/L, total organic compounds 2.64 mg/L, ammonium 0.04 mg/L, nitrites 0.015
mg/L and nitrates 2.78 mg/L.

Disinfection procedure

The polypropylene coupons containing the 90-day-old biofilms were
collected and transported to laboratory. All laboratory procedures were performed in
sterile conditions. Five biofilm coupons were exposed to disinfectant solutions, while
a control coupon was kept in sterile raw water, for two hours. Three chlorine
compounds-generating reagents (sodium dichloroisocyanurate, sodium hypochlorite
and chloramine-T), one chlorine dioxide-generating product and one mixed cleaning
agent (containing hydrochloric acid, sulphamic acid and hydrogen peroxide) were
tested for their antibacterial properties (Table 1). Disinfectant solutions were
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prepared in sterile raw water, based on laboratory or commercially available
products, as shown in Table 1. Solid compounds (Clorom, Chloramine-T tablets)
were dissolved in sterile raw water. Liquid reagents (sodium hypochlorite) were
diluted in sterile raw water. Aliquots of stock solutions were diluted in sterile raw
water up to a concentration of 1.1mg/L free chlorine/chloramine (SR EN ISO 7393-
1/2002) and of 1.1mg/L chlorine dioxide. Chlorine dioxide was generated by mixing
the precursors delivered in kits, as per manufacturers’ instructions. The mixed
cleaning agent Floran was prepared using three solutions delivered by the producer:
Topix, Filtrasan and Oxis.

Chlorine and chloramine consumptions were measured after disinfection.
Disinfectant residuals were inactivated by the addition of 0.5% sodium thiosulphate
solution (SR EN ISO 19458/2007).

Table 1.
Disinfectants tested for their antibacterial effect on drinking water biofilms
Active components Commercial name Producer
Sodium dichloroisocyanurate Clorom G&M, Romania
Sodium hypochlorite Sodlgm ipposileie Penta, Czech Republic
solution

N-chloro-p-toluene sulphonamide Chloramine-T Sintofarm, Romania

. .. . . TwinOxide,
Chlorine dioxide TwinOxide Netherlands
Topix 40% vol: sulphamic acid,
phosphatidic acid;
Filtrasan 40% vol: hydrochloric acid,
sodium triphosphate, lactic acid, ascorbic ~ Floran Mosslein, Germany
acid;

Oxis 20% vol: hydrogen peroxide,
acetic acid, peracetic acid.

Biofilm analyses

Biomass was harvested from each coupon and 7 g biofilm were
homogenized. Two subsamples of 1 g weight each were further used for preparing
the stock suspensions. Two series of dilutions up to 10” (control biofilm) and 10
(disinfected biofilm) were prepared from each subsample (SR EN ISO 6887-1/
2002).

Different culture media, specific for the fourteen types of bacteria targeted
were inoculated with three to five successive dilutions. Viable and cultivable
heterotrophic bacteria, faecal indicators, opportunistic pathogens, bacteria involved
in nitrogen and sulphur cycling together with iron and manganese bacteria were
estimated per gram of biofilm.
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HPCs were enumerated in R2A Agar, after 7 days incubation at 22°C (SR
EN ISO 6222/2004). The presence of opportunistic pathogens (Aeromonas
hydrophila and Pseudomonas aeruginosa) and of faecal indicators (Escherichia coli,
intestinal enterococci, Clostridium perfringens) was assessed by membrane filtration,
as described by available standard methods.

b
- s JB
e s\ v

Figure 1. The drinking water treatment plant of Cluj with the position of the immersed
polypropylene coupons. M — microstraining; P — prechlorination; R — reagents addition
for coagulation and flocculation; C — clarification; F — rapid sand filtration;

D - final disinfection by chlorination; L — laboratory.

The incidence of A. hydrophila in biofilm samples was measured by
inoculation in Ryan’s agar. Further confirmatory testing was applied to the colonies
that were positive for oxidase, able to ferment trehalose, indole producing and
resistant to vibriostatic agent 0129 (2,4-diamino-6,7-diisopropyl pteridine) (HPA
W9, US EPA 1605). P. aeruginosa was cultured on cetrimide agar, counting the
fluorescent, oxidase-positive colonies (HPA W6, SR EN ISO 16266/2008). Typical
yellow colonies with yellow discoloration developed on Chapman Agar were
considered E. coli if oxidase-negative and indole positive (SR EN ISO 9308-2/1990).
Red to brown colonies on Slanetz and Bartley Agar were enumerated as enterococci
if able to produce bile aesculin hydrolysis (SR EN ISO 7899-2/2002). Presumptive
colonies of C. perfringens were detected on mCP agar, if turned pink to purple after
exposure to ammonium hydroxide (Council Directive 98/83/EEC).
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Specific growth media were prepared for diverse physiological groups of
bacteria, estimated by the most probable number method (Farkas et al., 2013).
Ammonifying bacteria grown in Peptone Broth supplemented with mineral salts and
red phenol were detected by the addition of Nessler reagent. Denitrifying bacteria
cultured in Allen Broth were able to produce gaseous nitrogen and nitrogen oxides.
Peptone medium, as well as Oppenheimer and Gunkel Broth, Starkey Broth and
Postgate Broth were used for the recovery of bacteria involved in sulphur cycling,
based on their ability to produce hydrogen sulphide (sulphur reducing bacteria), to
precipitate sulphide and iron salts (sulphate reducing bacteria) or to generate sulphur
deposits (sulphur oxidizers). Iron reducing bacteria were detected in Ottow’s culture
medium, recognized by the pink staining of the bivalent iron ions resulted from Fe**
reduction with a-a-dipiridil. Manganese bacteria were grown in modified Manganese
Agar and stained with leucoberbelin blue.

Statistics

The experimental procedure was performed in duplicate. Descriptive
analyses including average, mean and standard deviation were calculated. Statistical
significance testing was performed to assess the differences between data obtained in
the two series of biofilm suspensions. Student test was carried out to verify whether
the differences in the two series of biofilm suspensions were significant. Because of
the limited replications, Wilcoxon rank-sum test was run for each parameter
separately. Microsoft Office Excel and Wessa Statistics Software (Holliday, 2012)
were used.

The efficiency of each disinfectant was assessed based on the log reduction
value (LRV) for each type of bacteria (Hamilton, 2010), based on Eq. (1):

LRV =1og10 (viable bacteria in control / viable bacteria in disinfected biofilm)

(1)

Results and discussion

Viable and cultivable HPC, opportunistic pathogens, faecal indicators,
bacteria involved in nitrogen cycling, iron and manganese bacteria and bacteria
involved in sulphur cycling were measured in control and in disinfected biofilms
(Fig. 2). This is the first extensive research on such a wide variety of bacteria.
Previously, the antimicrobial effect of different types of disinfectants was assessed
mostly on HPC and faecal indicators, especially E. coli (LeChevallier et al., 1988;
Gagnon et al., 2005; Volk et al., 2010; Kephart and Stoeckel, 2011).

A similar eficacy in reducing bacterial growth was observed in biofilms
treated with sodium dichloroisocyanurate and sodium hypochlorite. Differences were
observed in their action against opportunistic pathogens and sulphur bacteria.

10
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Sodium dichloroisocyanurate proved to better inactivate aecromonads, pseudomonads
and Clostridium. It also reduced the viability of sulphur reducers to a greater extent,
compared to sodium hypochlorite, while the last registered a higher antibacterial
effect against sulphur oxidizers.

When added to water, sodium dichloroisocyanurate rapidly hydrolyses to
release free available chlorine and establishes a complex series of equilibria
involving six chlorinated and four non-chlorinated isocyanurates (Kuznesov, 2004).
The overall hydrolysis reaction can be considered as (Eq. 2):

C3N303C12Na + 2H20 g C3N3O3H2Na + 2HOCI1 (2)

The antimicrobial effect of chlorine in water is based on its products of
dissociation, hypoclorous acid (HOCI) and hypoclorite ions (OCI-), where act as
oxidants. They can remove or assist in the removal of some chemicals: pesticides,
manganese (1), iron (II), arsenite, hydrogen sulphide, sulphite, bromide, iodide, and
nitrite (WHO, 2000; 2003; 2007).

Cl,+ H,0 >HOCI+H" + CI 3)
HOCl < H" + OCI 4)

Sodium hypochlorite disinfection is also based on the action of hypochlorite
ions resulted from hypochlorous acid dissociation:

NaOCl + H,0 & HOCI + Na* + OH' (5)

When wusing sodium dichloroisocyanurate in water disinfection,
hypochlorous acid is consumed into an oxidation reaction with organic material,
while chloroisocyanurates function as reservoir chlorine, rapidly dissociating to
release more HOC1 (WHO, 2007). This may explain the higher efficiency of sodium
dichloroisocyanurate in biofilm bacteria inactivation, when compared with sodium
hypochlorite.

Chloramine-T and chlorine dioxide had similar effects against biofilm
bacteria, with one major exception. Intestinal enterococci displayed an increased
resistance to chlorine dioxide, while no enterococcal growth was observed in any
other disinfected sample. Chlorine dioxide was the second most efficient solution
against E. coli bacteria, after Floran mixed cleaning agent.

Chloramine-T used in this experiment is an organic chloramine, different
than generic chloramine resulted from the combination of chlorine with ammonia. In
water, chloramine-T, as a sodium salt of chlorinated arylsulphonamide, dissociates to
yield hypochlorite and the sulphonamide moiety. It is therefore used as a mild
disinfectant and a biocide.

CH;-C¢H,-SO,NCINa + H,0 «» CH;3-C¢H,-SO,NH, + OCl' + Na”™ (6)

11
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Chlorine dioxide is a powerful oxidizing agent that dissolves in water,
decomposing with the slow formation of chlorite and chlorate:

- - +
2C10, + H,0 = ClO; + ClOs + 2H (7)
mE coli
9 - .
103 WHPC ®Aeromonas spp. 0 Pseudomonas spp. 107 - = ntestinal enterococd
10° 1 OC. perfringens
£ 107 = 10*
105 Z
= 107 'g 103-
o i =
2 10t F
‘= . 2102
= 10*_ ERTE
10
1 1 m = T T T T
A. Contol 1 2 3 4 5 B. Control 1 2 3 4 5
10%, B Ammonifying bacteria 108 BIron reducing bacteria
108 ODenitrifying bacteria 1074 OManganese oxidizing bacteria
1074 g 1064
E 108 2 05
= 10% = 1077
= 1 = 104
= 10t = o
£ 107 5 107
@ = -
< 102 E 107
< 10 | 10 7
1| J
C ool 1 2 3 4 5 D. * contol 1 2 3 4 5
106 M Sulphur reducing
A aerobes
10° M Sulphur reducing
104 anaerobes
£ § .
= = Sulphate reducing
102 | bacteria
En 102 OSulphur oxidizers
s 10
1
E. Control 1 2 3 4 5

Figure 2. Comparative colony counts in control biofilm and in disinfected biofilms after
applying: 1 — sodium dichloroisocyanurate; 2 — sodium hypochlorite; 3 — chloramine-T;
4 — chlorine dioxide; 5 — Floran. A — HPC and opportunistic pathogens; B — faecal indicators;
C — bacteria involved in nitrogen cycling; D — iron and manganese bacteria;
E — bacteria involved in sulphur cycling

12



DISINFECTION OF BIOFILM BACTERIA

In drinking water, 50-70% of chlorine dioxide is converted to chlorite and
30% to chlorate and chloride (Werdehoff and Singer, 1987). It can be involved in a
variety of redox reactions, such as the oxidation of iodide, sulphide, iron (II) and
manganese (II) ions (WHO, 2000).

Chloramine-T solution was observed to be the only disinfectant with
antimicrobial effect against denitrifying bacteria. It had no inhibitory action against
sulphate reducing bacteria (SRB). Rather the contrary, an increment in sulphate
reduction occurred within the biofilms exposed for two hours in 1.1 mg / L
chloramine-T solution. Such results may explain the enhanced corrosion rates in pipe
surfaces when applying chloramine-T disinfection, SRB being recognised as one
important physiological group of bacteria involved in biocorrosion (Beech and
Flemming, 2000; Coetser and Cloete, 2005). Sungur et al. (2010) also found
chloramine (1.5 ppm, for 3 hours) to be efficient in HPC reduction in water and
biofilms, as well as in planktonic SRB inactivation, but significantly ineffective
against SRB in biofilms.

A p-value < 0.05 was considered to indicate that data obtained from two
series of biofilm suspensions were significantly different. Student’s test showed that
no significant differences registered between the means of bacterial populations in
the two subsamples of control, as well as in disinfected biofilms. Wilcoxon test
revealed the absence of any significant difference for 13 of the 14 parameters
investigated. Significant differences in the two series of biofilm suspensions (p-value
< 0.05) occurred in the case of manganese bacteria (Table 2).

Residual chlorine concentrations after two hours disinfection are presented in
Table 3. Sodium hypochlorite was the most rapidly consumed (residual 0.15 mg / L),
while chloramite-T dissociated slowly (residual 0.8 mg / L). Chlorine dioxide proved
to be able to persist longer, when compared with sodium dichloroisocyanurate and
sodium hypochlorite.

No cells of aeromonads, pseudomonads, faecal indicators, denitrifiers,
sulphur and sulphate reducing bacteria were recovered from biofilms treated with the
mixed cleaning agent Floran. Recommended by the manufacturer for biofilms
control in drinking water systems, Floran proved a high efficiency in bacterial
inactivation. The performance of Mosslein cleaning solutions was tested previously
in the drinking water treatment plant of Voila. Effects such as biofilm removal and
sand filters conditioning were observed (Niculaie et al., 2010).

Based on the average log reduction values of all bacterial types, the most
effective disinfection in present investigation was achieved by the use of the mixed
cleaning agent Floran (LRV = 3.673), followed by sodium dichloroisocyanurate
(LRV = 1.122), sodium hypochlorite (LRV = 0.979), chloramine-T (LRV = 0.885)
and chlorine dioxide (LRV = 0.657). As it can be seen in Table 4, of the five
disinfectants tested, Floran was the most powerful agent in inactivating biofilm
bacteria. It was able to reduce microbial viability in a percentage range from 96.66%
(LRV =1.477) t0 99.99994% (LRV = 6.227).

13
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Other studies on the comparative efficiency of disinfectants, targeting an
inactivation of 99% (2 log) for planktonic HPC and E. coli, indicated the following
ranking: hypochlorous acid followed by chlorine dioxide, hypochlorite ion and
monochloramine (LeChevallier ef al., 1988; LeChevallier and Au, 2004).

Table 2.
Bacterial counts and standard deviations in control and disinfected biofilms.
1 — sodium dichloroisocyanurate; 2 — sodium hypochlorite; 3 — chloramine-T;
4 — chlorine dioxide; 5 — Floran. I, II — replicates. In rows — p-values for
Wilcoxon test, assessing significant differences for each parameter, in replicates.
In columns — p-values for Student’s test, assessing significant differences
for the 14 parameters in the two series of biofilm suspensions.

Wilcoxon test,

Type of bacteria Sample Control 1 2 3 4 5 p-value
I 28272727 3214348 4307878 3398919 2420760 856 0.5887
HPC I 26818181 2704894 3908485 3091989 1879543 798
SD 1028519 360238 282413 217032 382698 41 -
I 127272 24000 75000 33235 33300 0 05211
A. hydrophila I 83692 11240 45120 24600 12100 0
SD 30815 9022 21128 6105 14990 0 -
I 633333 75000 454000 496000 400000 0 02615
P. aeruginosa I 340000 33000 250000 420000 102000 0
SD 207417 29698 144249 53740 210717 0 -
I 1700 490 460 950 330 0
. 0.7393
E. coli I 800 800 800 800 800 0
SD 636 219 240 106 332 0 -
I 3000 0 0 0 1200 0
. . 0.7750
Intestinal enterococci 1T 1040 0 0 0 800 0
SD 1385 0 0 0 282 0 -
I 43540 2500 5500 3950 5820 0
C. perfringens I 23166 3520 6520 2050 2200 0 06303
SD 14406 721 721 1343 2559 0 -
I 5400000 1800000 1800000 1800000 1800000 55 02442
Amonifying bacteria I 80000000 36000 36000 36000 36000 55
SD  234608441247336 1247336 1247336 1247336 0 -
I 36 54 54 18 60 0
. . 0.0533
Denitrifying bacteria 1T 280 340 420 180 280 0
SD 172 202 258 114 155 0 -
rom reducin I 470000 3600 3600 3600 3600 330 0.0869
bacteria e I 18000000 45000 54000 920000 1800000 430
SD 12395581 29274 35638 647992 1270246 71 -
I 35455 9090 11364 15455 12273 290
Manganese oxidizing 3000 1100 700 1900 2400 164 00411

bacteria
SD 22949 5649 7540 9584 6981 89 -
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Table 2. continued

) 1 1700 340 640 330 790 0
Sulphur reducing 11 970 330 520 330 620 0 06279
aerobes
SD 516 7 84 0 120 0 -
) I 110 20 20 20 60 0
Sulphur reducing I 45 0 36 0 13 0 0.2504
anaerobes
SD 45 14 11 14 29 0 -
I 20 45 45 60 20 0
Sulphate reducing I 20 0 0 18 0 0 0.0552
bacteria
SD 14 31 31 29 14 0 -
o I 430000 6400 1240 32000 32000 20 0.1481
Sulphur oxidizing I 4700 2600 600 680 1400 20 '
bacteria
SD 300732 2687 452 22146 21637 0 -
Student’s test p-value  0.2959 02234  0.2067 0.5429 0.7500  0.6409

No evidence of a direct correlation between chlorine consumption and the
average LRV was found in the present experiment.

Previous studies assessing the effectiveness of chlorine dioxide as a
disinfectant on planktonic bacteria in sewage systems indicated LRV ranging from
4.06 to 6.57 CFU/100ml (Kephart and Stoeckel, 2011). Ozone plus chlorine dioxide
disinfection revealed LRV greater than 5 in removal of planktonic C. perfringens
(Payment and Franco, 1993). In the present study, the action of chlorine-based agents
resulted in C. perfringens log inactivation from 1.046 to 0.744 (91% to 81.98%),
while Floran solution was able to reduce the active Clostridium cells with 99.997%
(LRV =4.523).

Even if chlorine dioxide was the most efficient chlorine-based disinfectant
against heterotrophic bacteria (LRV = 1.108), as well as against E. coli (LRV =
0.345), its overall inhibitory effect against the fourteen types of bacteria was weaker
than expected. Previous research studies reported a log-inactivation of 1.6-1.8 for
suspended cells and just less than 1 log inactivation of biofilm heterotrophs (at a low
concentration of 0.25mg/l, for 12 weeks) (Gagnon et al., 2005). It is possible that
longer contact time to be needed in order to achieve a more effective disinfection.

Table 3.
Chlorine residuals after two hours disinfection

Disinfectant mg /L
Sodium dichloroisocyanurate 0.3
Sodium hypochlorite 0.15
Chloramine-T 0.8
Chlorine dioxide 0.6
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Table 4.
Log reduction values in biofilm bacteria disinfected with:
1 — sodium dichloroisocyanurate; 2 — sodium hypochlorite; 3 — chloramine-T;
4 — chlorine dioxide; 5 — Floran solutions

Log reduction value (bacteria/g of biofilm)

Type of bacteria p 5 3 4 5

HPC 0.969 0.826 0.929 1.108 4.523
A. hydrophila 0.777 0.245 0.562 0.667 5.023
P. aeruginosa 0.955 0.141 0.026 0.288 5.687
E. coli 0.287 0.298 0.155 0.345 3.097
Intestinal enterococci 3.305 3.305 3.305 0.305 3.305
C. perfringens 1.045 0.744 1.046 0.920 4.523
Ammonifying bacteria 2.004 2.004 2.004 2.004 6.227
Denitrifying bacteria -0.096 -0.176 0.203 -0.032 2.199
Iron reducing bacteria 2.580 2.506 1.301 1.010 4.386
]ﬁz?e%?:“e oxidizing 0.577 0.503 0.346 0.418 1.928
Sulphur reducing aerobes 0.600 0.362 0.607 0.277 3.125
Sulphur reducing anaerobes 0.889 0.442 0.889 0.298 1.889
Sulphate reducing bacteria 0.125 0.125 -0.114 0.477 1.477
Sulphur oxidizing bacteria 1.684 2.373 1.124 1.114 4.036
Average LRV 1.122 0.979 0.885 0.657 3.673

When comparing results of similar investigations, realized on planktonic
cells, to disinfectants efficacy on attached bacteria, as revealed by the present study,
biofilm organization proves its protective features. The reduced antimicrobial
impacts may be explained by slow penetration of disinfectants into the biofilm
matrix. A direct measurement by the use of microelectrodes showed that chlorine
concentrations in biofilms were typically only 20% or less of the concentration in the
bulk liquid (de Beer ef al., 1994). Another explanation resides in the possibility of
sublethal antimicrobial dosage, which may result in adaptative stress responses
within the bacterial cells. Injured bacteria may react through a series of cellular repair
and response mechanisms. The effects in terms of public health risks include the
emergence of resistant variants, pathogens exhibiting enhanced virulence and
bacteria entering the viable but nonculturable state (Wesche et al., 2009).
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With respect to the increments in the recovery of denitrifying bacteria from
biofilms exposed to chlorine-based agents and the enhanced sulphate reduction
activity registered in biofilms treated with chloramine-T, we consider they may
represent hormetic effects. Hormesis, a familiar term in toxicology, is a biphasic
dose-response phenomenon characterized by a low-dose stimulation and a high-dose
inhibition (Calabrese, 2008; Kaplan, 2011).

Therefore, drinking water treatment strategies should consider both the
lower susceptibility of biofilm bacteria to disinfectants and the increased resistance
of detached cells (Steed and Falkinham, 2006), which can survive and adhere to
other surfaces to initiate biofilm formation downstream. Removal of deposits from
the distribution systems also contributes to drinking water quality improvement
(Lehtola et al., 2004).

The mixed cleaning agent Floran demonstrated not just a
bactericidal/bacteriostatic effect, but it was able to disintegrate the whole biofilm
structure. As known, the efficient cleaning and disinfection implies not only killing
the cells within the biofilm, but also disintegration of the biofilm matrix, so that the
biofilm can be completely removed from the surface. Any leftover organic material
provides nutrients that facilitate the rapid formation of a new biofilm (Wirtanen et
al., 2002; Luppens et al., 2003).

Selection of the appropriate procedures in order to achieve drinking water
safety is essential, since biofilm recovery after inefficient treatment could lead to
populations of resistant bacteria, which may be recalcitrant to subsequent disinfection
process (Simodes et al, 2004). To achieve efficient disinfection by the use of
chlorine-based disinfectants, mechanical removal of biofilms prior to water
disinfection is recommended. Also, investigations about the composition of
microbial consortia and the physiological activities in the associated biofilms should
be considered, due to the specificity of metabolic interactions between bacteria with
different physiological requirements (Farkas et al., 2013).

Conclusions

After two hours exposure to disinfectant solutions based on the commonly
used and commercially available chlorine-based products, in the recommended
concentrations, significant numbers of bacteria were able to survive in drinking water
biofilms.

None of the chlorine-based antimicrobials tested were able to completely
inactivate the opportunistic pathogens or faecal bacteria embedded in biofilms.
Moreover, increments in rates of sulphate reduction or in denitrification occurred in
biofilms after applying chlorine-based disinfectants. Such aspects are important,
considering the role of biofilms in biocorrosion.
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The use of mixed cleaning agents proved to be the most efficient procedure
for the inactivation of bacterial populations in drinking water associated biofilms.
The maximum antimicrobial effect was achieved in biofilms treated with Floran
(LRV = 3.673). Neither opportunistic pathogens nor faecal bacteria were viable in
biofilms after treatment and the biofilm matrix was disintegrated.
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EFFECTS OF MICROAEROBIOSIS ON PHOTOSYNTHESIS
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SUMMARY. In this study the effect of microaerobiosis on photochemical
activity in the cyanobacterium Synechococcus sp. PCC 7002 is presented, by
measuring chlorophyll fluorescence. Microaerobiosis was achieved by argon
bubbling for 120 minutes, with samples being taken in four specific time periods.

In vitro measurements of absorption showed dominancy in chlorophyll a
and the presence of carotenoids. Maximum fluorescence Fm decreased after 15
minutes of exposure to argon bubbling. Decline of Fm attests the large number of
closed reaction centers, as well as plastoquinone reduction and growth of
fluorescence emission. Variable fluorescence, expressing the difference between
Fm and FO, showed positive values compared to the control, except after 60
minutes of argon treatment. Maximal quantum yield (Fv/Fm) of PS II
photosynthesis was weakly stimulated by the argon treatment, except at 60
minutes of argon effect when negative values were observed. The coefficients of
photochemical quenching, qP and qL, were maintained at higher values, except
when 30 minute exposure to argon treatment.

By exposure to argon, the Pm signal was high in the first 30 minutes,
followed by a significant decrease towards the end of the stress treatment
suggesting a decrease in the reduction state of P700 reaction center compared to
oxidized state. Moreover, effective PS 1 photochemical quantum yield Y(I)
dropped significantly in the first 30 minute compared to the control. The decrease
in quantum yield Y(I) reveals decreased reduction state due to the lack of
limitation by the acceptor, respectively, decrease in photochemical energy
conversion in PS 1. The interchange of oxidative/reduced state of the
plastoquinone nuclei was revealed in the kinetics of the chlorophyll fluorescence
induction by pulse saturation in control. Fluorescence kinetics showed on the
logarithmic scale revealed important modifications in I — P spectrum due to
reduction of the plastoquinone nuclei.

Keywords: Cyanobacteria, fluorescence, microaerobiosis, photosynthesis,
Synechococcus.
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Introduction

Cyanobacteria are among the very few groups of bacteria that can perform
oxygenic photosynthesis and their photochemical reactions are similar to those of
superior plants (Bryant, 1987). They have three types of antenna systems: chlorophyll
antenna system associated with photosystems PS I and PS II of the thylakoid
membrane and an external antenna complex comprised of phycobilisomes that are
attached to PS II and PS I (Gant, 1975; 1981; Glazer, 1982; 1985; Mondori and Melis,
1986). The components of the phycobilisome are the phycobiliproteins that are
responsible for the blue-green pigmentation, that have an absorption spectra of 470-650
nm, while the chlorophyll complex can absorb the light at 430-440 and 670-680 nm.
This separation of the absorption bands allows analysis of the relative contribution of
phycobiliproteins and chlorophyll a to the action spectrum of PS I and PS II (Wang
et al., 1977; Butler, 1978; Diner, 1979).

The main environmental factors affecting the photosynthesis in cyanobacteria
are: temperature, light intensity, UV light, drought and salinity, temperature being the
major factor that controls this process. By decreasing the temperature the photosynthetic
electron transport and carbon fixation is limited and this can induce a reduction in the
ability to convert light. The accumulation of light energy leads to the damage of the
photosystem PS II and photoinhibition, making it the most thermolabile aspect of the
photosynthetic complex (Davison, 1991; Zak and Pakrasi, 2000). Stoichiometry of
the photosynthetic apparatus and phycobilisomes is regulated by both light and
temperature (enzyme phosphorylation, electron transport and plastoquinone diffusion),
although the initial photochemical reactions are independent of temperature (Davison,
1991; Miskiewicz et al., 2002; Murakami, 1997). Photosynthetic acclimatization to
low temperatures mimics the mechanism of acclimatization to high light (Campbell
et al., 1995).

Cyanobacteria rely on their ability to sense the action of these external
factors and to use their ability to adjust morphologically, physiologically and
molecularly which give rise to acclimatization to environmental changes (Huner
et al., 1996; 1998). Photosynthetic acclimatization is not due to temperature rise or
irradiation, but rather is due to the interaction of these factors (Kohler et al., 2005;
Miskiewicz et al., 2000; Nicklisch et al., 2008; Wieland and Kiihl, 2000). The direct
effects of temperature act synergistically with other environmental factors (Robarts
and Zohary, 1987; Bhogavalli et al., 2012).

Several studies show that cyanobacteria have a large spectrum of adaptive
strategies (Tang and Vincent, 1999): 1. — tend to have a low photosynthetic capacity
at decreased temperatures due to depressed Rubisco activity. 2 — decreased number
of chlorophylls and pigments in the light-harvesting complex. Low temperatures can
lead to a decrease in the chlorophyll levels (Young, 1993), although carotenoid levels
can remain intact because of the photoinhibition (Falk et al., 1990; Davison, 1991;
Krause, 1993). Carotenoids can act as a protective screen which blocks the harmful
effect of high light at these lowered temperatures (Krause, 1993).
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The process of light absorption in cyanobacteria takes place in phycobilisomes
and photosystems PS I and PS II (Glazer, 1989; Bryant, 1995; van Thor et al., 1998).
The light-harvesting antenna of cyanobacteria does not contain chlorophyll.
Phycobilisomes have a central core, mainly composed of the phycobiliproteins:
phycoerythrin, phycocyanin and allophycocyanin (Fig. 1). These are polypeptides
which contain phycocyanobilin in the form of trimer or hexamer complex. The
complex can be bound to the membrane surface of thylakoids (Arteni et al., 2009).

Phycoerythrin

Phycocyanin

Allophycocyanin

Central
pigment

PSII

Figure 1. Structural model of a hemidiscoidal phycobilisome (A) and
a hemispherical phycobilisome (B) (Gantt, 1986)

Resonance energy transfer from phycocyanin to allophycocyanin is a Forster
type energy transfer that has a rate of 45-120 ps. Other investigations targeted the
phycobilisome of PS II or PS I (Harnischfeger and Codd, 1978; Mimuro and Fujita,
1978; Kawamura et al, 1979; Redlinger and Gantt, 1982; Ley, 1984), and by
measurements of static electricity they concluded values of us (Holzwarth et al.,
1990; van Thor et al, 1998). The central core pigments have a very efficient
resonance energy transfer chain with a yield of over 95% (Glazer, 1989). Phycobilins
that form the phycobilisomes have a high fluorescence.

The basic aspects of photosynthetic light-harvesting and electron transport
can be measured in a fast and non-invasive way by analyzing the chlorophyll
fluorescence. The photosynthetic system of cyanobacteria is a link between metabolic
processes (iron, nitrogen and carbon fixation), therefore chlorophyll fluorescence
signals can provide fast and real-time information about photosynthesis and all
phases of acclimatization.
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Fluorescence analyses depend on the moment when a pigment absorbs a
photon of energy and enters a state of electronic excitation, this is followed by:
- photochemical reactions that take place in specific chlorophyll molecules of the
photosynthetic reaction centers, the excited electron of the pigment molecule enters
the electron transport chain; - heat dissipation that brings bag excited electrons to
their initial state by giving off heat; - excited energy transfer to surrounding pigment
molecules occurs in the light-harvesting antenna system; - fluorescent emission at a
wavelength similar to the photon absorbs initially. These are competing processes,
and changes in the fluorescence emission reflect in a corresponding way changes in
the competing deexcitation pathways. For every kind of pigment, fluorescence
emission levels rely upon concentration of the pigment, intensity of excitation light
and production of fluorescence or fluorescence emission efficiency (Campbell et al.,
1998). Chlorophyll associated with PS II has a different fluorescence emission from
that associated with PS I (Pfiindel, 1998). The amount of chlorophyll combined with
photosystems depends on the species, and its variability is induced by stress
(Riethman and Sherman, 1988; Straus, 1994; Falkowski and Raven, 1997; Boekema
etal, 2001).

After illumination, chlorophyll molecules in PS II get in an excited singlet
state (Chl a*). The energy resulted from the excited state is transferred to the reaction
center for its further utilization in photochemical charge separation and conversion to
chemical energy necessary in photosynthesis (photochemical) or can be dissipated as
heat (non-photochemical diminution) either it can be reemitted as fluorescence. The
sum of these energies is equivalent with the absorbed light energy. These three
processes compete with each other, thus fluorescence will be higher when less
energy is used in photochemical reactions or this energy is emitted in the form of
heat. By measuring the amount of chlorophyll fluorescence, the efficiency of
photochemical processes and of non-photochemical quenching can be determined
(Krause and Weis, 1991). The wavelength of emitted fluorescence is higher than the
wavelength of the absorbed light.

In the dark, all of the reaction centers are open, and the photochemical
processes are maximized, while fluorescence emission is very low (F0, fluorescence
in the absence of photosynthetic light) (Fig. 2). [llumination with strong light leads to
charge separation in the reaction centers, while electrons move toward the first
electron acceptor, QA. When QA is reduced, reaction centers are in a closed state,
and photochemical processes are in a transitional blocked state. Reaction centers are
closed because they are incapable of further electron accepting. Closing of the
reaction centers result in a reduced efficiency of photochemical processes and
increased fluorescence (van Kooten and Snel, 1990).
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Dark

Foi = Light

Figure 2. Model of pulse saturation method (adapted from Schreiber, 1986). Minimal and
maximal fluorescence, FO and Fm, measured on samples adapted to dark using modulated
measuring light ML and saturation pulse of light SP. If actinic light AC and a series
of saturation pluses is used for illumination F” and F'm can be reached.

When illumination is stopped F’0 can be obtained

Because photochemical production is minimal, fluorescence dissipation and
production are proportional, and fluorescence production of the closed centers is
noted Fm. As fluorescence production becomes proportional with the closed level of
PS II, opening of the reaction centers act as fluorescence reducers (quencher), process
noted with P (photochemical reduction) (Genty et al., 1989). qP values between 0-1
indicate the level of QA oxidation.

The difference between Fm (all QA reduced) and FO (all QA oxidized) is
called variable fluorescence Fv. Ratio between Fv/Fm is 0,65-0,80 for the samples
adapted to dark and shows the photochemical production in PS II. Productions can
vary with irradiation and physiological treatment. When the photosynthetic system is
exposed to light the decrease of maximal fluorescence occurs and F'm is obtained.
This phenomenon is called non-photochemical quenching NPQ, resulting in energy
dissipation as heat. This non-photochemical diminution is the opposite of
photochemical reactions and it is considered to be a protection valve against damages
caused by excess irradiation.

In cyanobacteria, PS I and phycobilisomes significantly contributes to the
fluorescence affecting the Fv/Fm parameter. Phycobiliproteins contribute to
fluorescence to by overlapping the emission of chlorophylls influencing FO
(Campbell et al., 1998; Cruz et al., 2005).

There is an inverse correlation between photochemistry and fluorescence
emission. Photochemistry and fluorescent photochemical quenching (qP) are
maximized when the reaction centers and PS II are open, while fluorescence is weak.
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When all reaction centers are closed, qP decreases, and also fluorescence reaches a
maximum level. Fluorescence is regulated by the oxidized state of the primary
acceptor QA. When QA is oxidized, minimum level of fluorescence is achieved,
while fluorescence reaches maximum level when QA is fully reduced (Bissati ef al.,
2000).

In this study we present the effects of microaerobiosis achieved with argon
bubbling, on photochemical activity of photosynthesis in the cyanobacterium
Synechococcus sp. PCC 7002.

Materials and methods

The wild type Synechococcus sp. strain PCC 7002 is maintained in the
Collection of Cyanobacteria and Algae of the Institute of Biological Research in Cluj-
Napoca, Romania. For this experiment, the cells were photoautotrophically grown in
flasks with A" medium (Stevens et al, 1973). Light was provided by cool-white
fluorescent lamps (250 pmol m > s'), while the standard growth temperature was
38°C, this value being maintained with a water bath within +1°C. The density of the
photon flux was measured using a QSPAR Quantum Sensor (Hansatech Instruments
Ltd, Norfolk, United Kingdom) light meter while cell growth was monitored by the
optical density at 550 nm (ODsso) with a model Shimadzu UV-1700 spectrophotometer
(Shimadzu Corporation, Kyoto, Japan).

Cells were grown for 5 days, until they reached exponential growth phase, and
then they were bubbled with argon in otherwise standard conditions for 120 minutes.

For monitoring PS I and PS II activity, chlorophyll fluorescence was measured
with a Waltz Dual-100 analyzer. Identification of assimilation pigments was based on
the maximum absorption peaks measured with a Jasco V-630 spectrophotometer, and
their concentration was determined according to Arnon (1949), Lichtenthaler and
Wellburn (1983).

Results and discussion

The Synechococcus sp. PCC 7002 culture had an optical density of ODgg =
1.166, given the density of biomass whose pigment components absorb light at 680
nm. In vivo absorption of cellular suspension revealed spectral regions of absorption
of photosynthetic apparatus components and main absorption peaks (Fig. 3).
Carotenoids absorb light in the blue range of spectrum (490 nm), chlorophyll a at 439
nm and in the red range of spectrum at 680 nm. The absorption spectrum of
phycobilins is at 631 nm. Summation of phycobiliproteins and chlorophyll a gives rise
to the ability of cyanobacteria to efficiently capture light (Mur et al., 1999). In vitro
measurements of absorption showed a dominancy in chlorophyll a (432, 664 nm) and
the presence of carotenoids (481 nm) (Fig. 3 B).
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Figure 3. The in vivo absorption spectrum (A), and pigment extract spectrum (B) in
Synechococcus sp. PCC 7002 grown under standard conditions

Assimilatory pigment contents were identified in Synechococcus sp. PCC
7002 and they are presented in Table 1. The photosynthetic apparatus in cyanobacteria
include chlorophyll a (665 nm), which together with different types of carotenoids and
phycobiliproteins form the light-harvesting unit. Pigment concentration was
determined at the initial control state, before the application of stress treatment.

Composition specificity in assimilation pigments and their concentration is
affected by the physiological development of cyanobacteria. Carotenoids can influence
the photosynthetic membrane stability having a role in regulation of photosynthetic
membrane dynamics (Szalontai et al., 2012).

Table 1.
Assimilating pigments measured in the control sample (mg/1)

Amount [mg/1] Anm
Chlorophyll a 5,714 665
Carotene 0,606 451
Zeaxanthin (+ Cryptoxanthin) 0,451 452
Total carotenoids 1,057
a/c 5,40

Evolution of chlorophyll fluorescence parameters in Synechococcus sp. PCC
7002 under the effects of argon treatment are presented in Fig. 4. Minimal
fluorescence yield Fy, decreased up to 94% after 120 minutes of exposure to argon.
Basal fluorescence yield show that the primary acceptor Q, is in oxidized form, and
RC II reaction center are opened, this is a state when photochemical process and use
of the excitation energy are maximized, also all redox components of PS II are
oxidized. Fy is the fluorescence emitted by chlorophyll molecules from the antenna
before excitation is transferred to the reaction center.
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By applying a saturation pulse, fluorescence rises from baseline to maximum
value Fm_ the primary electron acceptor of PS II becomes fully reduced, also
photochemistry is blocked and reaction centers are closed. Maximum fluorescence Fm
decreased after 15 minutes of exposure to argon bubbling. Decline of F,, attests the
increasing number of closed reaction centers, as well as plastoquinone reduction and
growth of fluorescence emission. Variable fluorescence, expressing the difference
between Fm and F,, showed positive values compared to the control, except after 60
minutes of argon treatment. Fy and Fm are emitted by the chlorophyll molecules from
the antenna (Krause and Weis, 1991). All reductions noted for opening and closing of
the reaction centers of PS II exhibits a functional imbalance. Decreased Fmyielded low
values for variable fluorescence Fv against the control.
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Figure 4. Evolution of chlorophyll fluorescence parameters in Synechococcus sp.
PCC 7002 under microoxic conditions

Maximal quantum yield (Fv/Fm) of PS II photosynthesis weakly stimulated by
the argon treatment, except at 60 minutes of argon effect when negative values were
observed compared with the control. Fv/Fm allows the determination of maximum
quantum Yyield (efficiency) of PS II photochemistry, or of the photosynthetic electron
transport. Final value recorded was 0.167 that represent 20% of the theoretical value,
respectively the proportion of photoinhibited reaction centers. Fv/Fm has a theoretical
value of 0.82 and indicates the maximum fraction of photons absorbed and used in
photochemical reactions. Values below 0.82 indicate the amount of photoinhibited PS
II reaction centers. Maximum production of fluorescence when all the centers are
closed represents only 3% of the light absorbed. When the centers are open,
fluorescence represents 0,6% (Krause and Weis, 1991).
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Effective quantum yield (YII) decreased after 15 minutes of argon treatment
(Fig. 5). Y (II) corresponds to the fraction of photochemical converted energy.

Quantum yield of non-regulated energy dissipation Y (NO) dropped, reaching
94% after 15 minutes of stress condition, compared to the control. Theoretically, the
quantum yield of non-regulated energy dissipation summarizes the energy dissipation
processes that occur in antennas of the photosystems. Because of the decrease in
fluorescence emission due to photoinhibition, non-regulated energy dissipation is
slightly lower.
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Figure 5. Evolution of quantum yields in PS II in Synechococcus sp.
PCC 7002 under microoxic conditions

Coefficient of photochemical quenching, qP and qL, were maintained at
higher values, except when 30 minute exposure to argon treatment (Fig. 6). qP is a
measure of the overall ,,openness”, and the high values observed proves the high open
state of the RC II reaction centers, respectively the heavily oxidized state of the
primary acceptor Qa. He coefficient of photochemical quenching qL, is a measure of
the fraction of open PS II reaction centers, high values observed in our cyanobacterial
suspensions indicate the high amount of opened PS II reaction centers. qP allows
the estimation of the oxidized quinone acceptor fraction of opened PS II or PS I
reaction centers (Grace and Logan, 1996). High values of qP and qL express an intense
photochemical process with decreased fluorescent emission. The fluorescent
coefficient of photochemical quenching can be used for estimations of opened PS II
reaction centers (oxidized state of Q,) or closed PS II reaction centers (reduces state of
Q) (Huner et al., 1998).
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Figure 6. Evolution of photochemical coefficient in Synechococcus sp.
PCC 7002 under microoxic conditions

Changes in fluorescence yield reflect direct changes in photochemical
competing de-excitation paths, in excitation transfer and heat dissipation. When PS 11
reaction centers are opened and photochemical potential is maximal, fluorescent
photochemical quenching is also very high while fluorescence yield is decreased.
When reaction centers are closed no photochemical processes are active,
photochemical quenching is absent and fluorescence yield is maximal. P indicates the
balance between excitation of PS II centers that are thereby closed, and removing of
electrons from PS II by photosynthetic electron transport chain which reopens the
centers. This balance in excitation pressure responds to light intensity, temperature and
the availability of final acceptors.

The loss of photoinhibition was correlated with the redox state of the primary
acceptor Q4 Relative redox state of Q4 in vivo can be estimated by 1-qP parameters
(excitation pressure) and Fv/Fm (quantum yield) (Oquist et al, 1993). As in
cyanobacteria phycobilisomes provide the greatest capacity to capture light, production
of photosynthesis rely on the energy transfer efficiency (Foguel ef al., 1992).

In PS I, the Pm signal, as well as Fm, represents the maximal change in P
reaction center, equivalent with differences between oxidized and reduces Py Total
reduction can be achieved only in dark, while total oxidation is obtained after brief
illumination, when PS I is limited. Increasing in Pm signal depends on the total
chlorophyll content of Py reaction center, and decrease is due to limitation in Py
reaction center acceptors. Py values varies between 0 (totally oxidized Py centers)
and 1 (totally reduced P4 centers, in standard dark state).
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By exposure to argon Pm signal was stimulated in the first 30 minutes,
followed by a significant decrease towards the end of the stress treatment suggesting a
decrease in the reduction state of P;y reaction center compared to oxidized state
(Fig.7). Maximum oxidation can be reached at illumination with intense light, before
the electrons leave PS 1II to re-reduce P,

Effective PS I photochemical quantum yield Y(I) dropped significantly in the
first 30 minute compared to the control. The decrease in quantum yield Y(I) reveals
decreased reduction state due to the lack of limitation by the acceptor, respectively,
decrease in photochemical energy conversion in PS 1. Y(I) expresses the quantum yield
of photochemical energy conversion in PS I and it is complementary to the non-
photochemical quantum yield of energy conversion. The non-photochemical quantum
yield of PS I, Y(ND) increased compared to the control. Y(ND) defines the quantum
yield non-photochemical energy conversion in PS I due to limitation of electron
donors, and represents the fraction of overall Py oxidized in a given state (P700+A).
Oxidized P reaction centers transform the quantitatively absorbed excitation energy
in heat. Limitation due to donors is increased by the trans-thylakoid proton gradient
(photosynthetic control of the cytochrome complex by as well as the down regulation
of PS I) and damages caused in PS II.

PS I contribution to the fluorescence is low: 5% at 720 nm and 1-2% at 685
nm. Closed PS I centers do not contribute to Fv. This can be explained by the relative
stability of P in oxidized state.
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Figure 7. Photochemical activity of photosystem PS I under microoxic
conditions in Synechococcus sp. PCC 7002
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To induce photosynthetic activity pulse amplitude modulation technique
(PAM measurements) was used (Schreiber, 2004). Fluorescence transition follows
the O-J-1-P sequence, a polyphasic curve of the initial fluorescence Fy and maximum
fluorescence F,, these can be visualized on a logarithmic scale (Schreiber and
Neubauer 1987; Strasser et al., 1997; Srivastava et al.,, 1999). The intermediate J-I
level seems to relate to the heterogeneity of plastoquinone volume and refers to the
thermal phase of the photosynthetic process. P is reached when all plastoquinone
molecules are reduced to PQH,. Additional DCMU result in curve of O-J. This curve
is similar to the kinetics of O-I; —I, — P obtained by Neubauer and Schreiber (1987).

Fluorescence intensity, normalised on Fo

0,00001  0,0001 0,001 0,01 0,1 1 10 100 1000
Time, s

Figure 8. Transition of chlorophyll fluorescence in samples adapted to microoxic conditions
and excited with red light of 650 nm (Strasser et al., 1995)

The kinetics of the chlorophyll fluorescence induction by pulse saturation in
control and at the end of stress treatment are presented for PS II and PS I in Fig. 9.
Fluorescence yield is related to the photochemical activity of PS II. The kinetics of
fluorescence variation from F, to maximum Fm displays the accumulation of reduced
Qa in reaction centers. Fluorescence kinetics showed on the logarithmic scale
revealed important modifications in I — P spectrum due to reduction of the
plastoquinone nuclei (Fig. 9, A, C, E, G, I). Changes in the induction curve are
shown in Fig. 9, B, D, F, H, J. The length of fluorescence and its amplitude is
proportional to the number of antenna molecules (Krause and Weis, 1991).
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Figure 9. Chlorophyll fluorescence in standard conditions and under microaerobiosis
using the saturation-pulse method: A — logarithmic kinetics of the fluorescence in the
control; B — fluorescence induction curve in control; C — fluorescence logarithmic
kinetics of the sample after 15 minutes of microaerobiosis; D — fluorescence induction
curve of the sample after 15 minutes of microaerobiosis; E - fluorescence logarithmic
kinetics of the sample after 30 minutes of microaerobiosis; F - fluorescence induction
curve of the sample after 30 minutes of microaerobiosis; G - fluorescence logarithmic
kinetics of the sample after 60 minutes of microaerobiosis; H - fluorescence induction
curve of the sample after 60 minutes of microaerobiosis; I - fluorescence logarithmic
kinetics of the sample after 120 minutes of microaerobiosis; J - fluorescence induction
curve of the sample after 120 minutes of microaerobiosis. Red — PS 1II fluorescence;
Blue — PS I fluorescence
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Conclusions

The cyanobacterium Synechococcus sp. PCC 7002 displays a specific
composition and concentration of assimilatory pigments, according to the physiological
condition of the cells.

For PS II under argon treatment, minimal fluorescence F, ., maximal
fluorescence F,, decreased. Fluorescence yield shows that the primary acceptor Q, is in
oxidized state, and RC II reaction centers are opened, photochemical processes and
excitation energy harvesting are maximal, and all redox component of PS II are
reduced. Maximum fluorescence shows that primary electron acceptor (Qa) of PS II
becomes totally reduced, photochemical reactions are blocked and reaction centers are
closed. Decrease of Fm parameter represents an increase in closed reaction centers,
respectively activation of plastoquinone reduction processes and increase of
fluorescence emission.

Variable fluorescence, expresses the difference between Fm and F,, showed
positive values compared to the control, except after 60 minutes of argon treatment. All
decrease in opening and closing of PS II reaction centers exhibit a functional
imbalance.

Maximal quantum yield (Fv/Fm) of PS II photosynthesis weakly stimulated by
the argon treatment, except at 60 minutes of argon effect when negative values were
observed compared with the control. Fv/Fm allows the determination of maximum
quantum yield (efficiency) of PS II photochemistry, or of the photosynthetic electron
transport. Final value recorded was 0,167 that represent 20% of the theoretical value,
respectively the proportion of photoinhibited reaction centers. Fv/Fm has a theoretical
value of 0.82 and indicates the maximum fraction of photons absorbed and used in
photochemical reactions. Values below 0.82 indicate the amount of photoinhibited PS
II reaction centers. Effective quantum yield (Y1) decreased after 15 minutes of argon
treatment. Y(II) corresponds to the fraction of photochemical converted energy.
Quantum yield of non-regulated energy dissipation Y(NO) dropped, reaching 94%
after 15 minutes of stress condition, compared to the control. Theoretically, the
quantum yield of non-regulated energy dissipation summarizes the energy dissipation
processes that occurs in antennas of the photosystems. Because of the decrease in
fluorescence emission due to photoinhibition, non-regulated energy dissipation is
slightly lower.

Coefficient of photochemical quenching, qP and gL, were maintained at
higher values, except when 30 minute exposure to argon treatment. qP is a measure of
the overall ,,openness”, and the high values observed proves the high open state of the
RC II reaction centers, respectively the heavily oxidized state of the primary acceptor
Qa. He coefficient of photochemical quenching qL, is a measure of the fraction of open
PS II reaction centers, high values measured in our cyanobacterial suspensions indicate
the high amount of opened PS II reaction centers. High values of qP and gL express an
intense photochemical process with decreased fluorescent emission.
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For PS I, by exposure to argon Pm signal was stimulated in the first 30
minutes, followed by a significant decrease towards the end of the stress treatment
suggesting a decrease in the reduction state of Py reaction center compared to oxidized
state . Maximum oxidation can be reached at illumination with intense light, before the
electrons leave PS II to re-reduce Py

Effective PS I photochemical quantum yield, Y(I) dropped significantly in the
first 30 minute compared to the control. The decrease in quantum yield Y(I) reveals
decreased reduction state due to the lack of limitation by the acceptor, respectively,
decrease in photochemical energy conversion in PS 1. Y(I) expresses the quantum yield
of photochemical energy conversion in PS I and it is complementary to the non-
photochemical quantum yield of energy conversion. The non-photochemical quantum
yield of PS I, Y(ND) increased compared to the control. Y(ND) defines the quantum
yield non-photochemical energy conversion in PS I due to limitation of electron
donors, and represents the fraction of overall Py oxidized in a given state (P700+A).
Oxidized P reaction centers transform the quantitatively absorbed excitation energy
in heat. Limitation due to donors is increased by the trans-thylakoid proton gradient
(photosynthetic control of the cytochrome complex by as well as the down regulation
of PS I) and damages caused in PS II.

Alternation of oxidative/reduced state of the plastoquinone nuclei was
revealed in the kinetics of the chlorophyll fluorescence induction by pulse saturation in
control. Fluorescence yield is related to the photochemical activity of PS II. The
kinetics of fluorescence variation from F, to maximum Fm monitors the accumulation
of reduced Q4 in reaction centers. Fluorescence kinetics showed on the logarithmic
scale revealed important modifications in I — P spectrum due to reduction of the
plastoquinone nuclei. The length of fluorescence and its amplitude is proportional to
the number of antenna molecules.
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SUMMARY. Ursu Lake is a large saline, meromictic and heliothermal lake
located in the eastern part of the Transylvanian Basin (Sovata, Mures County,
Romania). The investigated lake is characterized by a strong vertical stratification
of physical and chemical parameters that indicate a corresponding stratification of
biodiversity. Using BIOLOG Ecoplate™ method we were able to describe the
community-level physiological profile of the microbial population inhabiting the
moderately saline epilimnion (5-6% salinity) of Ursu Lake. The metabolization of
31 different carbon sources was monitored in the water samples collected at 0.5 m
depth from two different seasons: October 2013 and March 2014. Physico-
chemical parameters (temperature, salinity, pH, oxidation-reduction potential, and
dissolved oxygen) were measured along with the estimation of the total
chlorophylls, carotenoids, and prokaryotic cell count. The results revealed a higher
rate of C substrate consumption in the water sample collected in spring compared
to that found in the autumn sample. This finding is paralleled by the differences
observed in some of the chemical parameters (salinity, dissolved oxygen) between
the seasons suggesting a time-based modification of the microbial activity. Alpha-
cyclodextrin, glycogen, D-cellobiose, D-mannitol, and N-acetyl-D-glucosamine
were the fastest metabolized C sources in both seasons. This is the first report of
using BIOLOG Ecoplate™ approach in profiling the microbial activity in a
Romanian deep, meromictic and heliothermal salt lake and one of the very few
attempts reported to use the BIOLOG system for the characterization of microbial
communities in hypersaline ecosystems.
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Introduction

Saline and hypersaline lakes are natural (karstosaline) or man-made
(anthroposaline) environments that provide living place for halotolerant and
halophilic organisms. These ecosystems are characterized by salt concentration
exceeding that of the sea water (i.e., salinity > 30 g-L" or 3 %) and sometimes
reaching the saturation point (i.e., salinity > 300 g-L™") (Oren, 2002). The majority of
organisms flourishing in these conditions are prokaryotes belonging to Bacteria
(Ventosa et al., 1998) and Archaea (Andrei et al., 2012), and only a few are
representatives of fungi, protozoa, and algae (Oren, 2002; 2008).

The Romanian territory comprises a significant number of anthroposaline
and karstosaline salt lakes dispersed between two distinct geographic areas: the
Transylvanian Basin (Central and north-western) and the Dacic Basin (Southern, SE
and eastern Romania) (Alexe, 2010; Bulgareanu, 1996). More than 40 saline and
hypersaline lakes are found in the Transylvanian Basin, with locations following a
circular line of the inner Carpathians belt. Among these bodies of water, several lakes
(e.g. Ocnei and Rotund Lakes in Turda, Fara Fund and Brancoveanu Lakes in Ocna
Sibiului, Ursu Lake in Sovata etc.) are characterized by a strong and relatively stable
stratification of physical and chemical parameters, a property termed meromixis
(Boehrer and Schultze, 2008). In a similar manner as other meromictic lakes
worldwide, the Transylvanian stratified saline lakes display an upper water layer
(epilimnion or the uppermost part of the mixolimnion), down to about 2 m depth, an
intermediate stratum showing a steep change of physico-chemical parameters
(chemocline or the lowermost part of the mixolimnion) at around 2.5-3.5 m depth,
and a deep, stable and hypersaline layer (monimolimnion) that starts right below the
chemocline (Alexe, 2010; Baricz et al., 2014; Mathé et al., 2014). Although some of
these atypical lakes have long been known and exploited for their touristic value,
there is a scarcity of data concerning their biodiversity, especially with respect to
their microbial diversity and activity. Systematic investigation of the microbial
communities hosted by a number of Transylvanian meromictic salt lakes is just at its
beginning and it dealt with the diversity of phototrophic algae and cyanobacteria
(Keresztes et al., 2012), heterotrophic bacteria (Borsodi ef al., 2010; 2013; Crognale
et al., 2013; Méath¢é et al., 2014) and halophilic archaea (Baricz et al., 2014). In an
earlier study, Muntean et al. (1996) were the first to explore the biological activity in
the sediment (mud) samples of therapeutic value collected from the bottom of many
Romanian salt lakes, including a few of Transylvanian ones.

A fast and convenient approach for profiling the metabolic requirements,
sole carbon source utilization and community level physiological profiles (CLPP)
was developed by BIOLOG Inc., an R&D company based in Hayward, CA, USA.
BIOLOG Ecoplate™ microplates are tools designed for the analysis of whole
microbial community from soil and water. One plate has 96 wells containing 31
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different carbon sources and a negative control (no carbon substrate) in triplicate.
Each well also contains a redox dye indicator (tetrazolium violet) which indicates the
positivity of metabolization with color development toward blue-violet (Garland and
Mills, 1994; Weber et al., 2008). The benefit of the triplicate nature of the
microplates is the capacity to use different samples on the same plates or to have an
indicator of experimental variation (Weber et al., 2007). The Ecoplates offer the
opportunity to calculate several substrate-based diversity indices including substrate
richness, substrate diversity, and substrate evenness (Zak et al., 1994). Several
CLPPs of aquatic ecosystems were performed using BIOLOG Ecoplate™
predominantly for freshwater systems such as lakes (Dickerson and Williams, 2014),
ponds (Lear et al., 2013) or wetland mesocosms (Weber et al., 2008). Only a few
data exist on CLPP applied in saline environments (Litchfield and Gillevet, 2002;
Phillips et al., 2011) for the main reason that this approach seems to work unreliably
at high salt concentration (Litchfield et al., 2001; Pierce et al., 2014). CLPP using
BIOLOG Ecoplate approach was performed by Crognale et al. (2013) in the top and
bottom water samples from shallow saline Mierlei Lake, nearby Ursu Lake in
Sovata, but the tests were apparently applied to samples with salinities exceeding
10%. However, to date, no approach for a direct estimation of the microbial activity
within the water mass has been employed in the Romanian deep, meromictic salt
lakes.

The present work intended to provide a first glimpse at the metabolic
diversity of microbial community populating the moderately saline epilimnion of the
meromictic and heliothermal Ursu Lake. Our aims were: 1) to assess the capacity of
carbon substrate metabolization via BIOLOG Ecoplate™ approach in the water
samples collected during two different seasons (autumn and spring), and 2) to
scrutinize the influence of some physico-chemical parameters on the metabolic
requirement for carbon sources of the epilimnetic, heterotrophic microbial
community of Ursu Lake.

Materials and methods

Description of sampling site

Ursu Lake is located in Sovata (Mures County), in the eastern part of the
Transylvanian Basin, and is the largest heliothermal lake in Romania with an area of
about 41000 sgm and maximum depth of 18 m (Muntean et al., 1996; Alexe, 2010;
Mathé et al., 2014). Ursu Lake is a karstosaline lake formed following a natural

event in the late nineteenth century. Continuous water input is provided by brackish
Toplita River and the freshwater Auriu River (Alexe, 2010).
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Measurement of physico-chemical parameters and sampling of water

Measurements of physico-chemical parameters of lake water as well as
sampling were performed as described previously in Baricz et al. (2014), during
October 2013 and March 2014. The choice for these sampling times was justified by:
1) ease of accessibility and sampling, 2) the favorable thermal conditions that might
support the microbial activity, and 3) the absence of bathing activity. The
temperature, salinity, concentration of dissolved oxygen (DO), oxidation-reduction
potential (ORP), and pH of the water were measured in situ, at a depth of 0.5 m,
using a portable water multiparameter device (HI 9828/20, Hanna Instruments,
USA). Water samples (1 L) aimed for testing of total microbial activity by BIOLOG
Ecoplate approach were collected from 0.5 m depth in sterile plastic containers using
an electrical layer sampler. The samples were kept on ice during transportation to
laboratory.

Total cell counts

Ten milliliters of water samples were fixed with glutaraldehyde at 2% final
concentration and stored for 24 hours at 4°C, in the dark. Fixed samples were filtered
through 0.45 pm-pore-size, black, gridded, MCE membrane filters (Fioroni, France).
The cells retained on the membrane filters were directly stained with DAPI (4°, 6’-
diamidino-2-phenylindole) at 5 pg ml" final concentration and examined by
epifluorescence microscopy (BX60, Olympus Optical, Tokyo, Japan). The images
were recorded using the microscope’s digital camera (Olympus XC50) and analyzed
with the CellC software (Porter and Feig, 1980).

Measurement of single-carbon substrate degradation

To test for the CLPP in the collected environmental samples, all the 96 wells
of the plates were filled with 150 ul of untreated water samples in sterile conditions,
by using an 8-channel automatic pippetor. After inoculation, the plates were
incubated and daily monitored during 5 days (120 hrs) in aerobic condition at 30°C.
As we aimed for a quick approach to estimate the bulk metabolic activity in the water
samples, the consumption of various carbon sources was followed by direct
observation of color change at every 24 hours. A reaction was considered roughly
positive when the clear blue-violet hue appeared. An extension of incubation (up to
10 days) was employed to estimate whether there are carbon sources that need a
prolonged time for degradation. In this situation, the plates were wrapped in plastic
foil to avoid evaporation.
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Results

Physico-chemical and biological properties of the sampled water layer

The in situ measurement of the physical and chemical parameters at 0.5 m
depth indicated the moderately saline nature (estimated salinity 57-68 g-L™") of the
upper water layer (epilimnion) of Ursu Lake (Table 1). Two environmental factors,
temperature and pH, were similar, while other parameters were slightly (salinity and
ORP) or significantly (DO) different. The lower salinity found in the epilimnion
during March 2014 compared to that estimated in October could be a consequence of
the higher fresh water input during late autumn and winter seasons (i.e. rainfalls and
ice/snow melting). Other physical and chemical features of the surface lake water are
very susceptible to changes that reflect the fluctuations of the surrounding
environment. While the temperature value measured during October (around 23°C),
followed warm days recorded in summer, the similar value recorded in the
epilimnion during March was probably due to the heliothermal effect of the lake
water. The measured pH values were also comparable (8.44 in October and 8.53 in
March, respectively) but the explanation lays in the buffering effect of the HCO;
ions that are present in millimolar concentration (data not shown).

Dissolved oxygen (DO) measurements showed a higher value in October
2013 (6.71 mg-L") than in March 2014 (0.17 mg-L™"). This finding could be
explained by an intense activity of oxygenic phototrophic community in deeper layer
during warm season (summer 2013) that allowed accumulation of oxygen in the
epilimnion. On the turn, the drop of oxygen level during spring season might be
triggered either by high metabolic activity of aerobic heterotrophs and/or by a
reduced production of photosynthetic oxygen following winter season. The ORP
measurements indicated a slightly higher reduction capacity of the water layer during
October (-20.7 mV) than that of March sample (+ 6.6 mV). The difference is
however too small to assume a clear external cause, ORP probably fluctuating as a
consequence of daily or weekly biological activity.

Some of the biological properties were estimated in the epilimnion (0.5 m)
(Table 1). In October 2013 the water sample collected at 0.5 m depth presented
higher values of total chlorophyll and carotenoid concentrations as well as of cell
density compared to that estimated in the March sample. Based on these results one
might expect a significantly denser microbial community and possibly higher
biological activity in the epilimnion of Ursu Lake during October than March. As
stated above, the imbalance of biological parameters recorded in the epilimnion of
Ursu Lake could be a direct consequence of varying external environmental factors
such as air temperature and amount of water inflow. Higher chlorophyll and
carotenoid concentrations during autumn (14.91 and 668.13 ug-L”, respectively)
than that found during spring (2.30 and 319.60 pg-L™, respectively) might be due to
the warm, sunny summer season that favored the blooming of primary producers.
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Table 1.
Physical, chemical, and biological properties of sampled water layer
(0.5 m depth) from Ursu Lake

Parameter Season
(Measurement Units) October 2013 March 2014
Salinity (g:L" or approx. psu) 68.3 57.5
Temperature (°C) 23.7 23.6
Dissolved oxygen (mg-L™") 6.71 0.17
ORP (mV) -20.7 6.6
pH 8.44 8.53
Total chlorophylls (ug-L™) 14.9 23
Total carotenoids (ug-L™) 668.1 319.6
Total cell count (*10° cells - mL™") 5.36 2.96

Single-carbon substrate degradation

The two BIOLOG Ecoplates were monitored for color changes every 24 hrs
during 5 days of incubation. The triplicate format of the plates warrants a reliable
repetition of the experiment and provides exact results of different substrate
metabolization. The reaction was accounted as positive when color turns to blue-
violet in at least two duplicate wells (Fig. 1.).

Figure 1. Photographic image of BIOLOG™ EcoPlate inoculated with water sample
collected at 0.5 m depth from Ursu Lake, during March 2014, after 48 hrs. of incubation.

The full list of the 31 carbon substrates is presented in Table 2 along with the
results (positive or negative) of their degradation.
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Table 2.
Microbial utilization of single-carbon sources in the water sample collected
at 0.5 m depth from the Ursu Lake during two seasons (October 2013 and
March 2014). For the positive samples, the incubation time at which
the color change was observed is given

Incubation time (hrs)
Oct-13

C1 | Pyruvic acid methyl ester 72

C2 | Tween 40 72

C3 | Tween 80

C4 | Alpha-cyclodextrin

C5 | Glycogen

C6 | D-cellobiose

C7 | Alpha-D-lactose

C8 | Beta-methyl-D-glucoside

ID Carbon source

C9 | D-xylose - -
C10 | i-erythritol - -
C11 | D-mannitol 4 4
C12 | N-acetyl-D-glucosamine 4 4
C13 | D-glucosaminic acid 120 120
C14 | Glucose-1-phosphate 120 120
015 [D Lolphwsheerophosphaie - 120
C16 | D-galactonic acid-gamma-lactone - -
C17 | D-galacturonic acid - -
C18 | 2-Hydroxy benzoic acid - -
CI19 - 72
C20 | Gamma-hydroxybutyric acid 72 72
C21 - 72
C22 | Alpha-ketobutyric acid - -
C23 | D-malic acid 120 120
C24 | L-arginine 72 120

C25 | L-asparagine

C26 | L-phenylalanine

C27 | L-serine

C28 | L-threonine
Glycyl-L-glutamic acid

C30

Putrescine

Note: For a better visualization, we emphasized the name of substrates with colored background.: light
gray for substrates metabolized in both water samples,; blue for substrates metabolized by only one
water sample, and white for carbon sources that were not degraded after 10 days of incubation. To
highlight the metabolization rates of C sources the backgrounds of positive scores were colored in black
(24 hrs), red (48 hrs), orange (72 hrs), dark yellow (96 hrs), and light yellow (120 hrs).
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Out of 31 carbon sources, five substrates were quickly metabolized (i.e.,
after 24 hours of incubation) by both samples: alpha-cyclodextrin, glycogen,
D-cellobiose, D-mannitol, and N-acetyl-D-glucosamine. The first two are polymers,
while the latter are a disaccharide, a sugar alcohol, and a monosaccharide derivative,
respectively. Other substrates that are degraded in a fairly short time (within 48 hrs.)
by both samples are the monosaccharide derivative beta-methyl-D-glucoside and the
amino acids L-asparagine, L-serine, and L-threonine. Substrates such as methyl
pyruvate, Tween 40, Tween 80, gamma-hydroxybutyric acid, L-arginine,
L-phenylalanine, glycyl-L-glutamic acid, and putrescine are equally used in both
samples during first 72 hours, apparently slightly quicker in the sample collected
during spring season. Three substrates were metabolized in 120 hrs. in both samples:
D-glucosaminic acid, glucose-1-phosphate, and D-malic acid. The first two carbon
sources are monosaccharide derivatives and the last one is a carboxylic acid.

There are some carbon sources metabolized in only one sample, namely in
the March sample: 4-hydroxy benzoic acid and itaconic acid (24 hrs.);
phenylethylamine (96 hrs.); D, L-alpha-glycerol phosphate (120 hrs.).

Seven different carbon sources were not metabolized in any of the two
samples after 5 days of incubation and up to 10 days of monitoring: alpha-D-lactose,
D-xylose, i-erythritol, D-galactonic acid-gamma-lactone, D-galacturonic acid,
2-Hydroxy benzoic acid, and alpha-ketobutyric acid.

In the sample collected and inoculated in October 2013, the BIOLOG
Ecoplate™ results indicated that 20 different carbon sources (64.5 % of total carbon
sources) were biologically degraded within 120 hours. In the March sample, positive
results were observed for 24 different carbon sources (77.4 % of total C sources)
within same time interval (Table 3). A number of seven C sources were not
metabolized in any of the samples up to 10 days of monitoring: the monosaccharides
D-xylose, D-galactonic acid-gamma-lactone, the disaccharide alpha-D-lactose, the
sugar alcohol i-erythritol, the phenolic derivative 2-hydroxy benzoic acid (also
known as salicylic acid), and the carboxylic acid alpha-ketobutyric acid and D-
galacturonic acid.

Table 3.
Summary table of carbon substrate utilization in water samples
tested by BIOLOG Ecoplates™ approach

Sampled season

Parameters October 2013 March 2014
Total metabolized substrates 20 (64.5%) 24 (77.4%)
Number of substrates metabolized within 24 hrs 5 9
Number of substrates metabolized within 72 hrs 17 17
Number of substrates with slow metabolization (after 96 hrs) 3 7
Substrates metabolized in only one sampled season 0 4
Total substrates metabolized in both sampled seasons 20
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Discussion

The data attained from the present study is a first reported indicative for the
range of metabolic requirements of heterotrophic microbial community residing the
saline epilimnion (0.5 m depth, 5-6 % salinity) of meromictic Ursu Lake (Sovata,
Romania). Since the microorganisms are considered the primary decomposers in any
environment, revealing the metabolic availability of whole microbial community
brings valuable information on their functioning status. As already stressed in the
introductory part of the present work, no similar studies were performed for the water
collected from meromictic salt lakes located in Romania. Comparable studies were,
however, performed in saline environments worldwide: solar salterns from Newark,
California and FEilat, Israel (Litchfield et al., 2001; Litchfield and Gillvete, 2002), La
Sal del Rey salt lake from Texas (Phillips et al., 2012), and alkaline Mono Lake,
California (Litchfield and Gillevet, 2002).

Our results showed that in October 2013 (autumn), the salinity of water layer
(0.5 m) was around 68.3 g'L" (or 6.8 %) with a total cell number of 5.36 x10°
cell'mL™". This sample accommodated a heterotrophic microbial community capable
of using at least 20 different compounds as sole carbon sources. In the sample
collected in March 2014 (spring), the salinity was estimated as 57.5 g-L" (5.75 %)
and cell density as 2.96 x10° celllmL™". Twenty-four different carbon sources were
metabolized by the microbial community existing here at a two-fold lesser cell
density than in October. In the case of La Sal del Rey salt lake (Texas, USA), the
samples were collected during June 2010 and July 2010 (Phillips et al., 2012). The
results indicated that in the surface sample with low salinity (4 ppt or 0.4%) and a
cell density of around 5.2 x 10° cfu mL", a total of 29 carbon substrates were
metabolized. In a moderately saline water sample (86 ppt, 8.6%), at a higher cell
density, the entire range of 31 carbon sources from the plate were metabolized
(Phillips et al., 2012). In FEilat solar saltern (Israel) and Mono Lake (California,
USA), the capacity of the microbial community to use different C sources was tested
with BIOLOG GN (Gram-negative) plates. This type of plate contains 95 different
carbon sources of which 25 are identical with those in BIOLOG Ecoplates (Table 4).
In a previous comparative work it was statistically demonstrated that the two types of
plates could reliably be used to discern between the aerobic heterotrophic bacterial
communities from various aquatic environments (Choi and Dobbs, 1999). The
approach of BIOLOG GN Plates indicated that the Eilat-4 sample (3.9% salinity)
from the inlet of the saltern, had the highest carbon metabolization capacity a number
of 57 substrates (15 also found in Ecoplates) being used at an estimated cell count of
6 x 10— 3.1 x 10° cfumL™. The Eilat-3 sample (same 3.9% salinity), also collected
from the inlet of solar saltern, had a total capacity of degrading 39 C sources at a
higher cell density (2 x 10* — 3.5 x 10° cfurmL™). In Mono Lake, the BIOLOG GN
plates results revealed that a total of 23 carbon sources were used (5 matches with
Ecoplates) at a microbial density of 5.4 x 10* cfumL™" and a salinity of about 8%
(Litchfield and Gillevet, 2002). These findings may suggest that at similar salinity
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(3.9 to 8%), the epilimnetic microbial community of Ursu Lake would be more
active or at least more receptive to a larger range of C sources than those tested in
Eilat solar saltern and the surface shore water of the alkaline Mono Lake (Table 4).
The high metabolic potential of Ursu Lake is supported by a recent study of Mathé et
al. (2014) that dealt with the cultivable and molecular diversity of microbial
population along the salinity gradient in the water column. The molecular analysis
based on the 16S rRNA gene amplification and analysis showed that all three
domains of the life are present at the depth of 0.5 — 1 m. The heterotrophic bacterial
isolates likely to degrade some of the C sources present in the Ecoplates under
aerobic conditions were assigned to Pseudoalteromonas sp., Idiomarina sp., Vibrio
sp., Marinobacter sp., Halomonas sp., Thalassospira sp., Roseovarius sp., Bacillus
sp. and Staphylococcus sp. (Mathé et al., 2014).

Table 4.

Comparison of carbon utilization pattern assessed by BIOLOG GN plates
and BIOLOG Ecoplates in three saline systems. The positive reactions
were emphasized with black background

Carbon substrates shared between Saltern pond Shore water (Mono| Epilimnion (Ursu
the two types of BIOLOG plates | (E-4, Eilat, Israel)* Lake, Romania)”

Pyruvic acid methyl ester

Tween 40

Tween 80

Alpha- Cyclodextrin

Glycogen

Cellobiose

Alpha-D-Lactose

Beta-methyl-D-glucoside

i-erythritol

D-mannitol

D,L-alpha-glycerol phosphate

Glucose — 1- phosphate

N-acetyl-D-glucosamine

D- Galacturonic acid lactone

Gamma-hydroxybutyric acid

Itaconic acid

Alpha-ketobutyric acid

L-arginine

L-asparagine

L-phenylalanine

L- serine

L-threonine

Glycyl-L-glutamic acid

Phenylethylamine

Putrescine

Total substrates used 15 6

“ - data from Litchfield and Gillevet (2002).
b_ Data from March 2013 sample, present study.
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The capacity to use different carbon sources by the microbial community
plays a key role in maintaining the equilibrium of the organic substrate composition
and implicitly in the carbon cycling within aquatic ecosystems (Christian and Lind,
2006; Weber et al., 2008). For example, the hypothetical occurrence of N-acetyl-D-
glucosamine in the epilimnion of Ursu Lake and subsequent appetite for its
metabolization can be explained through the presence of Gram-positive bacterial
population. This monosaccharide is a major component of the bacterial cell wall that
could be released in the surroundings by bacterial decomposition and further used as
carbon substrate by other microbes. Plant materials originating from the lush
temperate vegetation neighboring Ursu Lake could provide other organic compounds
like D-cellobiose, D-mannitol, 4-Hydroxy benzoic acid (also present in algae). Some
of the amino acids used in the investigated Ecoplates (L-arginine, L-serine,
L-asparagine, L-threonine, L-phenylalanine) as well other compounds such as
itaconic and malic acids (derived from the Krebs cycle) or phenylethylamine, might
be released by microbial decomposition of the organic matter.

The epilimnion is the upper layer of water (Baricz et al., 2014), a place with
a strong interplay between the freshwater inflow, organic matter input, and
fluctuating air conditions that ensures the presence of a large spectrum of microbial
diversity with a potent metabolic availability. The ability of the epilimnetic microbial
community in Ursu Lake (and elsewhere) to metabolize various carbon sources is
crucial in preserving the balance between the formation of organic compounds or
toxic substances (e.g. putrescine) and the normal biochemical parameters of water
layer. Interestingly, biopolymers such as alpha-cyclodextrin, glycogen and non-ionic
detergents Tween 40 and Tween 80 are quickly metabolized in both samples,
suggesting that the epilimnion of Ursu Lake may host very active polymer
decomposers that could be isolated and used as organisms with potential in food
industry and bioremediation.

Conclusions

The results of assessing the carbon utilization pattern by the BIOLOG
Ecoplate™ approach indicated a promising metabolic potential of the microbial
community from the saline epilimnion of Ursu Lake. By a comparative analysis of
water samples collected during two seasons (autumn and spring) it has been observed
that the epilimnetic aerobic microbial community is readily degrading a broad
spectrum of carbon sources at moderate salinity values (5—6%).

Apparently, our results suggested a higher activity of carbon substrate
degradation during spring season, a broader range of C substrates being oxidized by a
less denser cell population, at slightly lower salinity and higher ORP. The peculiar
nature of meromictic, heliothermal Ursu Lake as well as its importance for the local
economy encourages further in-depth investigations on the composition and diversity
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of the microbial community, its metabolic activity and role in biochemical cycling of
major elements with respect to varying enviornmental conditions and human impact
on the lake.
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MOLECULAR EVIDENCE FOR THE HYBRID ORIGIN OF
HEPATICA TRANSSILVANICA (RANUNCULACEAE)
BASED ON NUCLEAR GENE SEQUENCES

LASZLO BARTHA'"*®, KUNIGUNDA MACALIK” and
LUJZA KERESZTES?

SUMMARY. Allopolyploidy (hybridisation followed by genome doubling) has
been recognised as a major force driving plant speciation. The genus Hepatica
includes both diploid and polyploid species where the origin of polyploids has
not been fully established, yet. In particular, the origin of Romanian endemic,
tetraploid Hepatica transsilvanica Fuss. remained challenging because a
previous study found its incongruent placement between plastid and nuclear
phylogenies (suggestive of its hybrid origin). In this study a more direct method
was applied in order to shed lights on the hybrid origin of species. A fragment of
nuclear A¢103 gene was sequenced in H. transsilvanica and in both of its putative
diploid progenitors, the European distributed H. nobilis Schreb. (var. nobilis) and
the Central Asian endemic Hepatica falconeri Thomson. Direct A4¢103 sequence
of H. transsilvanica clearly showed an additive pattern between the parental
sequence types, supporting the allopolyploid origin of species. A few additional
additive polymorphic sites (i.e. superimposed peaks) neither supporting, nor
contradicting the hybrid origin were also found in the sequence of H.
transsilvanica but these were not shared by all samples analysed. Origin of this
‘inconclusive sequence variation’ can be explained by various phenomena, like
random sorting of ancestral polymorphism or paralogy. In this study a new
platform is provided on which the auto- vs. allopolyploid origin of the rest of
tetraploid Hepatica taxa can be tested.

Keywords: allopolyploidy, At103 gene, Carpathian endemic.
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Introduction

Allopolyploidisation (hybridisation followed by genome duplication) has been
considered as one of the most important processes driving plant speciation (Grant,
1981; Soltis and Soltis, 2009). Exploring patterns of hybrid speciation via sequencing
requires the use of biparentally inherited nuclear markers. Identity of hybrid
progenitors can be inferred if direct nuclear sequences of hybrid species show additive
pattern between the parental sequence types (Campbell ef al., 1993). In cases when
such parental sequence types are different in length and hamper direct sequencing, they
can still be retrieved from hybrid species by cloning. Concerted evolution may
homogenise copies of a nuclear DNA region in a hybrid species towards one of the
parental (maternal or paternal) sequence type as commonly occurring in the case of
internal transcribed spacer (ITS) region of the nuclear ribosomal (nr) DNA (Alvarez
and Wendel, 2003). In such cases the hybrid origin can still be inferred based on
conflicting topologies between phylogenies based on plastid and nuclear marker
systems.

The genus Hepatica (Ranunculaceae) is a small-sized genus showing
interesting biogeographic distribution characterised by intercontinental and deep inner
continental disjunctions (Pfosser et al., 2011). Polyploidisation played an evident role
in the evolution of genus (Weiss-Schneeweiss et al., 2007). Taxonomic status of
several Hepatica species is still under dispute and the genus lacks a well-resolved
backbone phylogeny. Taxa of the genus are, however, well characterised as far as their
ploidy level and morphological circumscription is considered. Traditionally two
morphological groups have been recognised within the genus: the one with entirely
lobed leaves and another with crenate leaves. Mabuchi et al. (2005) proposed that
crenate leaved tetraploid (2n=28) species Hepatica transsilvanica Fuss, Hepatica
henryi Nakai and Hepatica yamatutai Steward could be autopolyploids of the diploid
and crenate leaved Hepatica falconeri Thomson. Interestingly, H. falconeri grows in
Central Asia, H. transsilvanica is confined to the Romanian Carpathians whereas the
possibly conspecific H. henryi and H. yamatutai are distributed in Eastern Asia. As an
alternative to the suggested autopolyploid ancestry, they could have also raised via
allopolyploidisation involving H. falconeri (or an extinct relative to it) as one of the
parental species (Weiss-Schneeweiss et al., 2007). Weiss-Schneeweiss et al. (2007)
found incongruence between plastid and nuclear phylogenies at the level of H.
transsilvanica although these phylogenies were poorly resolved and some of their
relationships were not supported. Their findings, therefore, favored the hybrid origin of
H. transsilvanica over the autoploid origin but the ultimate inference for an
allopolyploid origin of species remained largely unfulfilled.

In an effort to test the hybrid origin of the Romanian (Carpathian) endemic H.
transsilvanica using a ‘strictly direct’ method, in this study a nuclear DNA marker
system was employed in H. transsilvanica and two of its potential progenitors, the
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European distributed H. nobilis Schreb. (var. nobilis) and the Central Asian endemic
H. falconeri. Because a limited utility of the very popular phylogenetic marker
nrDNA has already been found in Hepatica by a previous study (Weiss-Schneeweiss
et al., 2007), here the use of a so-called ‘low-copy nuclear gene’ has been
endeavoured. Low-copy nuclear genes are less susceptible to concerted evolution
when compared with ntDNA (Zimmer e al., 1980). For the purpose of the study the
nuclear At103 gene was selected due to its short length, variability and amplifiability
across different plant groups with the available universal primers (Li et al., 2008;
Bruni et al., 2010; Désamoré et al., 2012).

Materials and Methods

a. Taxon and population sampling

As mentioned previously, taxon sampling included H. transsilvanica, H.
falconeri and H. nobilis. One sample per population was analysed in the case of each
species studied. Care was taken to include samples from distantly located populations
of H. transsilvanica from the Northern and Western part, as well as from the middle
of the species range (Table 1). The two samples of H. nobilis originated from and
outside of the Carpathian Basin, respectively. The study resorted to a recently
collected single Kyrgyzian accession of H. falconeri because additional (herbarium)
samples originating from Pakistan (and collected several decades ago) turned out to
be not suitable for DNA analysis.

b. Plant material, DNA isolation, PCR amplification and sequencing

Freshly collected leaf material of the studied species was desiccated in
silicagel prior to DNA extraction. Total genomic DNA was extracted using the ZR
Plant/Seed DNA Kit (Zymo Research). A fragment of the nuclear A7/03 gene (for
putative Mg-protoporphyrin monomethyl ester cyclase) spanning approximately from
the middle of exon III to the end of intron IV was amplified by polymerase chain
reaction (PCR) using the forward (5’-CTT CAA GCC MAA GTT CAT CTT CTA-3")
and reverse (5’-TTG GCA ATC ATT GAG GTA CAT NGT MAC ATA-3) primers
by Li et al. (2008). PCR was performed in 25 pl reaction volumes containing 12.5 pul
2x MyTaq Red Mix (Bioline), 8.5 ul dd water, 1 ul of each primers (10 pM) and 2 pl
DNA-template solution of unknown concentration. Amplification of A¢/03 required
the following PCR reaction program: initial denaturation step at 94°C for 4 min,
followed by 40 cycles of denaturation at 94°C for 30 sec, annealing at 50°C for 45 sec
and extension at 72°C for 30 sec. A final extension at 72°C for 5 min was inserted
before final hold at 18°C. All amplifications were performed using a Gradient Palm-
Cycler (Corbett Research). The success of PCR was tested by agarose gel
electrophoresis. Since amplifications did not produce non-specific products (data not
shown) PCR products were directly column-purified using the PCR Purification Kit of
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Jena Biosciences. PCR products were both forward and reverse-sequenced by
Macrogen Inc. (The Netherlands) using the amplification primers. GenBank accession
numbers for all 47703 sequences generated for this study are listed in Table 1.

¢. Data analysis

At103 sequences from the same accession (obtained with forward and reverse
primers) were assembled using BioEdit (Hall, 1999). Sequences were aligned manually
in software MEGAS5 (Tamura et al, 2011) from which the variable nucleotide
positions were exported to a common text file.

Results and discussion

Amplification and sequencing of selected region of At/03 gene was
straightforward in all accessions analysed and resulted in clear chromatograms. The
length of DNA region flanked by forward and reverse primers has been 326 bp in
length and showed no length variation between species. Alignment of sequences
contained 10 (3 %) variable nucleotide positions (Table 2). Most (8) of these positions
were located within the partial third exon which was inferred to have a length of 226 bp
within the sequenced fragment of the gene (see GenBank accessions KJ842642-
KJ842647).

Most of sequenced species/accessions contained unambiguous double (i.e.
‘superimposed’) peaks in their 4¢/03 chromatograms (Fig. 1) (except for the species H.
falconeri and one accession of H. nobilis). Nucleotide states corresponding to double
peaks were codified according to /UPAC codes in the sequence alignment. Two types
of sequence variation can be observed in the dataset regarding their consistency. The
first type includes single nucleotide differences consistently occurring among H.
falconeri and the two H. nobilis accessions at (column) positions ‘82’ (G/A), ‘106
(T/C), 211”7 (C/T), and 289* (C/T) (Table 2). Interestingly, so called additive
polymorphic sites (APS) consistently occur at the same positions among the three
accessions of H. tramssilvanica and clearly show an additive pattern between
H. falconeri and H. nobilis (Table 2). This lends support to the recognition of
H. transsilvanica as a hybrid (allotetraploid) species having H. falconeri and H. nobilis
as its progenitors.

The second type of variation concerns ‘randomly’ occurring single nucleotide
differences (with or without additivity) in the dataset at (column) positions different
from those mentioned above (Table 2). Contrary to the previously presented variation,
none of these nucleotide differences were shared by all samples of H. transsilvanica
and H. nobilis, respectively.

Since the advent of molecular phylogenetics, this type of information (i.e. ITS
profiles with additive pattern between putative parental sequence types) have been
successfully used for inference of hybrid origin across different taxonomic groups. One
of the earliest examples was reported by Campbell ez al. (1993) who found additivity
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of nucleotide states in Amelanchier % neglecta (Eggelst.) Eggelst. at sites where the
hypothesised parental species, 4. bartramiana (Tausch) Roemer and A. laevis Wieg.
differed. Some of the most recent examples include the case of heterophyllous
Ranunculus penicillatus (Dumort.) Bab. Zalewska-Gatosz ef al. (2014) recently found
that ITS sequences of this tetraploid species exhibited a clearly additive pattern between
sequences of Ranunculus fluitans Lam. and Ranunculus peltatus L. illustrating its
hybrid origin.

The hybrid origin of H. transsilvanica is neither supported nor contradicted by
the second type (i.e. ‘randomly occurring’) sequence variation as recognised
previously. Although the presence of this inconclusive variation cannot be neglected in
the dataset, the ‘consistent’ variation is considered here as the preponderance of
evidence in supporting the hybrid origin of the target species. Various phenomena can
be responsible for the presence of APS in diploid H. nobilis and for appearance of
those APS in tetraploid H. transsilvanica which are apparently not related to the hybrid
status of species. These can result from gene flow between populations, incomplete
sorting of ancestral polymorphism or paralogy (due to independent duplication events
of the gene in certain populations) (Pifeiro et al, 2009). Discerning the relative
contribution of these phenomena to the intra-individual polymorphism of A#/03 gene
in selected taxa of the genus Hepatica was beyond the scopes of this study. This will
require in the future denser population sampling, analyses of multiple samples per
population, as well as sequencing multiple unlinked nuclear loci. Whatever the reason
behind the above findings, the pattern of 4¢/03 variation would be worth exploring in a
phylogeographic context. Pifieiro et al. (2009), for example, found a clear geographic
trend within variation of alleles and certain paralogs of the nuclear gene GapC in
Armeria pungens (Link) Hoffmanns. & Link.

Figure 1. Unambiguous double (i.e. ‘superimposed’) peak in the chromatogram of
H. transsilvanica At103 sequence at nucleotide position 211’ (See Table 2)
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Table 1.

Information on the plant samples analysed and list of GenBank accession numbers
for At103 sequences newly generated for the study

Name of collectors/ GenBank

Accession Sampling locality suppliers acc. numbers
Hepatica falconeri Kyrgyzstan, Grigorievskaya
(Thomson) Steward Gorge Harry Jans KJ842642
Hepatica transsilvanica Romania, Neamt County,  Laszl6 Bartha,
Fuss o o, . KJ842643
pop. | Valea Bicgjelului Bogdan-Iuliu Hurdu
H. transsilvanica Romania, Arges County, Laszl6 Bartha, KI842644
pop. 2 Cheile Dambovicioarei Mici Bogdan-Tuliu Hurdu
H. transsilvanica Romania, Hunedoara Léaszl6 Bartha,

op. 3 County, Kunigunda Macalik KJB42645
pop- Hateg
Hepatica nobilis Schreb. Romania, Bihor County, Laszl6 Bartha, KJI842646
pop. 1 Cetatile Ponorului Attila Bartok
H. nobilis Romania, Valcea County, Laszl6 Bartha,
pop. 2 Cheile Bistritei Kunigunda Macalik Ki842647

Table 2.
Variable nucleotide positions in the 4¢/03 sequence alignment.
Nucleotide positions exhibiting additive polymorphic sites are in bold and are
represented by /[UPAC codes whereas those supporting the hybrid origin of
H. transsilvanica are shaded in gray (Accession names as specified in Table 1)
nucleotide positions

accessions 73 82 106 133 145 181 184 211 253 289
H. falconeri A G T A C C T C G C
H. transsilvanica A R v R C C C v S v
pop. 1
H. transsilvanica R R Y G C C C Y G Y
pop. 2
H. transsilvanica R R v R C v C Y G Y
pop. 3
Hepatica nobilis A A C A C C C T G T
pop. 1
Hepatica nobilis A A C A Y C C T G T
pop. 2
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Conclusions

In this study the putative hybrid origin of a polyploid Hepatica species has
been addressed and confirmed for the first time using comparative analysis of
sequences from a low-copy nuclear gene. The authors thus provide a platform on
which the auto- vs. allopolyploid origin of the rest of polyploid Hepatica species can
be tested. Future studies should address the identity of maternal and paternal species
of H. transsilvanica, as well as its multiple vs. single origin, and — to the extent
possible — the age of species.
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THE ROLE OF ARABIDOPSIS GENES INVOLVED IN
ABIOTIC (OSMOTIC, OXIDATIVE AND GRAVITROPIC)
STRESS RESPONSE REGULATIONS
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FERHAN AYAYDIN', LAURA ZSIGMOND', HAJNALKA KOVACS',
ANNAMARIA KIRALY', LASZLO SZABADOS',

CSABA KONCZ'"* and AGNES CSEPLO'™

SUMMARY. The warming of overall climate requires to breed plant cultivars
tolerant to extreme osmotic tolerance, e.g. to high salt concentration in order to
improve their chance to survive deleterious effects of abiotic stress conditions. Our
initial aim is to isolate and characterize abiotic stress response regulatory genes
arisen from Arabidopsis thaliana which is known as a model species for such
investigations in higher plant. For this reason, a Ser/Thr protein kinase, the CRKS
was chosen. The CRKS protein kinase is partly functionally characterized
exhibiting a role in the regulation of gravitropic responses of Arabidopsis thaliana
roots (Rigb et al., 2013). The CRKS is a plasma membrane associated kinase that
forms U-shaped patterns facing outer lateral walls of root epidermis cells. The
CRKS phosphorylates the hydrophilic loop of the auxin efflux transporter PIN2 in
vitro. Thus, delayed gravitropic response of crk5 mutant reflects defective
phosphorylation of PIN2 and deceleration of its brefeldin sensitive membrane
recycling. Recently, we have been investigating the regulatory role of CRKS
protein kinase under osmotic (salt) and oxidative (hydrogen peroxide) stresses. The
aim was to gather additional information regarding its role in the regulation of
responses to either high salinity or oxidative stress, and consequently, regarding the
impact on the auxin biosynthesis, transport and signaling. CRK protein kinase is
hypothesized to be involved in the regulation of the effect of reactive oxygen
species (ROS, e.g. hydrogen peroxide).

Keywords: abiotic stress response regulation, Arabidopsis thaliana, CRKS
protein kinase, gravitropism, reactive oxygen species
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Connection of gravitropic response and the plant hormone auxin

Plant roots are involved in many metabolic processes including water and
nutrient acquisition, anchorage, propagation, storage functions and secondary
metabolite synthesis. All these vital functions are controlled by a number of regulatory
genes including transcription factors, protein kinases and transporters controlling local
hormone content (Scheres et al., 2002; Petricka et al., 2012). Development of roots is
regulated by different plant hormones like auxin, cytokinin, brassinosteroids, abscisic
acid and gibberellin. These hormones participate in root development by integrating
their signals with auxin biosynthesis, transport, and signaling (Petricka et al., 2012).
Among these hormones the auxin is considered to be the master regulator (Benkova et
al., 2003; Quint and Gray, 2006; Saini ef al., 2013). Auxin is involved in every aspect
of plant growth and development such as embryogenesis, organogenesis and tissue
patterning. It controls various stages of root development, root elongation, system
architecture and tropisms (Sauer et al., 2013).

During evolution, the adaptation to circumstances of Earth gravitation was
essential for the developmental processes, for the formation and location of organs and
organ systems. Due to the gravitational force, both terrestrial and water plants have
growth axis parallel with the gravitation vector. In higher plants the direction of main
roots is identical with the gravity vector (positive gravitropism); while the
photosynthesizing shoots develop into an opposite direction showing the so called
negative gravitropism. The first person who described the root and shoot gravitropism
was Charles Darwin (Darwin, 1880). Since his basic discovery, it became clear that the
sensors for the gravitational direction in plants are specialized gravity sensing cells
called statocytes containing special amyloplasts (starch containing plastids) named
statoliths. These specific statocyte cells are found in the root columella and stem
endodermis. Mutants impaired in starch synthesis are unable to change their direction
of growth according to the direction of gravitation. It was also shown that the
movement of statoliths along the gravitational vector alters their interactions with actin
filaments which are responsible for statoliths sensing and movement. During the
movement of the statoliths, several plasma membrane localized mechanoreceptors are
activated which immediately trigger several signaling and secondary messenger
molecules. Among these, the release of the Ca*" ions, the Ca** and calmodulin (CaM)
sensing and the consequent phosphorylation cascade are the most important processes.
N. Cholodny and F.W. Went described in 1926 that the gravitation sensing signal
transduction process results in the asymmetric distribution of plant hormone auxin
(Went, 1974). The molecular mechanisms of the amyloplast dependent gravity
response and its connection with auxin signaling are largely unknown (Morita, 2010;
Hashiguchi et al., 2013). During vertical to horizontal rotation, auxin is transported
basipetally, from the upper to the lower side of the plant roots, where elevated auxin
concentration inhibits cell elongation. The cells at the upper part of the root - due to the
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decreasing auxin concentration — will elongate further leading to root bending into the
direction of the gravitational vector. Direction of the gravitropic responses are
controlled by the asymmetric distribution of auxin, resulting in the downward and
upward bending of the horizontally placed roots and shoots, respectively (Blancaflor,
2013). In the last decade, the details of the auxin transport mechanism were mostly
clarified by the discovery of the PINFORMED (PIN) proteins which are the main
plasma membrane located auxin transporters (Palme and Gailweiler, 1999; Feraru and
Friml, 2008; Friml, 2010). However, the question how the secondary Ca*"/CaM signal
regulates the asymmetric auxin transport, cell elongation and finally the positive
gravitropic root growth response has remained unanswered. Last year Rigd et al
(2013) described the functional characterization of Arabidopsis thaliana CRKS protein
kinase. This protein kinase is a member of the Ca*’/CaM-dependent protein kinase
(CDPK) related CRK family which consists of eight members with unknown functions
(Harmon et al., 2000; Harmon, 2003; Harper et al., 2004).

The members of the CDPK superfamily

The Ser/Thr protein kinase CDPK superfamily including the CRK (CDPK-
related) and the SnRK (sucrose nonfermentingl-related) protein kinases is found
only in the plant kingdom. The most characterized members of this superfamily are
the CDPKs and the SnRKSs. The Arabidopsis thaliana genome analysis revealed 34
CDPKs, 8 CRKs and 38 SnRKs (The Arabidopsis Genome Initiative, 2000; Hrabak
et al., 2003). The three plant SnRKs subfamilies (SnRK1, SnRK2 and SnRK3) have
different functions involving regulation of energy metabolism (SnRK1, Hardie et al.,
1998) or environmental stress reactions (SnRK2 and SnRK3, Gong et al., 2002).
Many SnRK2 members from several plant species are activated by hyperosmotic and
salinity stresses (Umezava et al, 2004) Unlike SnRKs, there is only very few
information about the function of plant CRKSs in vivo. Data concerning mainly their
biochemical characterization (e.g. predicting plasma membrane localization of these
proteins) has been published (Podell and Gribskov, 2004; Rigd et al, 2008).
Information about physiological substrates of individual CRK isoforms is scarce
(Harper and Harmon, 2005) and available only for AtCRK3 for which the glutamine
synthetase enzyme (AtGLNI1;1) participating in leaf senescence was found to act as a
substrate (Li et al., 20006).

The role of the CRKS protein kinase in gravitropic regulations

Rigo et al. (2013) described the functional analysis of the Arabidopsis CRKS
protein kinase. This protein kinase is a member of the CDPK-related CRK family
which consists of eight members with unknown functions (Hrabak et al., 2003). They
described that the CRKS protein kinase phosphorylates the PIN2 auxin efflux protein
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which is a key transporter of auxin during Arabidopsis root gravitropic response. It
was also shown that the CRK protein kinase has an important role in the regulation
of root and shoots gravitropisms in Arabidopsis. At 24 hours after reorientation by
135°, the wild type (wt) roots completely bended to the direction of gravitational
vector, while the roots of the T-DNA mutant allele of CRKS5 protein kinase (crk35-1)
rotated only at 90° (Fig. 1). The inflorescence of wild type (wt) Arabidopsis has
shown normal 90° rotation, while inflorescence of the crk5-/ mutant plants could
rotate only at 45° as it was demonstrated by Rigo ef al. (2013). As a conclusion, the
inactivation of CRKS protein kinase inhibits the normal gravitropic responses of
roots and shoots in Arabidopsis, respectively.

Col-0 crk5-1

Figure 1. Gravitropic defects caused by the crk-/ mutation. Root assays:
comparison of gravitropic responses of wild type (wt) and the mutant (crk5-1)
7 days old seedlings. The direction of gravity is indicated by black arrow.

The reason for the impaired gravitropic responses in crk5-1 mutant is the
alteration of the auxin distribution as compared to those of the wild type. Upon
gravistimulation by 135° rotation of the wild type roots, the asymmetric activation of
the auxin sensor DR5::GFP signal in the columella root cap and epidermis cells was in
four hours (Ottenschlager et al., 2003; Rigd et al., 2013). On contrary, in the crk3-1
mutant, the maximum of the asymmetric localization of DR5::GFP expression in the
root cap and epidermis was observed only at 9 h after application, thus a five hours
delay in the root gravitropic response in crk5-1. It was also shown that in vitro the
CRKS5 protein kinase phosphorylates the PIN2 auxin efflux protein which is a key
factor of the basipetal auxin transport. The results of immunolocalization of the PIN2
protein - which is the most important basipetal auxin efflux transporter — demonstrated
an altered PIN2 pattern in the crk5-1 mutant when compared to the wild type one (Rigd
et al., 2013). The intracellular localization of PIN2 is normally apical in epidermal and
basal in cortex cells in Arabidopsis wild type roots and this localization is determined
by a dynamic phosphorylation/dephosphorylation processes of the PIN2 protein.
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Improper phopshorylation of PIN2 in the case of crk5-1 mutant roots leads to improper
auxin transport, and consequently, to a delay of the auxin transport. So, it was found a
direct functional correlation between the asymmetric auxin distribution, improper PIN2
phosphorylation and gravitropic response delay in crk5-1 roots (Rigé et al., 2013).

Additional interesting information is that the intracellular localization of the
green fluorescence protein (GFP) tagged CRKS shows a U-shape facing outer lateral
walls of root epidermis cells plasma membrane distribution (Fig. 2 a). Such localization
pattern was only observed for boron transporters in Arabidopsis (Miwa et al., 2007;
Takanoa et al., 2010). This U-shape like pattern may indicate a role for CRKS5 protein
kinase in the microelement and water transport regulations, too.

A B

oG
CRK5-GFP Col-0 crk5-1

Figure 2. (A) Localization of the CRK5::GFP fusion protein in Arabidopsis root cap cells.
Note U-shape like localization pattern in root tips. (B) Demonstration of hydrogen
peroxide content in wild type (Col-0) and mutant (c7k5-1) roots of 6 days old
seedlings by 3, 3-diaminobenzidine (DAB) staining. The detection of
hydrogen peroxide was performed according to Ren et al., 2002

The role of CRKS protein kinase in abiotic stress responses

The plant ecosystems are significantly influenced by continuous fluctuation of
the climate. As a realistic tendency, a serious decrease in plant productivity is
forecasted in the near future within considerable parts of Europe. The most critical
environmental factors affecting plant productivity are drought, extreme cold and heat
and the increase in the salt content of the soil. Therefore, the aim to increase abiotic
stress adaptability of plants has become of great interest. For this reason, we continued
to further investigate the functional characterization of the CRKS5 addressing the study
of abiotic (osmotic and oxidative) stress response features of this protein kinase. We
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found that one mutant allele of the CRKS5 protein kinase develops longer roots than the
wild type allele under high saline concentration (Rigo6 et al., 2011). This means that the
CRKS protein kinase may also influence the osmotic stress regulation. We also found
that the hydrogen peroxide level in c7k5 mutant roots was altered compared to wild
type roots (Fig. 2 b). It is very intriguing to understand how CRKS5 might be a novel
player of ROS signal transduction in roots. The hydrogen peroxide is a multifunctional
molecule which participates in regulation of several signaling pathways including
within the oxidative stress responses of plants (Petrov and Van Breusegem, 2012). We
hypothesize that the CRKS5 protein kinase may regulate auxin signaling through
alteration of redox homeostasis of reactive oxygen species (ROS). Although the
functional characterization of the CRK protein kinase is still under examination, the
detailed investigations of the loss-of- function mutant of the CRKS protein kinase
revealed that this Ser/Thr type kinase may participate not only in gravitropic response
but also in the regulation of the response to abiotic stress.
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IN VITRO CYTOGENETIC STUDY OF THE MITOTIC DIVISION
IN BASIL (OCIMUM BASILICUM L.) PLANTS

DIANA-ELENA MAFTEI"®

SUMMARY. The cytogenetic studies on the in vitro - derived plants of Ocimum
basilicum L. (var. Greek basil) aimed to evince if and to what extent this type of
conventional culture altered the mitotic cell division. There were some differences
regarding the mitotic index, the distribution of cells during each phase of mitosis,
and also regarding the percentage of abnormal ana-telophases. The shoots obtained
on a culture medium supplemented with indole butyric acid (IB2 medium variant)
displayed the highest mitotic index (33.09), compared to the control (16.14) and to
the other studied variants. The lowest mitotic index (7.39) was registered on the A2
variant, enriched with indole acetic acid. Regarding the cell distribution on mitotic
phases, the highest percentage was registered by prophases, followed by telophases,
metaphases, and anaphases (in all the analyzed variants, including the control).

Keywords: basil, cytogenetic analysis, mitotic index.

Introduction

Basil (Ocimum basilicum L.) is a herbaceous, annual plant belonging to the
Lamiaceae family. It requires great amounts of light and high temperatures, being
resistant to drought (Muntean, 1990; Paun et al., 1988; Parvu, 2000; Tita, 2003). Its
essential oil comprises estragol, eugenol, linalool, citral, camphor, cineol etc
(Stanescu et al., 2002; Tita, 2003). The main actions of basil volatile oil are:
digestive, antispastic, antinauseous, carminative, choleretic, antifungic, stomachic,
galactagogue, diuretic (Stanescu, 2002). Taking into account that basil is a very
important plant from a pharmaceutical and economical point of view, morphogenetic
reactions in in vitro culture have been tested, as well as some explants’ growth and
development on several hormonali formulae, in order to evince possible valuable
genotypes and to develop an efficient technology for their micropropagation. The
present paper reveals several data on the cytogenetic studies in basil, that were aimed
to depict the influence of the in vitro culture system and of the growth regulators

'™ Corresponding author: Diana - Elena Maftei, University “Vasile Alecsandri” of Bacdu, Faculty
of Sciences, Dpt. of Biology, Ecology and Environmental Protection, +400234542411, 157 Calea
Marasesti, Bacau, Romania, E-mail diana.maftei@ub.ro



D.- E. MAFTEI

within the culture medium on the mitotic index, on the frequency of the abnormal
ana-telophases in the mitosis of root meristems, and the range of chromosomal
abnormalities, as well. The chromosomal aberrations, their type and frequency are
the subject of another research paper on Ocimum basilicum L. It was acknowledged
that the in vitro culture itself triggers a great genetic (somaclonal) variability, that
may be further used in amelioration.

Materials and methods

Ever since the 19th century — the moment chromosomes were discovered
(Hertwig, 1875), several methods of analysis were perfected, for their study during
both the mitotic and the meiotic cell division. One should consider the following
essential aspects:

1. To determine the chromosome number, their shape and size during mitosis, and
to prepare the karyotype for the respective species;

2. To study the intra- and interspecific chromosome and gene transfer;

3. To depict ploidy level for the intraspecific, interspecific, and intergeneric
hybrids, and of the plants treated with chemical substances that induce
polyploidy;

4. The study of aneuploids and gene arrangement on chromosomes;

To detect the homology degree of the chromosomes by means of studying

metaphase | of meiosis and their splitting during other phases of cell division for

the interspecific and intergeneric hybrids;

6. To study the chromosomal alterations (numeric or structural) caused by physical
or chemical mutagens (Raicu, 1987).

hdl

Cytogenetic studies have been conducted on basil roots of 1.5 to 3 cm in
length, harvested from vitroplants grown on different nutritive medium variants of MS
(Murashige — Skoog, 1962). The original plant belongs to the variety Greek basil,
brought from Greece, and cultivated at the 'Stejarul' Research Centre in Piatra Neamt.
The control variant was represented by small roots obtained from vitroplants grown on
hormone-free MS. The results were compared to the control sample, represented by
roots grown in vitro on the basic Murashige-Skoog culture medium (hormone-free).
The medium variants were: A, (comprising 2 ml/I"" indole acetic acid), N, (enriched
with 2 ml/I" naphthylacetic acid), BA; (comprising 1 ml/I" benzylaminopurine and
0.5 ml/I" indole acetic acid), B, (2 ml/I" benzylaminopurine), By, (0.2 ml/1’
benzylaminopurine), IB, (2 ml/l" indole butyric acid).

The plant material was fixed in Farmer solution and hydrolysed with HCI
18.5 % for 8 -10 minutes.

Colouring was achieved in a basic carbol-fuchsin solution, in concentration
of 10%.
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The slides were prepared using the squash technique.

Fresh materials have been examined under an optical microscope (NOVEX),
exposed to intense light using a blue filter to highlight the contrast between
chromosomes and cytoplasm. The mitotic index was calculated after the analysis of
each 10 microscopic fields/medium variant/preparate. All cells were counted, both in
mitosis and in interphase. The 10 microscopic fields were chosen at random on the
microscope slide, and the cell density was rather high. The same slides used to
calculate the mitotic index were studied to detect the abnormal ana-telophases/
preparate/nutritive medium variant. The latter type of microscopic analysis was
possible only using the immersion objective of the microscope (due to the cell size
and the large number of chromosomes). The chromosomal aberrations were
recorded, as well. The best microscopic preparates were rendered permanent (by
means of butanol, xylen, and Canada balm). The photos of different phases of the
mitotic division have been taken using the 40x and 100x objectives, with an
OLYMPUS digital camera.

Results and discussion

The cytogenetic analysis on Ocimum basilicum L. (Greek basil variety) was
aimed to provide data on the mitotic division, the variation of the mitotic index, the
frequency of the abnormal ana-telophases, the types of chromosomal abnormalities
(simple or complex) that occur during mitotic division in the root tip meristems of
the vitroplants cultured on several medium variants enriched with growth regulators,
compared to the control sample (vitroplants regenerated on the hormone-free
Murashige — Skoog medium).

The Ocimum genus comprises about 160 species and many varieties (Paun et
al., 1988). The chromosome number is 2n =48 (x = 12).

The cytogenetic studies during mitotic division revealed that there are still
variations of the chromosome number. E.g., for Ocimum basilicum var. citriodorum
(lemon basil) 2n = 72, and for the crispum variety 2n = 52; the basic chromosome
number is X = 12. The polyploidy and aneuploidy phenomena lead to variations of
the chromosome number in Ocimum basilicum, (Mukherjee et al, 2005).

Our research was done on Ocimum basilicum species, the Greek basil
variety (the explant-donor plants to start the in vitro cultures originated from Greece).
It was a difficult task to make the microscope slides using root meristems from the
basil vitroplants. Because the roots harvested from the in vitro basil regenerants were
extremely thin and frail there is a risk that the meristematic tip might remain within
the hard culture medium.

There was no record of the mitotic processes within the root meristems of
the basil vitroplants in the scientific papers published by other authors. This is the
reason for searching and implementing the best techniques regarding the hydrolisis
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and the best staining method of the biological material (many lab experiments were
performed). In an autochtone study on this species, performed on root meristems
from germinated basil seeds, not on roots from vitroplants, a series of modifications
issued at the material genetic level of meristematic cells of root tips are presented, as a
consequence of the treatment with 4-chlorohydrate-bromo-6-methyl-3-dimethylamino-
3-chromanone. The 1/10000 dilution induces the increase of frequency of mitotic
dividing cells. The cells with chromosome aberrations are in greater number in
treated variants, comparatively with control. The aberration spectrum is enough
large. (Axente et al., 2006).

The attempts to make the microscope slides using the staining with Schiff
reagent and acetic orcein were not successful. The genetic nuclear and extranuclear
content can be coloured with Carr solution. The chromosomes were evinced on
microscope slides within a fortnight since the roots were immersed in the staining
solution (a long period of time, compared to the other tested plant species). It
normally takes 24-48 hours of colouring, with certain variations due to the analyzed
species and the duration of hydrolysis.

To better highlight the genetic material, the roots were treated with a second
staining solution (besides Carr solution): they were coloured with acetic orcein, used
instead of acetic water for 10-15 minutes, previous to cell layout on the microscope
slide by means of the *squash’ method.

The experimental results for basil include the variation of the mitotic index
within the meristems of the vitroplants provided on many variants of the basal
Murashige — Skoog medium supplemented with growth regulators; the results were
compared to the control variant (shoots provided on the basal MS medium).

In case of the vitroplants that were analyzed cytogenetically, one should take
into account that the morphogenetic processes and the cell division are caused by a
series of internal and external factors, that influence the explant after inoculation.
These factors are: the genotype, the hormonal balance, the physiological stage of the
cultivated tissue, eventual pre-treatments applied to the explants or to the donor
plants, the plant growth conditions. All these factors act simultaneously and stimulate
(more or less) the explant development and the processes within the genome.
Nevertheless, it is hard to establish which of these factors has the greatest impact in
inducing various types of chromosomal aberrations.

In Ocimum basilicum, the meristematic cells of the control plants and of
those regenerated on various culture medium variants are small, oblong, rather hard
to examine and analyze using the 40X objective of the optic microscope. It was
ascertained that the mitotic activity was normal, cells in all phases of division have
been registered (Fig. 1-6).

In case of the meristematic cells belonging to the vitroplants grown on By,
medium (in which the dividing cells were smaller compared to the other analyzed
variants) it was rather frequently noticed the presence of several nucleoli inside the

74



CYTOGENETICS IN OCIMUM BASILICUM L.

interphasic nuclei (2-4 nucleoli/nucleus), a phenomenon observed in the BA; and 1B,
variants. The cytogenetic tests pointed out that the regenerants from the control
variant registered a mitotic index (M.L.) of 16.14. The medium variants enriched with
indole butyric acid (IB,) and with cytokinintauxin (BA,) displayed a M.I. far
superior, of 33.09 and of 29.41, respectively (Fig. 7).

The vitroplants provided on the A, variant (supplemented with indole acetic
acid) registered a M.I. lower than the witness: 7.39; similar cases were found for
three other variants: N, (M.I. = 8.88), B, (M.I. = 9.25) and B, (M.1. = 9.26) (Fig. 7).

Figure 1. Prophase surrounded by cells in Figure 2. Late prophase (BA, variant)
interphase (BA; variant)

»

"

Figure 3. Metaphase (control variant MS) Figure 4. Ana-telophase (BA; variant)
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Figure 5. Telophase (BA, variant) Figure 6. Prophase (BA; variant)

Control A2 N2 BA1 B2 1B2 BO2
(MS)

Medium variants
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Figure 7. Mitotic index (M.1.) for the vitroplants of Ocimum basilicum L.




CYTOGENETICS IN OCIMUM BASILICUM L.

Table 1.
Mitotic index and number of cells in mitosis in
the vitroplants of Ocimum basilicum L.

Cell distribution on mitotic phases

g el

2 8 E g PROPHASE METAPHASE ANAPHASE TELOPHASE

o = @ = .2 =R

= c= 83 o2 = 2 2 2

E 38 5E % 2 B & o« 8 = 8 g

g £ 2z = Z Z Z Z
MS 5469 883 16.14 513 58.09 160 18.12 45 5.09 165 18.68
A, 3462 256  7.39 116 45.31 66 25.78 2 0.78 72 28.12
N, 3940 350 8.88 180 51.42 100 28.57 10 1.00 60 17.14
BA, 4633 1363 2941 1180 86.57 74 5.42 16 1.17 93 6.82
B, 4017 372 926 249 6693 48 1290 9 241 66 17.74
B, 2828 936  33.09 828 8846 36 3.84 4 042 68 726
B, 3200 296  9.25 212 71.62 40 13.51 4 1.35 40 13.51

Regarding the cell distribution on mitotic phases, the highest percentage was
registered by prophases, followed by telophases, metaphases, and anaphases (in all
the analyzed variants, including the control). There was one exception: the
vitroplants from N, medium, in which the percentage of metaphases (28.57%) was
higher than the one of the telophases (17.14%).

The number of cells in anaphase decreased in the vitroplants regenerated on
several medium variants, compared to the control, excepting the variants A, and N,
where a low percentage of cells in prophase was registered for the control variant
(57.93%), compared to 66.93% (B, variant), 71.62% (B,), 86.57% (BA;) and
88.46% (IB,).

The cytogenetic study on vitroplants of Ocimum basilicum L. evinced a
normal mitotic activity. Cells in all phases of mitotic division been registered, with a
rather low M.L. in the control (16.14), more diminished in the variants A, (7.39), N,
(8.88), Bz (9.25) and B, (9.26) and higher in the vitroplants regenerated on BA;
(29.41) and 1B, (33.09) medium variants (Table 1).

We intend to further expand our cytogenetic studies on this species in order
to come with solid conclusions about the influence of the growth regulators on the
mitotic division and about the range, frequency and cause of the chromosomal

aberrations.

Conclusions

The cytogenetic observations made on root tip meristems of the regenerants
obtained by means of in vitro cultivation of Ocimum basilicum L. have indicated that
the growth regulators disturbed the functioning of the mitotic apparatus, i.e.the
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mitotic index (M.L.) of the vitroplants was diminished on certain hormonic variants
(Az, Ny, Bgy, B,) or augmented on other medium variants (BA,, 1B,), compared to
control plants.

Cells in all phases of mitotic division have been registered.

Further studies should be carried out in order to gain more knowledge about
the effect of the growth regulators on the molecular metabolism of the cell division
and of the cell cycle.
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WATER QUALITY ASSESSMENT FROM THE ARIES RIVER
CATCHMENT AREA BASED ON BENTHIC INVERTEBRATES

ANA-MARIA PANAITESCU"®,
MIRELA CIMPEAN' and KARINA PAULA BATTES'

SUMMARY. The present study represents the assessment of the Aries River
water quality in its headwaters, an area heavily affected by intensive tourism
activities from the Arieseni resort. The water quality was assessed using three
biotic indices based on benthic invertebrate communities: the Extended Biotic
Index (E.B.L.), the Biological Monitoring Working Party adapted for Poland
(B.M.W.P.-PL) and the Average Score Per Taxon (A.S.P.T.). Seven sampling
sites were considered, located both on the main river course and on its main
tributaries from the Aries River headwaters. The structure of the benthic
invertebrate communities, together with their indicative values for water
quality showed polluted waters at the source of the Aries River, an area
characterized by intense tourism. However, on going downstream, the river
exhibited good and high water quality, due to its self-cleaning capacity.

Keywords: A.SP.T., BM.W.P.-PL, EB.L

Introduction

Assessing river water quality based on benthic invertebrate communities
represents one of the methods recommended by the Water Framework Directive
2000/60/EC of the European Parliament.

Benthic invertebrates play a key role in aquatic ecosystems, representing the
link between autotrophs, allochthonous input and top predators (Wetzel, 2001).
Benthic invertebrates are a heterogeneous group in terms of their feeding behaviour,
habitat preferences or development, including both tolerant and intolerant taxa to
pollution, habitat alteration or other human impacts (Wetzel, 2001; Verberk et al.,
2002). Benthic communities have long been used as bioindicators for monitoring
water quality of streams, considering not only pollution but also other anthropogenic
influences (Hering et al., 2000).
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The Aries River catchment area represented the subject for many
hydrobiological studies, focused on algae, benthic invertebrates or fish communities
(Momeu and Peterfi, 2007; Momeu et al, 2007; 2009; Cupsa, 2009), but also on
interstitial fauna (Moldovan et al.,, 2011). These studies showed the major negative
impact caused by mining in Rosia Montana and Rosia Poieni areas. The present paper
focuses on the headwaters of the Aries River, upstream of these mining regions, where
a prosperous touristic resort developed in the past 20 years. Thus, the objectives of the
present paper are: (1) to analyze the structure of the benthic invertebrate communities
from the Aries River headwaters and its tributaries in the area; (2) to present their
dynamics and distribution; and (3) to assess the water quality from the study area.

Materials and methods

The Aries River flows through the Apuseni Mountains (Transylvania,
Romania), having its source on the North-Eastern part of the Cucurbata Massif (1761
m altitude) and a length of 164 km (Ujvari, 1972).

The study area is located in the upper Aries River catchment area, in the
Arieseni Commune, Alba county, which consists of 18 smaller villages, with a total
surface of 6310 ha. The Arieseni commune is traversed by the springs of the Ariesul
Mare River, flowing eastwards on a distance of 14.2 km (Ghinea, 2002). In fact, the
Ariesul Mare River is formed in the Arieseni Commune, and its main tributaries from
this area are: the Cobles River (with a length of 8.5 km), the Stei River (2 km in length)
and the Galbena River (6 km in length).

Benthic invertebrates were sampled from seven sites: three located on the main
river course and four located on its main tributaries from the area (The Galbena, the
Stei and the Cobles Rivers) (Tables 1, 2).

Table 1.
The seven sampling sites with their codes used for the present paper
Sampling site name Sampling site code
The Aries River — source S1
The Aries River — upstream Arieseni S2
The Aries River — downstream Arieseni S3
The Galbena River — source S4
The Galbena River — upstream the junction with the Aries River S5
The Stei River — upstream the junction with the Aries River S6
The Cobles River — upstream the junction with the Aries River S7

The invertebrate communites were sampled seasonally in 2012: in spring on
May the 13", in summer on August the 5" and in autumn on September the 23", The
samples were collected in plastic vessels, using a 250 um mesh net, and then preserved
in 4% formaldehyde. Subsequently, the samples were sorted in the laboratory, under a
dissecting microscope. Taxonomical identifications were made to the genus level for
Plecoptera (stoneflies), Ephemeroptera (mayflies), Turbellaria and Hirudinea; and to
the family level for Oligochaeta, Copepoda, Amphipoda, Trichoptera (caddisflies),
Diptera, Coleoptera, Odonata and Heteroptera. Based on these analyses, the following
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biotic indices were calculated: the Extended Biotic Index (E.B.L.) (Ghetti, 1997), the
Biological Monitoring Working Party, adapted for Poland (B.M.W.P.-PL) and the
Average Score Per Taxon (A.S.P.T.) (Walley and Hawkes, 1996; 1997).
Table 2.
Location of the seven sampling sites from the upper Aries catchment area, with their major
characteristics (sp — spring 2012; su — summer 2012; au — autumn 2012)

Sampling Altitude GPS Riverbed width Maximum depth
site (m as.l) coordinates (m) (m)
sp su au sp su Au
S1 1172 N 46°30'54.43" 1.5 1 0.7 0.25 0.25 0.20
E 22°40'51.67"
S2 1099 N 46°30'29.60" 3 3 2 0.30 0.30 0.30
E 22°41'36.93"
S3 799 N 46°27'25.52" 9 9 6 0.30 0.30 0.40
E 22°47'40.40"
S4 1419 N 46°28'18.19" 2 2 2 0.15 0.15 0.15
E 22°41'07.07"
S5 921 N 46°28'36.53" 3 2.5 3 0.40 0.40 0.20
E 22°44'52.55"
S6 908 N 46°28'28.62" 5 4 3 0.50 0.40 0.60
E 22°44"25.05."
S7 878 N 46°28'35.50" 8 8 8 0.40 0.40 0.30
E 22°45'39.34"

A (0
Google.edrth
| 4

Figure 1. Location of the seven sampling sites from the Aries catchment area (S1 -The Aries
River — source; S2 -The Aries River — upstream Arieseni; S3 -The Aries River — downstream
Arieseni; S4 -The Galbena River — source; S5 -The Galbena River — upstream the junction with
the Aries River; S6 -The Stei River — upstream the junction with the Aries River; S7 -The
Cobles River — upstream the junction with the Aries River) (source: GoogleEarth)
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Results and discussion

The relative percentage abundance was calculated in order to illustrate the
structure and dynamics of aquatic invertebrate communities from all the sites sampled
in spring, summer and autumn 2012 (Fig. 2 —4).

Chironomid larvae represended the group with the dominant percentage
abundance in all sampling sites, in all three seasons.

At the sampling site S1 - The Aries River — source, chironomids and
oligochaetes recorded the highest values of percentage abundance, because of their
ability to survive in very low dissolved oxygen conditions (Abel, 2002). These high
percentages indicated organic pollution caused by domestic wastes coming from the
touristic guest houses near the Arieseni ski track. These results differ from the data
published by Cupsa (2009), who found low numbers of oligochaetes at the Aries River
source in 2005. These higher oligochaete percentages in the river headwaters could be
caused by the increasing number of guest houses, appeared in the past few years,
directly related to waste waters and thus organic pollution.

Invertebrates characteristic to clean mountainous rivers: stoneflies, mayflies
and caddisflies appeared together with oligochaetes and chironomids at the other
sampling sites located on the main river course (S2-The Aries River — upstream
Arieseni, S3-The Aries River — downstream Arieseni), but also at the sites situated on
the three tributaries (S4-The Galbena River — source, S5-The Galbena River —
upstream the junction with the Aries River, S6-The Stei River — upstream the junction
with the Aries River, S7-The Cobles River — upstream the junction with the Aries
River) (Fig. 2 - 4).

In spring, chironomid larvae dominated the invertebrate communities from the
sampling sites S2 and S3, but stoneflies and mayflies became abundand in summer and
autumn. Thus, after the organic pollution indicated by tolerant taxa like chironomids,
the river was able to recover and intolerant groups returned probably from the
tributaries.

Invertebrate communities found in the main tributaries: the Galbena, the
Cobles and the Stre Rivers included the following groups: Plecoptera, Ephemeroptera,
Trichoptera and Amphipoda (Fig. 3 and 4), all represended by a small number in S1,
the Aries River source. Thus, the tributaries acted as an important sink of biodiversity,
used to repopulate the regions affected by pollution.

For the assessment of water quality, the benthic invertebrates were identified to
the taxonomical level required by each of the three indices: the E.B.I. (Ghetti, 1997),
the B.M.W.P.-PL and the A.S.P.T. (Walley and Hawkes, 1996; 1997).

A total number of 64 taxa were identified at the seven sampling sites (Table 3).
The lowest number of taxa (28) was found at sampling site S1. The taxa richness
increased on going downstream, with 31 at S2 and 33 at S3, respectively. Higher
numbers of taxa were found on the tributaries: 37 on the Galbena River (sites S4 and
S5), 38 on the Stei River and 39 on the Cobles River.
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Figure 2. The percentage abundance (%) of benthic invertebrate groups from three sampling

sites: S1-The Aries River — source
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Figure 3. The percentage abundance (%) of benthic invertebrate groups from two sampling
sites: S4-The Galbena River — source, S5-The Galbena River — upstream the junction with the
Aries River, in three different seasons (sp- spring, su- summer, au- autumn)

The lowest number of Ephemeroptera, Plecoptera, Trichoptera and Diptera
was recorded at sampling site S1, while the sites located on the tributaries (S4 — S7)
were characterized by a higher biodiversity, acting as a source for river repopulation
after pollution.
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Figure 4. The percentage abundance (%) of benthic invertebrate groups from two sampling
sites: S6-The Stei River — upstream the junction with the Aries River, S7-The Cobles River —
upstream the junction with the Arieg River, in three different seasons
(sp- spring, su- summer, au- autumn)

The three water quality indices (E.B.I., BM.W.P.-PL and A.S.P.T.) were
calculated based on the structure of benthic invertebrate communities from the seven
sampling sites. The water quality classes were calculated for each season separatelly
(Table 4).
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Table 3.

List of benthic invertebrate taxa identified in the seven sampling sites located on the main
river course and the main tributaries of the Aries River (S1-The Aries River — source,
S2-The Aries River — upstream Arieseni, S3-The Aries River — downstream Arieseni,

86

S4-The Galbena River — source, S5-The Galbena River — upstream the junction with the

Aries River, S6-The Stei River — upstream the junction with the Aries River,

S7-The Cobles River — upstream the junction with the Aries River)

Taxa Sites
S1 S2 S3 S4 S5 S6 S7
Nematoda X X X X X X X
Oligochaeta Enchytraeidae X X X X X X X
Gordiidae X
Haplotaxidae X X X X X X X
Lumbricidae X X X X X X X
Lumbriculidae X X X X X X
Naididae X X X X X X X
Tubificidae X X X X X X
Copepoda X X
Ostracoda X X X
Amphipoda X X X X X X
Hydrachnidia X X X X X X
Ephemeroptera Acentrella X X X
Baetis X X X X X X X
Caenis X X X
Centroptilum X
Cloeon X
Echdyonurus X X X X X X
Epeorus X X X
Ephemera X X
Habroleptoides X X X X X
Habrophlebia X X
Seratella X X X X X
Rhithrogena X X X X X X
Torleya X X X X
Plecoptera Arcynopteryx X X X X
Besdolus X
Brachyptera X
Isoperla X X X
Leuctra X X X X X X X
Nemoura X X X X X X
Perla X X X X X
Perlodes X X X X X
Protonemura X X X X
Taeniopteryx X
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Table 3. continued

Trichoptera Brachycentridae X
Goeridae X X

Hydropsychidae X X X X X
Hydroptilidae

Lepidostomatidae

Limnephilidae X X X
Polycentropodidae

Rhyacophilidae X X

Diptera Athericidae
Blephariceridae X

Lol E o I
RO X X

>

Ceratopogonidae

T T B R B

Chironomidae

Dixidae

Empididae X X X
Limoniidae X X X
Psychodidae

Simuliidae X X

T T - A

Syrphidae
Tabanidae
Tipulidae
Coleoptera Dytiscidae X X
Elminthidae X X X X X X
Hydrophilidae
Altele Aeshnidae X
Ancylus X X
Dugesia X X X X X
Helobdella X
Lymnaeidae
Sphaeriidae X X

According to E.B.I, the water quality classes were higher for all seven
sampling sites, while B.M.W.P.-PL and A.S.P.T. assigned lower quality classes to all
sites. An “accepted quality class” was considered, averaging the quality classes
showed by all the three indices. Only sampling site S1 was rated with moderate water
quality (class III); the rest of the sites were considered of good and high water quality
(class I-IT) (Table 4).
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Table 4.

The quality classes calculated according to the three biotic indices, and the accepted quality
classes, for the sampling sites considered in the Aries catchment area (E.B.I. — Extended
Biotic Index, B.M.W.P. — Biological Monitoring Working Party, A.S.P.T. — Average Score
Per Taxon, S1-The Aries River — source, S2-The Aries River — upstream Arieseni, S3-The
Aries River — downstream Arieseni, S4-The Galbena River — source, S5-The Galbena River —
upstream the junction with the Aries River, S6-The Stei River — upstream the junction with
the Aries River, S7-The Cobles River — upstream the junction with the Aries River)

Sites E.B.I. B.M.W.P. AS.P.T. Accepted
quality classes quality classes quality classes  quality classes

S1 II-111 I-1V 11 111

S2 I 1l 1l I-II

S3 I 1 1 I-IT

S4 I II II I-1I

S5 I I-IT 11 I-IT

S6 I I-IT I-IT I-IT

S7 I I-11 11 I-11

Conclusions

A total of 64 taxa were identified in the study area, with a minimum richness
of 28 at the Aries River source, a region heavily affected by tourism. The highest
number of taxa was found on the three river tributaries from the area, so they might
represent an important biodiversity source in repopulating affected river stretches.

In 2012, the water quality from the upper Aries river catchment area, based
on benthic invertebrate communities, was good and high (class I-II), except for the
touristic region near the ski track from Arieseni (where sampling site S1 was
located). The severe pollution from this area could be caused by intensive tourism,
massive deforestation, overgrazing, but also by the prolonged drought that led to low
river discharges, decreasing the self-cleaning capacity of the river.
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EFFICIENT METHODS IN TRAPPING WATER RAILS
(RALLUS AQUATICUS) AND LITTLE CRAKE (PORZANA PARVA)
FOR BIOLOGICAL STUDIES

ALEXANDRU-NICOLAE STERMIN', LIVIU RAZVAN PRIPON?,
ALIN DAVID'®, ELIANA SEVIANU® and IOAN COROIU'

SUMMARY. Water rail (Rallus aquaticus) and little crake (Porzana parva)
inhabit wetlands habitats which are hard to penetrate, therefore capturing rails
is quite difficult. But this method is in some cases necessary for studies on their
biology We shall describe and evaluate two types of traps used in capturing
little rails: Potter’s traps and automatic fall traps. Potter’s traps were mounted
on both sides of a net wall or in a funnel formed by the nets’ walls, while the
automatic fall traps were located on flat polyester plates. Calculating the
catching rate for water rail we found that the highest number of birds was
trapped in April, when the birds return from the wintering grounds and
establish their territory. The Potter traps have advantages for long term studies,
in areas with constant water level and also pose a lower risk on birds, while the
automatic fall traps have advantages in high fluctuating water level areas and
require little effort for their installation.

Keywords: automatic fall traps, catching rate, Potter’s traps, small rail.

Introduction

Water rail (Rallus aquaticus) and little crake (Porzana parva) are elusive
rails species, due to their secret life, hidden in the dense marsh vegetation (Ripley,
1977; Taylor, 1998). Wetland habitats dominated by reed (Phragmites australis) or
cattail (Typha latifolia or T. angustifolia) are really hard to penetrate, thus making
rail trapping a challenging task (Kearns et al., 1998).

Resolving this task allowed access to the specific biological samples (DNA,
feathers and measurements) necessary in studies regarding breeding biology,
philogeography and some behavioral aspects. In this paper we are describing and
evaluating two types of traps used in capturing water rails and little crakes: Potter’s
traps (Davis, 1981) and automatic fall traps (Bub, 1991).
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Materials and methods

We used two different field designs for arranging the Potter’s traps. Traps
were mounted on both sides of a net wall (Fig 1A), or in a funnel formed by the nets’
walls (Fig. 1B).
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H |_<||_<||i|“tttj

Upper view Lateral view

Figure 1. The mounting design of Potter’s traps (a- Potter’s trap, b- nets wall,
A- along a nets wall and B- in a funnel nets).

The design and dimension of the traps are described in Figure 2. The Potter’s
traps were located on the sides of a net wall, and once the location had been selected,
the vegetation was flattened with a 1.5 m long piece of wood. The transect width
ranged from 1.7 -2 m, and the length varied depending on the length of the net
segment. The net wall was supported and fixed on bamboo sticks. If the water level
did not exceed 10 — 20 cm, the traps were fixed at the basis of the net wall. In deeper
water, the traps were set at the water level.

In this study we used this type of Potter’s traps distribution in three transects,
located inside two reed beds where the water level generally ranged from 10 to 20
cm. Transects had a length of 20 m and contained 10 or 11 traps. In 2011 we placed
inside the traps small boxes containing fly larvae as bait.

We also used three Potter’s traps located on a funnel net wall. In our study
three traps of this types were placed, one located in a habitat dominated by reeds, with
a water level raging usually from 10 — 20 cm, and two in the habitats dominated by
cattail, where the water level exceeded 1 or 1.5 m. This type of traps where checked
three to four times a day, first check immediately after sunrise and last check after the
night fall.
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The automatic fall trap (Bub, 1991) consists of a rectangular metallic wire
mesh which is attached to a parallelepiped net (Fig. 3). Located on a flat surface, it is
propped with stick made of two complementary pieces, tied with a rope to the distal
side of the rectangle. The bait, consisting of live fly and Tenebrio sp. larvae, was
placed on the string (Fig. 3). Each larva was attached to the rope with a thin wire that
was wrapped around it, thus keeping it alive and wiggling to attract the birds.
Tenebrio sp. larvae, having a larger size than fly larvae, should be more conspicuous
and therefore are more easily spotted by the birds.
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Figure 2. The design of Potter’s traps.

un g

un (7
a7y

Figure 3. The designee of automatic fall traps.
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We used 6 traps in habitats dominated by cattail, where the water level
ranged from 1 to 1.5 m and 21 in a habitat dominated by reeds, with a water level
raging usually from 10 — 20 cm. We wanted the traps to float on water even when
water level fluctuated and therefore we placed each trap on polyester plates covered
by reed. Traps were checked at least every two hours, or even once an hour, if the
birds’ density was higher or if the trap was located inside a bird territory. Frequent
checks were necessary to prevent dehydration, as the captured birds had no access to
water.

Traps were active from April until the end of July, in different days, from
2010 to 2012. Taking into account the number of water rails captured each month and
relating it to the number of traps /days we calculated the catching rate for this species.

All the birds captured in this study were released.

Results

Throughout the entire study period we captured a total of 42 water rails (20
in 2010, 18 in 2011 and 4 in 2012, all of them with Potter’s traps) and 10 little crakes
(5 in 2011 - with Potter’s traps, 5 in 2012 - three with a Potter’s and two with the
automatic fall traps). Most of the water rails were captured during the morning hours.
The little crakes captured in automatic fall traps were caught during the entire day.
The highest water rails catching rate (number of birds captured /day) was recorded in
April and the lowest in June/July for each of the three years (Table 1).

Table 1.

(1313

The water rail catching rate (“- represents the period when the traps were not active)

April May June July
2010 0.55 0.30 0.20 -
2011 0.50 0.30 - 0.06
2012 0.15 0.05 - -

We found that traps covered with reed were more efficient than those left
uncovered. Covered traps provide shelter for captured birds, decreasing the stress
level and also protecting them against sun light and predators.

In addition to target species, we captured a number of other species. With the
Potter’s traps were also captured a spotted crake (Porzana porzana ), four bitterns
(Botaurus stellaris), two moorhens (Gallinula chloropus), six mallards (4nas
platyrhynchos), a little bittern (Ixobrychus minutus), warblers (Acrocephalus
schoenobaenus, A. scirpaceus, A. atrundinaceus and Locustella luscinioides), muskrats
(Ondatra zibethica), water rats (Arvicola amphibius), water turtles (Emys orbicularis),
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grass snakes (Natrix natrix), marsh frogs (Pelophylax ridibunda), common spade foot
(Pelobates fuscus), common rudd (Scardinius erythrophthalmus), tench (Tinca tinca),
european weatherfish (Misgurnis fossilis) and crucian carps (Carassius carassius).

Discussions

Potter’s traps installation requires a considerable effort, but they have a high
efficiency over several years, as the vegetation grows around them, still not covering
them, this fact being an advantage in long term studies (Table 2). The Potter’s traps
disadvantage is the fact that they are fixed on bamboo sticks at a certain height, and if
the water level changes with more then 10 — 20 cm, they get flooded. Potter’s traps
should be used only in areas where the water level is relatively constant (Table 2).

Table 2.

Advantages and disadvantages in using Potter’s traps or automatic fall traps

Potter’s traps Automatic fall traps
Advantage Disadvantage |Advantage Disadvantage

Long term studies X X
High ranging water level X

Constant water level X

Installation effort X

Low Birds life risk X X

Covering the traps with cut vegetation, increased the trapping efficiency and
also limited the stress on captured birds. Due to the limited set of data we cannot
confirm the favorable effect on trapping efficiency of fly or Tenebrio larvae in this
type of trap.

In areas with highly variable water level, we found that the automatic fall
traps placed on polyester plates were more useful. Another advantage is that these
traps are easy to install in the field and require less effort. The disadvantage of this
traps is that the birds have no access to water, being exposed to dehydration and sun
light, and therefore traps should be checked at least once every one or two hours, but
frequent checks might interfere with bird activity in the area.

The highest caching rate was recorded in April, when the birds returned from
the wintering grounds and established territory (Cramp and Simmons, 1980; Stermin
et al., 2012). During this period, especially males are very active and therefore more
trappable. Once their territories and boundaries are defined, the birds activity
decrease and so does the capturing rate.
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=== SHORT COMMUNICATION ===

COMMENT ON MACALIK ET AL. (2013) AND AN UPDATE ON
THE STATUS OF SYRINGA JOSIKAEA (OLEACEAE) IN THE
APUSENI MOUNTAINS, ROMANIA

BERTALAN LENDVAY" and MARIA HOHN'®

SUMMARY. Syringa josikaea is a rare and endangered shrub of the Carpathian
Mountains. Its distribution was not studied for a century and data on its populations
needed re-assessment. Macalik ef al. (2013) presented data on the distribution of S.
Jjosikaea in the Apuseni Mountains, which is, however, incomplete. Here we
complement the distribution data presented by Macalik et al. (2013) from the
literature and field survey we performed recently. Populations not mentioned by
Macalik et al. (2013) exist in the Somesul Cald Valley, the Galbenei Valley and
probably also in the Dragan Valley. We did not find populations reported by earlier
literature in the Aleu and Obirsia Valleys and in the main valley and side valleys of
Crisul Repede near Ciucea, Negreni and Lorau. The population in the Somesul
Cald Valley, the largest of all, needs special attention for conserving S. josikaea in
the Apuseni Mountains.

Keywords: Apuseni Mountains - Romania, distribution, Syringa josikaea.

Syringa josikaea Jacq. fil. ex Rchb. is a species of the Carpathians that has
attracted the attention of botanists for over a century as it has been considered a
Tertiary relict. However, until recently the last comprehensive summary of its
distribution was published by Fekete and Blattny (1913), and there was a clear need
for the evaluation of its accurate distribution. We have performed a detailed literature
and field survey starting in 2009 (Lendvay et al., 2012).

In the previous issue of this journal Macalik et al. (2013) reported the results
of their survey on the actual distribution of S. josikaea in the Apuseni Mountains,
Romania combined with an environmental niche modeling. Macalik et al. (2013)
gave detailed data on the size and location of the populations they had found,
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however the data they presented is not complete with respect to the actual
distribution of S. josikaea in the Apuseni Mountains. As the accurate knowledge of
the distribution of a species as rare as S. josikaea is essential for the establishment of
its effective conservation strategy, we would like to complement the data presented
by Macalik et al. (2013) with information on additional populations from our recent
survey on the distribution of S. josikaea (Lendvay et al. 2012).

Macalik et al. (2013) claim that S. josikaea has gone extinct in the Somesul
Cald Valley. However, we found that S. josikaea does still exist in the Somesul Cald
Valley, moreover this population proved to be the largest of the species in the
Apuseni Mountains (Lendvay et al., 2012). The exact population size is difficult to
estimate due to the dense and extensive clonal growth, but we assess the population
to consist of 100 to 200 individual specimens. The location of the population is the
extremely remote and hardly accessible bottom of the Somesul Cald Valley between
the dam of the Belis reservoir and the village of Rusesti. The population in the
Somesul Cald Valley is one of the earliest known S. josikaea populations (Landoz,
1844), however the most recent herbarium specimens were collected by Aladar
Richter in 1908 (deposited in BP herbarium, Budapest) and the last authentic
description before our report originated from Laszlo Katona, 1912 (Fekete and
Blattny, 1913). At Katona’s time this population was much larger; he observed it to
extend to the present location of the reservoirs constructed along the Somesul Cald
Valley in the 1960s and 1970s.

There is another S. josikaea population not mentioned by Macalik et al.
(2013), that in the Galbenei Valley, even though the existence of this population has
been known since Michalus discovered it (1887). The population was small and
declining already at that time. The one and only herbarium specimen from this
population was collected by Emil Pop in 1948 (deposited in CL herbarium, Cluj
Napoca), and the most recent personal confirmation of S. josikaea at this site before
our 2009 visit there originated from 1968 (Stefan, 1971). We found an extremely
small population consisting of two individuals in the lower part of the valley
(Lendvay et al., 2012).

Macalik et al. (2013) did not find S. josikaea in the Dragan Valley.
Literature reports regarding this population are imprecise (Fekete and Blattny, 1913;
Dihoru and Negrean, 2009). Careful analysis of the literature (Lendvay et al., 2012)
reveals that a report on a population probably referring to the Sebesului Valley was
misunderstood by later botanists as pertaining to the Dragan Valley. However, when
visiting the area, we did find some planted individuals in the village of Tranisu that,
according to local people, originate from forests of the Dragan Valley. Surveying the
valley, we have not found any individuals in the wild. As S. josikaea exists both in
the valleys north (Iad Valley) and south (Sebesului Valley) of the Dragan Valley, it
would not be surprising to discover S. josikaea specimens here as well.
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There are some additional sites with S. josikaea populations listed in the
older literature that Macalik ef al. (2013) do not mention. We have visited all such
sites and have not found live populations. These include a population in the Aleu
Valley (on the periphery of Pietroasa village), which was last confirmed by Stefan
(1971) and an other one in the Obirsia Valley (Obirsia village), which was last seen
by Blattny (1913), who claimed it to be extremely small and endangered by logging.
Given the fact that currently no S. josikaea specimens live at these locations we
consider these populations extinct.

The remaining earlier reports on populations are either indirect or obviously
originate from misunderstanding or mistranslation of geographical names (reviewed
in Lendvay et al., 2012). At such locations, namely, Ciucea, Negreni and Lorau we
have not found S. josikaea along the river Crisul Repede and its side valleys.

Syringa josikaea is a threatened species of the Apuseni Mountains mostly
growing as extremely small populations at distant sites. Special attention is needed to
preserve the species in its native environments with increasing human impact. The
most well known S. josikaea population in the lad Valley is protected by a
designated nature protection area and currently seems not to be endangered.
However, attention is required for the maintenance of the large S. josikaea population
in the Somesul Cald Valley. Forest management or road construction could cause
severe damage to this population. It would be desirable to establish a protected area
between the dam of the Belis reservoir and the village of Rusesti. All other
populations may currently be considered as too small to be viable on their own. In
these populations care should be taken for the S. josikaea specimens individually. For
the survival of these populations, it would be desirable to introduce specimens to
these sites from nurseries to strengthen these small populations.
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BONE DIAGENESIS AND FTIR INDICES: A CORRELATION

ANDRA-SORINA TATAR"™, OANA PONTA' and
BEATRICE KELEMEN'?

SUMMARY For the genetic analysis of ancient human remains to be done, the
most appropriate bone has to be selected for the extraction procedure. The osseous
tissue is already poor in DNA content, and the genetic material begins degradation
from the moment of death. The burial conditions influence the diagenesis
progress, affecting the composition and microstructure of the mineral component
of the bone, the hydroxylapatite, and also the integrity of the organic fraction,
which suffers chemical degradation and microbial attack. A complex interaction
between the organic and the mineral part, and the impact of different burial site
environments render remains with a variety of properties that affect the DNA
availability. Using FTIR Spectroscopy (Fourier Transform InfraRed
Spectroscopy), many of these variations in bone features can be interpreted,
correlated, and used in various further methodological approaches. The
crystallinity of the bone mineral and also its organic content can be characterized
through FTIR. A higher level of crystal order corresponds to a more degraded
bone, but a moderate adsorption of the DNA to the mineral crystallites can protect
it from chemical decay, making the interpretation of FTIR spectra a complex and
thoughtful procedure.

Keywords: ancient remains, crystallinity, diagenesis, FTIR.

Introduction

With the advent of state-of-the-art biological techniques, molecular
bioarchaeology has made tremendous progress in the last decades (e.g. Margulies
et al., 2005) allowing the scientific world to decipher more and more secrets of the
past. Of particular interest is learning the information encoded in the DNA of ancient
skeletons. After specific nucleotide sequences are determined, further interpretation
can be done, and understanding of the past takes a step forward. However, the
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genetic material is highly degraded and long enough, relevant fragments are difficult
to obtain depending on the degree of diagenesis the bone has undergone (Weiner,
2010).

Bone organic and mineral degradation

DNA degradation commences right after death, through autolysis, as the
endogenous enzymes from the lysosomes are released within the cells. All types of
biomolecules are attacked by specific proteases, lipases, carbohydrases and nucleases,
respectively. Some chemicals generated by this enzymatic digestion, such as peroxides
and acids may further deteriorate other molecules, increasing damage (Brown and
Brown, 2011). After the acute breakdown on the account of putrefaction is over
(Collins et al., 2002), remnant fragments of the macromolecules are then slowly
suffering a chemical defacement. On one hand, Aydrolysis manifests through the
cleavage of B-N glycosidic bonds, leaving the DNA with an abasic site that will further
lead to a nick in the strand. Cytosine and thymine are 20 times less liable than adenine
and guanine to this peril (Brown and Brown, 2011, Lindahl, 1993). Furthermore, the
packaging of the DNA in vivo has an effect on the size of initial fragmentation,
affecting mitochondrial DNA differently than the nuclear DNA, as circular molecules
are less accessible to nuclease activity (Collins et al., 2002, Allentoft et al., 2012).
Hydrolysis also leads to miscoding lesions, where the bases are deaminated: cytosine
turning into uracil that will complementary bind adenine instead of guanine, or adenine
turning into hypoxanthine that will bind cytosine instead of thymine (Lindahl, 1993,
Salamon et al., 2005; Brown and Brown, 2011). Guanine, by deamination turns into
xanthine that pairs with cytosine, so no mutation is induced, but xanthine will dislodge
from the ribose, leading to the formation of an apurinic site (Lindahl, 1993). On the
other hand, oxidation produces blocking lesions, scars obstructing the sliding of the
DNA-polymerase on the polynucleotide chain, oxygen or its free radicals breaking
chemical bonds within the bases or the ribose sugar (Brown and Brown, 2011). Water
and oxygen are indeed detrimental to DNA conservation, as ancient spores, protected
from excess water and kept anoxic by their shield seem to have a better preserved
genetic material (Lindahl, 1993). Also, the Maillard reaction that links sugars and
amino-acids, binding peptides to the polynucleotides, leads to blocking lesions. Other
major participants at the degradation of the organic material are the ubiquitous
microorganisms, whose secreted enzymes break molecules into smaller, absorbable
ones (Brown and Brown, 2011). At first, bacteria are mostly of endogenous origin,
from the intestinal tract, and after putrefaction is completed the soil microorganisms
might continue the process if the environmental conditions are favorable (Jans ef al.,
2004). Bell et al.(1996) considers the time between death and burial as a critical point
in the diagenesis of a bone, greatly influencing its fate. Nevertheless, it is important to
consider the fact that the DNA macromolecules are located in a complex medium,
interacting with the surrounding molecules. Adsorbed to the Ca*" ions in the mineral
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hydroxylapatite via the negative phosphate groups, DNA is two times less affected by
depurinization (Lindahl, 1993). A DNA molecule moderately adsorbed to the mineral
is much more stable over time and less affected by degradation, but a bond too strong,
owing to a higher surface area of the mineral crystallites, will heavily impair the DNA
isolation rate (Gotherstrom et al., 2002).

The exact chemical reactions affecting the DNA after biological repair
processes halt are mainly known, but the genetic material-to-whole bone ratio is
infinitesimal, so a study of the other bone components is applied in order to assess
the DNA availability.

The mature bone tissue is comprised of ~70% carbonate hydroxylapatite
(CHA), 20% organic matter and 10% water. The organic proportion is made up of
90% type I collagen, the most abundant protein in the human body, with most of the
rest 10% being osteocalcin (Buckley et al., 2008), the second most abundant protein
in the bone, other non-collagenous proteins and proteoglycans, lipids, and of course,
scarce amounts of DNA (Weiner, 2010). After death, the bone tissue becomes
unstable, while part of the water evaporates, a proportion of the organic material is
degraded and lost and the mineral fraction suffers extensive reorganization with an
increase in crystallinity and changes in porosity (Weiner and Bar-Yosef, 1990;
Collins et al., 1995; Nielsen-Marsh and Hedges, 2000; Collins et al., 2002; Hedges,
2002; Trueman et al., 2004; Rogers et al., 2010; Weiner, 2010; Brown and Brown,
2011; King et al., 2011; Muller et al, 2011).

Bone diagenesis is a complex process that has numerous variables modeling it,
so it is a rather difficult task to completely decipher all participations: microorganisms,
temperature, local hydrology, oxygen content, soil organic content, geochemical
properties and pH, and so on. A forensic study revealed that microbial attack in bone
tissue occurs at 