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Abstract 

Borrelia burgdorferi sensu lato. a tick-borne spirochete, is the causative agent of Lyme disease, 
the most prevalent vector-borne disease in Europe and United States. However, the incidence of 
this disease is variable and the clinical picture depends on the pathogen species. The infectivity of 
Ixodes ticks with Borrelia. was 46 'n and 35 c/c in 2000 and 2001 in Latvia, respectively, and 14 c/t 
in 2002 in Lithuania, assessed by nested polymerase chain reaction (PCR) amplification of the 
plasmid OspA gene fragment of Borrelia. PCR-restriction fragment length polymorphism (RELP) 
analysis of the 16S-23S (rrs-rrlA) rRNA intergenic spacer was used for typing of Borrelia directly 
in ticks. Species-specific primers and subsequent sequences analysis were used as another approach 
for Borrelia species typing. All three clinically relevant B. burgdorferi sensu lato genospecies (B. 
afzelii, B. garinii. B. burgdorferi sensu stricto) were detected in the ticks collected in Latvia. The 
same result was obtained earlier in Estonia. B. vulaisiuiut. a possible infectious agent of Lyme 
borreliosis, was detected only in Latvia. Only B. afzelii and B. garinii species were detected 
in ticks from Lithuania. Different subspecies were also identified. '1 his study demonstrates the 
predominance of the genospecies B. afzelii in all three Baltic countries, and the circulation of 
different B. burgdorferi sensu lato subspecies in the environment. This, know ledge might have a 
significant importance for monitoring of Lyme disease in Europe. 

Key words: Baltic region, Borrelia burgdorferi, Lyme disease, tick. 

Introduction 

Lyme disease ( L D . Lyme borreliosis) is a mult isystem and multistage infection caused by 
t ick-borne spirochetes of the Borrelia burgdorferi sensu lato genogrotip. 

Three species of this group have been confirmed as pathogenic for humans . These 
include Borrelia burgdorferi sensu stricto (distributed mostly in North Amer ica) . Borrelia 
afzelii (distributed in Western Europe . Central Europe and Russia) , and Borrelia garinii 
(distributed in Europe , Russia and northern Asia). Symptoms of L D include arthritis, 
cardit is , dermal symptoms and neurological symptoms, usually preceded by erythema 
migrans, a characteris t ic rash that begins days to weeks and spreading the bite site 
(Steere 2001). S o m e new cutaneous (alopecia) and ocular manifestat ions recently have 
been described (Schvvarzenbach et al. 1998; Kostler et al. 1999: Pleyer et al. 2 0 0 1 ; 
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Krist. Wenkel 2002), and a solitary borrclial l ymphocy toma was reported from Slovenia 
(Maraspin et al. 2002) . L D has become the most c o m m o n vector-borne disease in North 
America and Eurasia (Wang 1999). 

Lyme borreliosis in all locations is t ransmit ted by t icks of the Ixodes ricinus complex 
(Lane et al. 1991; Spie lman 1994). These ticks have larval , nymphal , and adult stages, 
they require a blood meal at each stage. In Europe , the principal vector is /. ricinus, and in 
Asia it is /. perstdcatus. Notably, both of these species are c o m m o n in Latvia and Estonia, 
and in the Baltic region of Russia (St. Petersburg region) . / . ricinus is the main vector of 
Lyme disease in Lithuania. 

PCR-based methods have became the most popular me thods in detection and typing 
of Borrelia burgdorferi sensu lato in different biological samples and clinical materials 
in the world. Sensit ive nested PGR method targeted B. burgdorferi specific OspA gene 
was used for the detection of the pathogen in field-collected ticks in our study. Molecular 
typing of B. burgdorferi from infected t icks was per formed by restriction fragment lenght 
polymorphism (RFLP) analysis of PCR-ampli f ied f ragments of 16S-23S (rrs-rrIA) rRNA 
intergenic spacer. For P C R - R F L P analysis the restriction enzyme Hitifl was used. This 
typing method is fast and sensit ive, and a l lows the differentiation of B. burgdorferi species 
directly in tick material without the need for isolation and culture of the microorganism. 

The prevalence rates of B. burgdorferi sensu lato species in ticks was suspected as 
a major factor in assessing the t ransmission risk of L y m e borreliosis in endemic areas 
(Matuschka et al. 1992; Hubalek et al. 1996). The a im of this study was to perform 
molecular typing of B. burgdorferi sensu lato. to invest igate the prevalence of clinically 
relevant B. burgdorferi species in host-seeking Ixodes tick populat ions in Latvia and 
Lithuania, and to compare these data to those obtained in Europe . This type of data can 
show the relative risk of infection with Lyme disease in the Baltic countr ies and offer a 
basis for comparat ive c l in ico-epidemiologica l s tudies of Lyme borreliosis in Europe. 

Materials and methods 

Collection of ticks 
Qtiesting ticks were collected by flagging of low vegetat ion in Latvia in 2000 and 2001 
and in Lithuania in 2002 . A total of 210 and 450 ticks were collected in different regions 
of Li thuania and Latvia, respectively. All t icks were identified for species, sex and stage; 
then each tick was placed in a separate plast ic tube and frozen at -20 C C until further use. 

DNA preparation 
Each tick was mechanically crushed with a sterile plast ic rod in a tube with 100 ft\ 
of T E buffer (10 mM Tris-HCl, 1 m M EDTA, pfl 7 .6) , and DNA was extracted by 
phenol-chloroform extract ion method. Briefly, buffer with tick was extracted with a 
100 (t\ phenol chloroform;isoamyl a lcohol mixture (25:24; I. pH 8.0) by vortexing 
and subsequent centriftigation to separate D N A from proteins. The upper layer after 
eentrifugation was transferred to a new tube and the D N A was reextracted with 100 //I 
chloroform by voitexing and centriftigation. T h e upper layer was again transferred to a 
new tube, and heated for 15 minutes (90 °C). Al iquots were frozen and stored at -20°C 
until further use. 
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Reference DNA 
D N A samples isolated from five reference strains (B. burgdorferi sensu stricto B 3 1 . B. 
afzelii ACA I, B. afzelii VS-461 , B. garinii Ip90. B. valaisiana VS-116) . kindly donated 
by S. Bergstrom, Umea . Sweden , and D. Postic. Pasteur Institute. France, were used as 
posi t ive controls in all PCR-based methods . 

B. burgdorferi detection by PCR amplification 
D N A amplification targeting the OspA gene located in linear plasmid Ip54 was performed 
as described by Priem et al. (1997) ; reaction condit ions were modified. Briefly, a 50-
fi\ PCR reaction vo lume contained a 3 /d aliquot of isolated DNA, 100 mM (each) 
deo.xynucleoside t r iphosphates (NB1 Fermentas , Lithuania), 1.5 U ofTaq DNApolymerase 
(NBI Fermentas , Li thuania) , and 30 pmol of each primer. First-round amplification 
employed primers P rZS7 (5' - GG G A ATA G GTCTA ATATTA G C C - 3 ' ; posit ions 18-39 of 
the OspA gene) as the forward primer and Osp5 (5 ' -CACTAATTGTTAA A G T G G A AGT-
3'. posit ions 660-682 of the OspA gene) as the reverse primer. The amplification profile 
for the first-round PCR consisted of 35 cycles of denaturat ion at 95 °C for 15 s. annealing 
at 50 °C for 20 s, and extension at 72 °C for 60 s. Three microlitres of the first-round 
PCR product was employed as a template in a second-round PCR with primers Osp6 (5 1-
G C A A A ATGTTA G C AG C C T T G AT- 3 ' ; positions 54-75 of the OspA gene) as the forward 
pr imer and Osp8 (5 ' -CG"n G T A T T C A A G T C T G G T T C C - 3 ' . positions 423-444 of the 
OspA gene) as the reverse primer. T h e amplification profile for the second-round PCR 
consisted of 25 cycles of denaturation at 95 °C for 15 s, annealing at 55 °C for 20 s, and 
extension at 72 °C for 30 s. PCR amplification resulted in a 391-bp product. Amplicons 
were visualized on a 1.5% agarose gel stained with ethidium bromide. 

To monitor for the occurrence of false-positive PCR results, negative controls were 
included during extraction of the tick samples: one control sample for each twenty tick 
samples . Negative and positive control samples were included each t ime that the PCR 
was performed. To avoid cross-contaminat ion and sample carryover, pre- and post-PCR 
sample processing and PCR amplification were performed in separate rooms, and plugged 
pipette tips were used for all fluid transfers. 

B. burgdorferi typing by 16S-23S rDNA spacer PCR-RFLP 
OspA gene-posit ive D N A samples were used in further analysis. Nested PCR targeting 
the 16S-2.3S (rrs-rrlA) rDNA spacer region was performed as described by Liveris 
et al. (1999). Ten-microli t re aliquots of the nes ted-PCR amplification products were 
subjected to RFi ,P analysis by digestion with 2 LJ of Hinf I (NBI Fermentas . Lithuania) 
according to the manufac turer ' s instructions. M//z/'l-digested fragments were analyzed by 
electrophoresis in a 1.5 ''/<•• agarose gel stained with ethidium bromide. 

Species-specific PCR 
Species-specific PCR targeted I6S rRNA gene with B. garinii. B. burgdorferi sensu 
stricto and B. valaisiana specific primers were performed as described elsewhere. 
(Liebisch et al. 1998) 

PCR-RFLP of 5S-23S rDNA spacer amplicons 
In order to compare B. garinii strains detected in ticks from Latvia to those typed in 
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Table 1. The prevalence of different B. burgdorferi genospecies in Latvia, Lithuania and Estonia. 
*, Data from this study. **, Data fromT. Priikk et al. 1999 

Country No. of Borrelia % (No.) of ticks infected by different genospecies 
ticks positive B. afz.elii B. garinii B. burgdorferi B. valaisiana 
le-,ted ticks (</<••) sensu stricto 

1 .ilhuaiua* 204 15.7 68 (19) II (5) 0 0 
Latvia* 450 46.0 (year 2000) 76 (80) 18 (19) 2(2) 2 (2) 

34.9 (year 2001) 

Estonia** 422 5.5 65 (15) 17(4) 13 (3) 0 

Europe, the 5S-23S r D N A P C R - R F L P typing method was used as described elsewhere 
( P o s t i c e t a l . 1994). 

DNA sequencing 
PCR amplicons were purifying with a D N A extract ion kit (NBI Fermentas , Lithuania) 
according to the manufacturers instruct ions. For D N A sequencing reactions, the 
fluorescence-labeled dideo.xynucleotide technology was used (Perkin-Elmer, Applied 
Biosystems Division). The sequenced fragments were separa ted , and data were collected 
on an AB1 automated D N A sequencer (Perkin-Elmer , Appl ied Biosys tems Division). 

Nucleotide sequence accession number 
The 5S-23S rDNA intergenic spacer sequence of the B. garinii that was found in this 
study is available in the GenBank database under the access ion number AY 163784. 

Statistical methods 

Statistical insignificant differences were calculated us ing the x2 test. 

Results 
Prevalence of Borrelia in ticks 
Altogether, 450 ticks collected in different regions of Latvia (years 2000 and 2001) and 
204 ticks collected in different regions of Li thuania (year 2002) were analyzed. The 
overall prevalence of Borrelia in ticks in Latvia in the yea r 2000 was 4 6 % which was 
significantly higher (P<0.05) than in 2001 (35 % ) . T h e overall prevalence of Borrelia in 
ticks in Lithuania was 14 %, significantly lower (P<0.05) than in Latvia. In Table 1 the 
obtained results are compared with those from Estonia in 1999. 

Typing of B. burgdorferi directly in ticks by RFLP analysis 
The rrn cluster of most B. burgdorferi sensu lato strains contains a single copy of 16S 
rRNA (rr.v) and tandem repeated 23S rRNA (rrlA and rrlB) and 5S rRNA (Fukunaga et 
al. 1992; Schwartz et al. 1992; Gazumyan et al. 1994: Ojami et al. 1994). T h e rDNA 
gene cluster is located at the center of the linear c h r o m o s o m e and is arranged in the 
following order: rrs-rrlA-rfA-rrlB-rrfB. The rrs-rrlA intergenic spacer is about 3,2 kb in 
B. burgdorferi sensu stricto and 5 kb in B. garinii and B. afzelii (Schwartz et al. 1992; 
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Table 2. The number of eases of I. yme disease in North-European countries. Data are from 
EpiNorth - Bulletin of the Network for Communicable Disease Control in Northern Europe 

Country 1999 2000 2001 
or region Total No Per 100000 Total No Per 100000 Total No Per 100000 

inhabitants inhabitants inhabitants 
Norway 146 3.3 138 3.1 124 2.8 

Finland 404 7.8 895 17.2 691 3.3 
Estonia 321 2~> ^ 601 43.X 342 25.0 

Latvia 281 11.5 472 19.4 379 16.0 

Lithuania 766 20.7 1713 46.3 153 33.0 

St. Petersburg 265 5.6 541 1 1.3 323 6.7 
region 

G a z u m y a n et al. 1994; Ojami et al. 1994). We used the typing method based on the PCR-
R F L P analysis of a highly variable 1 6S-23S (rrs-rrlA) r D N A spacer previously described 
by Liveris et al. (1999) . This method can be performed rapidly with small DNA amounts , 
thus obviat ing the need for culture isolation. Amplification of the partial rrs-rrlA spacer, 
followed by digestion with Hin/1 produces species-specific R F L P patterns. 

A total of 135 and 28 ticks from Latvia and Lithuania, that were positive after B. 
burgdorferi detect ion, respectively, were employed for further analysis. The amp]icon 
was obtained from 106 and 24 samples , respectively. P C R - R F L P species-specific pattern 
analysis showed that in Latvia 76 % of samples belonged to B. afzelii (80 samples) . 
18 '/e - to B. garinii (19 samples) . 2% - to B. burgdorferi sensu stricto (2 samples) , and 
2 % were B. valaisiana (2 samples, Table 1). Results were confirmed by species-specific 
PCR analysis (data not shown) . Two different B. garinii subtypes were identified. Those 
samples differing from the reference strain Ip90 were employed for the 5S-23S rDNA 
P C R - R F L P analysis and sequencing of the 5S-23S rDNA PCR amplicon. The obtained 
sequence was compared with data in the GenBank. The results confirmed these samples 
as B. garinii and closely related to the NT 29 isolate from Russia. In Lithuania. 68 rA (19 
samples) belonged to B. afzelii, 1 8 % (5 samples) to B. garinii. 

Discussion 

In Europe . Lyme borrel iosis is widely established in forested areas (Steere 2001). The 
highest reported frequencies of the disease are in middle Europe anil Scandinavia, 
part icularly in German . Austria, Slovenia , and Sweden. The infection is also found in 
Russia. China, and Japan (Steere 2001) . Epidemiological data presented in EpiNorth -
Bulletin of the Network for Communicable Disease Control in Northern Europe shows 
that the status of Lyme disease in the three Baltic countr ies is endemic (Table 2). The 
number of cases of Lyme disease in this region is higher than in neighbouring Northern 
Europe countries except ing the St. Petersburg region of Russia. 

We investigated the prevalence of B. burgdorferi sensu lato genotypes in questing 
ticks from Latvia and Lithuania, and compared the restdts with those obtained in Estonia 
and the Baltic region of Russia (St. Petersburg region). The study shows that there is a 
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considerable risk of contract ing a borrelia infection in all three Baltic countries, and that 
a large human poptdation is at risk. T h e ext remely high percentage of infected ticks in 
2000 in Latvia correlates with the high number of registered cases of Lyme disease that 
year (Table 2). 

Not all strains of the described Borrelia species are pa thogenic for humans . Currently, 
only B. burgdorferi sensu stricto. B. garinii and B. afzelii have been cultured from Lyme 
disease patients in Northern Amer ica and Europe (Wang 1999). However , recently two 
other species. B. bissettii and B. valaisiana, were reported to have been cultured from a 
LD patient in Europe (Schaarschmidt et al. 2 0 0 1 : Maraspin et al. 2002). D N A specific 
for B. valaisiana has been detected by PCR from patients with LB (Probert et al. 1995), 
and B. valaisiana specific antibodies have been de te rmined in patients sera (Ryffel et 
al. 1999). Therefore, we can expect that all B. burgdorferi sensu lato species mentioned 
above can cause Lyme disease in Europe. 

It has been proposed that the different species of B. burgdorferi sensu lato are 
associated with distinct clinical manifestat ions of L B : Lyme arthritis with B. burgdorferi 
sensu stricto infection, neuroborrel iosis with B. garinii infection, and acrodermati t is 
chronica et atroficans (ACA) with B. afz.elii infection (Wang 1999). Litherature 
indicates that the clinical features of Lyme borrel iosis may depend on the species of 
the causative agent. Nevertheless , in everyday clinical practice, the determinat ion of 
Borrelia burgdorferi species cannot be made . Therefore , the analysis of Borrelia species 
in ticks and interpolation of their relative incidence to the clinical cases is the only 
single possibility to foresee the pathogenesis of definite clinical cases today. The latter 
is significant for elaborat ion of prophylact ic measures ( including vaccination with the 
single commercially available vaccine against the B. burgdorferi sensu stricto) and for 
therapeutic strategy in Lyme borreliosis cases in the Balt ic region. 

This study shows that B. afzelii is the most prevalent genospecies of B. burgdorferi 
complex in Latvia and Lithuania. B. garinii, B. burgdorferi sensu stricto and B. valaisiana 
have also been detected in quest ing ticks from Latvia. T h i s finding is in agreement with 
a previous study by Kurtenbach et al. (2001) . btit our study covered a wider region. 
However, in the former study B. valaisiana was detected in I 8 % of ticks compared to 
2 7c in our study. This may be explained with the differences of the collection strategy of 
ticks, since only ticks from the Riga region were included in study by Kur tenbach et al. 
(2001). 

In summary. B. afzelii. B. garinii, B. burgdorferi sensu stricto and B. valaisiana 
species were detected in Ixodes ticks in Latvia. All of these four genospecies were 
detected also in the St. Petersburg region of Rtissia (Alekscev et al. 2001) . In Estonia. 
B. afzelii. B. garinii. B. burgdorferi sensu stricto were detected in questing ticks (Postic 
et al. 1997: Priikk et al. 1999). Only B. afzelii and B. garinii were detected in ticks from 
Lithuania. The differences might be explained by an uneven distribution of B. burgdorferi 
sensu lato in Europe, or simplv by an unsufficicnt tick sample size investigated. 

The most prevalent B. afzelii and B. garinii genospec ies are the most probable 
aetiological agents responsible for the more than an 2000 cases per year of Lyme disease 
in the three Baltic countries. 

5S-2.LS rDNA spacer amplicon sequence analysis showed that the second B. garinii 
subtype is closely related (99 7c similarity. B L A S T ) to the B. garinii NT29 variant. The 
NT29 subtype is most frequently isolated bv culture from /. persulcattts ticks in Russia 
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and Estonia, and 7 out of 8 isolates from human skin biopsies in Russia were identified 
as this type (Postic et al. 1997). Interestingly, this variant, frequently isolated in Japan 
(Fukunaga et al. 1993: Fukunaga el al. 1996), is absent in Western and Central Europe 
(Post ic et al. 1997). Sequence analysis of variable regions could be a useful tool for 
unders tanding the evolution of different species and subspecies, and probably could 
help to explain the different pathogenesis of different B. burgdorferi species. Our results 
also clearly show that the distribution of different B. burgdorferi genospecies in Europe 
depends on the distribution of the Ixodes vector. With the exception of the most northern 
regions , the distribution area of ixodid ticks covers all of Europe. The study in Finland 
demons t ra tes that even very urban parks can serve as habitats for /. ricinus ticks (Junttila 
et al. 1999). Interestingly, Postic et al. (1997) suggested that the absence of B. burgdorferi 
sensu stricto from all regions where / . persulcaius is the single vector could be explained 
by the inability of /. perstdcatus to harbour and to transmit this genospecie . Further 
invest igat ions of this observation are required, and knowledge of the epidemiology of 
the LB vectors and their infestation rate is essential for understanding the risk of LB in a 
local setting. 

Acknowledgements 

This work was supported by a Counci l of Sciences of Latvia grant ( # 0 2 . 0 9 2 4 ) . We thank 
Dr. Inta Jansone for her cont inuous support and help in this project. We also acknowledge 
the donat ion of reference strains by S. Bergstrom (LTnea, Sweden) , and D. Postic (Institut 
Pasteur, France). 

References 

Alekseev A. N.. Dubinina H.V. Van De Pol I.. Sellouts L. "001. Identification of Ehrlichia spp. 
and Borrelia burgdorferi in Ixodes licks in the Baltic regions of Russia. ./. Clin. Microbiol. 39: 
2237-2242. 

Fukunaga M. Yanagihara Y.. Sohnaka M. 1992. The 23S.3S ribosomal RNA genes (rrl/rrf) arc 
separate from the I 6S ribosomal RNA gene [ITS] in Borrelia burgdorferi, the etiological agent 
of Byrne disease J. Gen. Microbiol. 138: 871-877. 

Fukunaga M.. Sohnaka M.. Yanagihara Y. 1 993. Analysis of Borrelia species associated wish Lyme 
disease by rRNA gene restriction fragment length polymorphism. J. (Jen. Microbiol. 139: 
I 141 -1 146. 

Fukunaga VI.. Koreki Y. 1996. A phylogenetic analysis of Borrelia burgdorferi sensu lato isolates 
associated with Lyme disease in Japan by llagellin gene sequence determination. Int. J. Svsl. 
Bacterial. 4b: 416-421. 

Gazuinvan A.. Schwartz. J.. I.iveiis I).. Schwartz I. 1994. Sequence analysis ol the ribosomal RNA 
operon of the I .vine disease spirochete. Borrelia burgdorferi. Gene 146: 57—65. 

Hubalek 7... HaUm/ka J.. Juricova 7. 1996. A simple method of transmission risk assessment in 
enzootic foci of Lyme borreliosis. Eur. J. Epidemiol. 12: 33 1-333. 

Junttila J.. Pehomaa VI.. Soini H.. Marjamaki M.. Viljanen VI.K. 1999. Prevalence of Borrelia 
burgdorferi in Ixodes ricinus ticks in urban recreational areas of Helsinki. J. Clin. Microbiol. 
37: I 361-1365. 

Kostler E.. Hubl W.. Seebacher C. 1999. PCR detected Borrelia burgdorferi DNA in a tissue sample 
in pseudopelade. Brocip Hauler:.! 50: 897. 

Krist D.. Wcnkel II. 2002. Posterior scleritis associated with Borrelia burgdorferi (Lyme disease) 



14 R. Ranka, K. Salmina, M. Zygutiene et al. 

infection. Ophthalmology 109:143-145. 
Kurtenbach K.. De Michelis S., Sewell H.S.. Etti S.. Schafer S.M.. Hails R., Collares-Pereira 

M.. Sanlos-Reis M.. Hanincova K., Eahuda M.. Bormane A.. Donaghy M. 200E Distinct 
combinations of Borrelia burgdorferi sensu lato genospecies found in individual questing ticks 
from Europe. Appl. Environ. Microbiol. 67 : 4926—4929. 

Lane R.S.. Piesman J., Burgdorfer W. 1991. Lyme borreliosis: relation of its causative agent to its 
vectors and hosts in North America and Europe. Annu. Rev. Entomol. 36: 587-609. 

Eiebisch G., Sohns B., Bautsch W. 1998. Detection and typing of Borrelia burgdorferi Sensu Lato 
in Ixodes ricinus ticks attached to human skin by PCR. J. Clin. Microbiol. 36: 3355-3358. 

Liveris D.. Varde S.. Iyer R.. Koenig S.. Bittker S.. Cooper D.. McKenna D., Nowacowski J.. 
Nadelman R., Wormser G.. Schwartz I. 1999. Genetic diversity of Borrelia burgdorferi in Lyme 
disease patients as determined by culture versus direct PCR with clinical specimens. 7. Clin. 
Microbiol. 37: 565-569. 

Vlaraspin V.. Cimperman J.. Lotrie-Eurlan S., Ruzic-Sabljic E., Jurca T., Picken RN.. Strle F. 2002. 
Solitary borrelial lymphocyioma in adult patients. Wien Klin. Wochenschr. 114: 5 15-523. 

Matuschka F.R.. Fischer P.. Hciler M., Blumcke S.. Spielman A. 1992. Stage-associated risk of 
transmission of the Lyme disease spirochete by European Ixodes ticks. Parasitol. Res. 78: 
695-698. 

Ojami C , Davidson B.E. Saint Girons ]., Old 1. 1994. Conservation of gene arrangement 
and unusual organization of rRNA genes in the linear chromosomes of the Lyme disease 
spirochaetes Borrelia burgdorferi, B. garinii and B. afzelii. Microbiology 140: 293 1-2940. 

Pleyer [).. Priem S.. Bergniuun 1... Burmester G.. Hailinann C Kcause A. 2001. Detection of 
Borrelia burgdorferi DNA in urine of patients with ocular Lyme borreliosis. Br. J. Ophthalmol. 
85: 552-555 

Postic D.. Assous M.V., Grimont P.A., Baranton G. 1994. Diversity of Borrelia burgdorferi sensu 
lato evidenced by restriction fragment length polymorphism of rrf (5S)-rrl (23S) intergenic 
spacer amplicons. Int. J. Syst. Bacterial. 44: 743-752 

Postic D.. Korenberg E.. Gorelova N.. Kovalevski Y.V.. Bellenger H.. Baranton G. 1997. Borrelia 
burgdorferi sensu lato in Russia and neighbouring countries: high incidence of mixed isolates. 
Res. Microbiol. 148: 691-702. 

Priem S.. Rittig M.. Kamradt"]'.. Burmester G.. Krause A. 1997. An optimized PCR leads to rapid 
and highly sensitive detection of Borrelia burgdorferi in patients with Lyme borreliosis. J. Clin. 
Microbiol. 35: 685-690. 

Prober! W.S., Allsup K..VE. LeFebvre R.B. 1995. Identification and characterization of a surface-
exposed. 66-kilodalton protein from Borrelia burgdorferi. Infect. Iminun. 63: 193.3-1939, 

Priikk L. Raukas E.. Martin M.. L'stav VI. 1999. Prevalence of ticks infected with Borrelia 
burgdorferi in Estonia, '/.em. hi. Bakteriol. 289: 706-710. 

Ryffel K... Peter O.. Rutti B.. Suard A., Dayer H. 1999. Scored antibody reactivity determined by 
immunohlotling shows an association between clinical manifestations and presence of Borrelia 
burgdorferi sensu stricto. B. garinii. B. afzelii. and B. valaisiana in humans. J. Clin. Microbiol. 
37; 4086—K)s>2. 

Schwartz J.J.. Gazumyan A. Schwartz 1. 1992. rRNA gene organization in the Lyme disease 
spirochete. Borrelia burgdorferi. J. Bacterial. 174: 3757-3765. 

Schwarzenbach R.. Djawari D. 1998. I'seudopelade Brocq - possible sequela of stage 111 borrelia 
infection.' Haufarzr 49: 835-837. 

Sehaarschmidl D., Oehmc R.. Kimmig P., Hesch R.D.. Emglisch S. 2001 .Detection and molecular 
ts ping of Borrelia burgdorferi sensu lato in Ixodes ricinus ticks and in different patient samples 
from southwest Germany. Eur. ./. Epidemiol. 17: 1067-1074. 

Spielman A. 1994. The emergence of Lyme disease and human babesiosis in a changing 
environment. Ann. A'. )' Acad. Sci. 740: 146-156. 

Steere A.C. 2001. Lyme disease. .V. Engl. J. Med. 345: I 15-125. 



Prevalence of Borrelia burgdorferi sensu Icuo in Ixodes ticks 15 

Wang G., van Dam A. P., Schwartz (.. Dankert J. 1999. Molecular typing of Borrelia burgdorferi 
sensu lato: ta.xoriomic. epidemiological and clinical implications. J. Clin. Microbiol. Rev. 12: 
633-635. 

Dazadu Borrelia burgdorferi sensu lato sugu prevalence Ixodes erces 
trijas Baltijas valstls 

Renate Ranka1*, Kristine Salmina 1, Milda Zjgutiene2, Bronius Morkunas 2, Antra 
Bormane 3, Viesturs Baumanis' 

BiomedicTnas studiju un pefijumu centre. Latvijas Universitate. RatsupTtes iela I, Riga, LV-1067, 
Latvija 
^Centre for Communicable Diseases Prevention and Control. Vilna, Lietuva 
'Vides veselTbas centrs, Riga. Latvija 
*KorespondCjosais autors. E-pasts: r e n a t e ^ ' biomed.lu.lv 

K o p s a v i l k u m s 

Laima slimTbu (Laima boreliozii izraisa Borrelia burgdorferi sensu lato spirohetas, ko daba 
purnesa erces. PetTjuma ar' I6S-23S rDNA starpgenu rajona polinieraz.es kedes reakcijas-restrikcijas 
fragmentu polimorhsma analyzes (PCR-RFLP) metodi tika noteiktas tas Borrelia sugas. kas cirkule 
Latvija un Lietuva. Dati tika salidzinati ar Igaunijas un Krievijas ('Sanktpeterburgas apgabals) 
datiem. Visas trls B. burgdorferi sensu lato sugas (B. afzelii, B. garini un B. burgdorferi sensu 
stricto), kas sobrld tick uzskatTtas par galvenam Laima slimTbas izraisltajam. ir atrastas Latvijas 
erces, Irdzlgs rezultats tika zinots no Igaunijas. Lietuva crces tika atrastas tikai B. afzelii un B. 
garini sugas. Sis petTjums skaidri parada B. afzelii sugas dominesanu visas tris Baltijas valstls. 
PCtTjumi par dazadu Borrelia sugu cirkulaciju apkarteja vide var but loti bQtiski Laima slimTbas 
monitoringam Firopa. 
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Abstract 

The insertion sequence 1S6110 is a mobile genetic element typical for Mycobacterium tuberculosis 
complex (MTC) bacteria. Due to its narrow host range, this insertion element can be used for rapid 
identification of pathogenic mycobacteria. The aim of this study was to evaluate the diagnostic 
value of the IS6110 element in comparison with common molecular and microbiological methods. 
A total of 170 clinical specimens from tuberculosis (TB) patients were tested for the presence 
of 1S6110 by polymerase chain reaction (PCR). Detection of M I C by IS61 10-PCR revealed the 
highest number of MTC positive specimens (40.6 %) in comparison to commercial LCx assay 
(27.6 %) and to the commonly used methods for estimating bacteria growth: BACTEC system 
(20.6 %) and on Lowcnstein-Jensen medium (15.3 %). IS6110-PCR was shown to be a rapid and 
specific method for identification of the Mycobacterium tuberculosis complex. It was found to be 
especially useful for confirming diagnosis in cases of smear- and culture-negative results, when the 
clinical expansion of tuberculosis was obvious. 

Key words: Identification, insertion sequence 6110, Mycobacterium tuberculosis complex, 
polymerase chain reaction. 

Introduction 

Mobi le genetic e lements like insertion sequences (IS) and t ransposons are found 
in bacteria, archaebacter ia and eukaryotes . Insertion sequences are D N A fragments 
encoding their own ability to t ranspose within the genome . The function of most mobile 
genetic e lements is unknown and they are usually considered to be genome parasites. In 
the genus Mycobacterium, there are three groups of IS, which are usually host specific. 
IS are between 880 bp and 2260 bp long and are found in one to more than 20 copies in 
the ch romosome (Guilhot et. al. 1999). One of those, a 1361 bp long insertion sequence 
named LS6i 10, first described by Thierry et al (1990) , is present in the Mycobacterium 
tuberculosis complex ( M T C ) only. M T C contains four genetically and serologically 
related pathogens causing disease in human and in cattle: M. tuberculosis. M. bovis. M. 
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ufricanuin and M. microti. The majority of invest igated M T C strains contained between 
5 and 20 copies of IS6110 located in var ious places of the genome (van Sool ingen et al. 
1993). 

Recent ach ievements in molecular microbio logy such as comple te genome 
sequencing of the M. tuberculosis H 3 7 R v strain opened new perspect ives in the study 
of mycobacter ia (Cole et al. 1998). At the same t ime , a dramat ic increase of tuberculosis 
(TB) incidence wor ldwide in the last decades induced an urgent need for new molecular 
markers enabling rapid detection of M T C , a mean causa t ive agent f o r T B . It is known that 
smear examinat ion may not be effective in non-pu lmonary , pediatric or paucibacil lary 
disease, or where HIV is prevalent (Rigouts , Portaels 2001). Recent ly developed 
molecular methods based on detection of mycobacter ia l proteins (protein antigen B) , 
I6S rRNA or DNA fragments, are d issolving this problem. Of these methods , the 
amplification of insertion sequences is mos t c o m m o n l y used. 1S6110-based PCR enables 
detection of nucleic ac ids from M T C direct ly in clinical spec imens : sputum, bronchial 
washings , urine etc. (Eisenach et al. 1988; Hance et al. 1989). IS6110-PCR is a more 
rapid, sensitive and specific in compar i son to o ther me thods routinely used in clinical 
laboratories; such as smear microscopy, and cul tur ing on solid and on liquid media 
(American Thoracic Society Workshop 1997). Detect ion of M T C in cerebrospinal fluid 
(CSF) from patients suspected to have tuberculous meningit is is of great value since 
cultivation and microscopy may often fail to reveal a low amount of bacteria. 

In this study, IS6110 was chosen due to several reasons . Firstly, a narrow host range 
of the IS6110 al lows use of this e lement for precise identification of M T C . Secondly, it 
is usually present in m o r e than five copies and can be used as a molecular marker for 
strain differentiation in epidemiological studies (van Sool ingen et al. 1993). The aim 
of otir study was to evaluate the sensitivity and specificity of the IS6110 amplification 
method on smear-negat ive samples , in compar i son with s m e a r microscopy and culturing 
on solid Lowenste in-Jensen medium. We expec ted a higher sensitivity of IS6I 10-PCR 
in comparison to commercia l ly available sys tems f o r T B detection and M T C culturing, 
such as the Abbott LCx assay and B A C T E C . LCx assay is a DNA-related T B diagnostic 
system based on protein antigen b gene fragment amplification (Andresen, Hansen 
1989). but perhaps, is not as sensitive as IS6110-PCR s ince only one copy of the antigen 
b gene is present in the MTC genome . B A C T E C is a precise radiometr ic system for 
mycobacteria growth detection, but it usually requires several weeks to grow a sufficient 
amount of bacteria. 

Materials and methods 

In total more than 2 5 0 specimens of bronchial wash ings (76 % ) , sputum (I I % ) , 
cerebrospinal fluid (4.3 9c), urine (3.5 % ) , smear (2.6 %) and stomach washings (2.6 %) 
were obtained from Latvian patients admit ted in 1998-1999 to the State Centre of 
Tuberculosis and Lung Diseases with suspected and confirmed T B . The patients had 
clinical symptoms of lung diseases or had suspicion of pulmonary/extrapulmonary 
tuberculosis shown by clinical and/or X-ray examina t ion . Each patient was represented 
by one specimen or. in several cases, by various spec imens from different locations. The 
specimens were directed f o r T B detect ion by the Abbot t LCx (Eigase Chain Reaction) 
commercial kit (Abbott laboratories, I l l inois, U S A ) , most ly in cases when bacteria growth 
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was negative on the B A C T E C system (Becton-Dickinson, Sparks , USA) or with repeated 
smear-negat ive baeter ioscopy results. In our study, 157 smear-negat ive specimens were 
selected, al lowing to test whether ES61 10-PCR is more sensitive in compar ison to the 
c o m m o n l y used methods . A small control group of 13 specimens with smear-posi t ive 
baeter ioscopy results was included. The results of our study were interpreted in the 
context of the clinical findings. T B history and the efficiency of chemotherapy. 

All specimens were collected and processed by the standard A'-acetyl-L-cysteine-
NaOH procedure (Kubica et al. 1963). Smears were analyzed by fluorescent microscopy 
and the corresponding samples were inoculated on solid (Lewenste in-Jensen) and liquid 
( B A C T E C ) med iums . T h e LCx assay was performed at the Centre of Tuberculosis in 
accordance with the manufac turer ' s recommendat ions (Ausina et al. 1997). D N A isolates 
for LCx reaction contained 0.5 ml LCx buffer, 27 m M M g C L , NaN, and glass beads. After 
the LCx analysis IS6110-PCR was directly applied to samples . The D N A concentration 
method (Boom et al. 1990) was used for extraction of DNA from several smear-negat ive 
specimens of C S F and bronchial washings received in year 2001 . 

The 245 bp fragment (from 6 3 3 to 877 nucleotide positions of the 1S6110 sequence) 
was amplified in house using primers 5 ' - C G T G A G G G C A T C G A G G T G G C - 3 ' and 5 ' -
G C G T A G G C G T C G G T C AC A A A - 3 ' (Hermans et al. 1990). Initially, the nested PCR 
method was used. At the first s tep, a 1224 bp fragment (from 47 to 1270 nucleotide 
posi t ions) of IS6110 was amplified and was used as a reaction template at the second step, 
where a 245 bp fragment was produced. Later, the first step of nested PCR was omitted 
since it did not show any advantages and the 245 bp fragment was directly amplified 
from specimens. Five /d of DNA isolate in LCx buffer was added to the PCR mixture 
[containing PCR buffer with (NH;) ,SG\ . 200 piM of each dNTPs , 10 pinoles of each 
primer and 1 U of Taq D N A Polymerase 9 M B I Fermentas , Vilnius. Li thuania)! to a final 
vo lume of 25 fi\. The optimized cycl ing protocol was used a Progene cycler (Techne, 
Cambr idge , England) with initial denaturat ion at 95 °C for 2 min, fol lowed by 40 cycles 
(95 °C for 15 s, 65 °C for 20 s. 72 °C for 1 min) and a final extension (72 °C for 10 min). 
PCR products were analyzed by electrophoresis in 2 % agarose gel ( B i o R A D , Hercules, 
USA) and were visualized with e thydium bromide. A positive PCR signal indicated the 
presence of the M T C genome. In each set of reactions, one negative control and one 
positive control ( D N A from the M. bovis BCG vaccine strain) were included. The reaction 
specificity was confirmed by digestion with PvuII (MBI Fermentas . Vilnius, Lithuania) 
and by hybridization with an appropriate 3 2 S-labeled fragment. Testing was repeated on 
specimens with negative amplification results, with an external addition of control DNA 
from the M. bovis BCG strain in order to evaluate the presence of a P C R inhibitor. 

Results 

The detection limit of IS61 10-PCR. est imated by amplification of serial di lut ions of DNA 
from the M. bovis BCG strain conta in ing only one copy of IS6110, was 5 fg per probe. 
This amount of DNA can be isolated from two bacterial cells, meaning that our PCR 
method is able to detect at least two bacteria, each containing one copy of IS61 10. The 
fact that MTC usually contains more than one IS6110 copy increases the detection level 
of our in house method. 

The comparat ive results of M T C detection in 170 specimens are shown in Table I. 
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Table 1. Comparison of the In house IS6 110-PCR method and TC clinical laboratory results 
obtained for 170 specimens. *. number of PCR false positive after adjustment with LCx results and 
samples suspected in cross contamination 

Method used MTC positive 

(total n=170) 
Discrepancy (PCR-positive 
and 1-4 method-negative) 

Baeterioscopy 13 (7.6 %) 56 (32.5 %) 
Growth on 26(15.3 %) 39 (22.9 9c) 

Lowenslein-Jensen medium 
Growth in BACTFC system 35 (20.6 %) 44 / 25* (25.8 % ! 14.7 %*) 

LCx assay 47 (27.6 %) 32 (J8.8 9c) 

IS61 10-PCR 69 (40.6 %) -

Detection of M T C by 1S6110-PCR revealed the h ighes t number of M T C positive 
specimens (40.6 %) in comparison to LCx assay (27 .6 %•) and to the commonly used 
methods for est imation of bacteria growth: on B A C T E C (20.6 9c) and on Lowenstein-
Jensen (15.3 9c) med iums . Smear microscopy (bae ter ioscopy) , which is reliable in 
detecting M T C bacteria only when present in high amoun t s , was the least sensitive with 
13 (7.6 %•) M T C posit ive specimens . This g roup of 13 spec imens was M T C positive by 
all of the remaining methods (100 % specificity for smear-posi t ive specimens) . 

1S6I 10-PCR was the most sensitive method in compar i son to LCx assay and to other 
clinical laboratory methods . However , the lack of a "golden s tandard ' - for amplification 
methods does not exc lude false posit ive results . Therefore , cultivation on B A C T E C 
radiometric liquid sys tem is still considered to be the mos t reliable tool for detection of 
M T C (Nordhoek et al. 1994). Sensitivity and specificity of PCR was estimated on the 
basis of B A C T E C results (Elder et al. 1997). Thus , 91 P C R negative results and 26 PCR 
positive results ( together 68.8 %) were in accordance with B A C T E C system, and were 
considered as true negat ive and true posit ive, respectively. PCR gave posit ive results in 44 
(25.8 '«.) cases. Of 4 4 PCR-posi t ive results 12 were con-elated with LCx assay results, but 
not with B A C T E C resul ts , a method internat ionally cons idered as a standard method for 
detection of M. tuberculosis. Therefore , these P C R results should be considered as false 
positive, and the overall specificity for IS6110-PCR es t imated as 67.0 %. After charging 
of 32 PCR and LCx discrepant results plus seven suspected cross-contaminated samples, 
the total number of false positive results was 25 and the PCR specificity was 79.0 %. 
Nine (5.2 %) discrepant PCR-negat ive and BACTEC-pos i t i ve results were observed, 
thus the est imated overall PCR sensitivity was 72 %. T h e r e were nine (5.2 %) discrepant 
PCR-negat ive and LCx-posi t ive cases and four (2.3 %•) discrepant PCR negative and 
Lowenslen-Jensen culture-posi t ive cases . False posi t ive LCx or B A C T E C results may 
have been caused by laboratory contaminat ion. False negat ive results may be explained 
also by the absence of IS6110 fragment in the M. tuberculosis pathogen also. Inhibition 
of amplification reaction by remains of c lumps , blood and urine present in a specimen is 
another probable cause for false negat ive PCR (Forbes 1997). 

Clinical material isolated from C S F was studied as in this case there was an obvious 
requirement for rapid and precise d iagnost ics . In our study, seven smear and culture-
negative C S F spec imens showed negative results by both amplification methods (1S6110-
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Table 2. Evaluation of PCR-based methods applied on clinical materia! isolated by Boom method. 
SCF. cerebrospinal fluid; L, bronchial washing; -, negative PCR signal; +. positive PCR signal, 
indicating the presence of MTC genome; ++. strong positive signal; +w. weak positive signal; WT, 
wild type (no resistance encoding mutation found). H37Rv strain was used as a PCR positive con­
trol. B and C. types are different groups of genetic patterns, revealed by molecular typing of MTC 
bacteria 

Clinical IS6110- Rifampin Rifampin lsoniazid Mixed Evaluation Clinical 
number PCR suscept. suscept. suscept. linker based diagnosis 

by Inno-LiPA by rpoB by katC PCR on PCR 
kit gene 

sequencing 
gene 

sequencing 
typing 
pattern 

results 

CSF 3024 + WT WT WT B type Drug 
suscept 

TB 

Tuberculous 
meningitis 

CSF 3025 ++ WT WT WT B type Drug 
suscept. 

TB 

Tuberculous 
meningitis 

E-202 + WT WT' WT C type Drug 
suscept. 

TB 

Lung TB 

L- 204 + VV WT WT - Atypical False Atypical 

H37Rv ++ WT WT WT Typical 

positive pneumonia 

strain 

PCR and LCx) . The results were correlated with the clinical findings. Later, several 
spec imens were received from patients with stispicion of TB or tuberculous meningitis, 
a l though they had smear-negat ive results. The specimens were analyzed using the Boom 
(Boom et. al. 1990) method, by increasing the DNA concentrat ion. All of these samples 
showed positive 1S6110-PCR results, confirming the presence of M T C bacteria. In 
addit ion to 1S6110-PCR, drug susceptibil i ty molecular tests and PCR-based molecular 
typing were performed in the Biomedical Research and Study Centre. The results of PCR-
based methods for M T C detection, molecular drug susceptibility test ing and molecular 
typing of several spec imens are summarized in 'Fable 2. In three cases (CSF-3024. 
CSF-3025 and L-202). our results were in good agreement with the clinical findings and 
were used for elaborat ion of therapeutic strategy. In one case (L-204) , the PCR methods 
s h o w e d a weak amplification signal and an atypical genetic pattern in Mixed Linker 
PCR. A suspicion of a false posit ive result was confirmed by the d iagnos is of atypical 
pneumonia . Unfortunately. Abbott LCx assay was not applied to these specimens , and 
laboratory invest igat ions, except as smear negative baeterioscopy, were not available. 
Ant i -TB chemotherapy was begun for these drug-susceptible persons. 

Interestingly, only two of these methods, 1S61 10-PCR and Mixed-Linker PCR. 
were initially designed for a low amount of DNA present in clinical material. The 
described molecular methods for drug susceptibility testing (Inno-LiPA kit. rpoB and 
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katG gene fragment sequencing) are usual ly appl ied for larger amounts of D N A isolated 
from bacterial culture. In most cases , a low content of D N A is an obstacle for further 
application of molecular methods in clinical material . In our study, these methods were 
shown to be sensitive enough to give correct results for clinical material when D N A was 
concentrated using the B o o m method. 

Discussion 

Nucleic acid amplification gives the best chance of detect ing M T C in smear negative 
samples. IS6110-PCR is rapid and relatively s imple me thod : PCR results are available 
in 1 or 2 days instead of several w e e k s needed to g rowth mycobacter ia in the B A C T E C 
system. IS6110-PCR was show ;n to be able to detect a mycobacter ia l genome in variable 
clinical material - sputum, bronchial lavage, C S F etc. T h e results were comparable with 
other studies in which P C R was used for d iagnosis of (mainly pulmonary) T B . where 
the sensitivity and specificity ranged be tween 70-100 % when a cul ture of M T C was 
taken as golden s tandard (Forbes 1997). However , in practice, many problems occur 
due to inhibition or due to cross-contaminat ion with the products from previous PCRs 
(Nordhoek et al. 1994). We separated rooms and ins t ruments used at each PCR step: 
PCR mixture preparat ion, sample addit ion and PCR product analysis . Also, specimens 
with negative PCR results were control led for the presence of inhibitors. For this aim, 
PCR-negat ive specimens were repeatedly tested with a parallel addit ion of M. bovis 
DNA. Absence or weak amplification of M. bovis B C G D N A indicated the presence of 
inhibiting factor. 

As PCR is able to detect both dead and live M T C bacteria, some patients may remain 
PCR-posi t ive for mycobacter ia l D N A several months after treatment. Therefore, 44 
discrepant PCR-posi t ive and BACTEC-nega t i ve samples were evaluated in the context of 
the clinical findings. Clinical data was available for 38 patients. Fifteen (39.5 %) of them 
had active T B , confirmed clinically and by X-ray examina t ion . Eight patients had already 
received a drug therapy course for a period from three days to several months and seven 
patients have not started treatment. Interestingly, only four of those patients were detected 
as MTC-posi t ive by LCx assay. Eight (21 %) patients had inactive T B with after-effects, 
thus confirming that PCR can detect dead or do rman t mycobacter ia . In general, the 
clinical findings were in agreement with the shown presence of the M T C genome among 
66 % of the false posi t ive samples . Seven (18 %) spec imens were , possibly, contaminated 
during the bronchoscopy procedure. Extrapolat ion of the PCR results for the remaining 
six (16 %) patients was problematic. 

This study showed the advantages of PCR-based T B detection prior to mycobacter ia 
culturing and admit t ing of chemotherapy. It is likely that, in the cases of smear positive 
results, there is no additional need in ISfil 10-PCR, and it is useful only to distinguish 
M T C from the other acid-fast bacteria. Therefore . IS6I 10-PCR can be recommended in 
cases of smear- or B A C T E C - n e g a t i v e results. Invention of PCR-based detection methods 
may increase a number of recovered T B cases and may dramatical ly shorten the time 
required f o r T B diagnost ics . 
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Uz inserciju secTbas IS6110 balstlta polimerazes kedes reakcija: lietojums 
patogeno mikobakteriju noteiksanai 
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Bratkovskis2,TatjanaTracevska1* 
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:Valsts tuberkulozes un plausu slimTbu centrs, Stopini, Rlgas rajons, LV-2118, Latvija 
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K o p s a v i l k u m s 

Insercijas sekvence LS6110 ir Mycobacterium tuberculosis komplcksam (MTC) rakstungs mobilais 
genetiskais elements. Saimnieku loks sim insercijas elementam ir saurs, un tadel to var lietot 
mikobakteriju atrai noteiksanai. Darba merkis bija salTdzinflt sa genctiska clemcnta diagnostisko 
vertlbu ar pcizTstamam moiekularam un mikrobiologiskam metodem. Dazadus klmiskos paraugus no 
170 tuberkulozes slimniekiem parbaudTja uz IS6110 klatbutni ar polimerazes kedes reakciju (PCR). 
MTC noteiksana ar 1S61ICFPCR deva visaugstako pozitlvo atbildi (40.6 '7c), salTdzinot ar LCx 
testu (27,6 %) un ladam noteiksanas metodem ka bakteriju kultivcsana BACTEC sistema (20,6 %) 
vai uz Levensteina-Jensena barotnes (15.3 %). ParadTts. ka LS6110-PCR ir atra un specifiska 
MTC identitikaeijas metode. Tai ir Tpasa vertTba tajos gadTJumos. kad ir nepiecicsams apstiprinat 
mikobakteriju klatbutni, ja mikroskopiska izmeklesana un kultivesana bijusas nesekmlgas. 
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Abstract 

Germline mutations of the tumour suppressor gene CDKN2A/p 16 have been reported in association 
with familial melanoma, sporadic melanoma and pancreatic cancer. We studied the possibility of 
mutations in the CDKi\2A/pl6 gene in patients with melanoma and additional unrelated cancer and 
in patients with additional unrelated cancer in their family history as well. Twenty live melanoma 
patients with additional cancer and twenty six melanoma patients with additional unrelated cancer in 
their family history were studied. The entire coding region of the CDKN2Alpl(> gene was screened 
by single stranded conformation polymorphism analyses and direct DNA sequencing. No germline 
mutations were detected in the observed melanoma patients. The previously described Alal48Thr 
and 500 C7G polymorphism were detected. It appears that the cancer development in the patients 
studied is related to a combination of low-risk susceptibility genes and environmental factors. 

Key words: Cancer, CDKN2Alpl6, melanoma, mutations, polymorphism, tumour suppressor 
gene 

Introduction 

During the past several decades the incidence of mal ignant melanoma has increased 
throughout the world. T h e main risk factors for me lanoma deve lopment are sunlight 
exposure (Geller, Annas 2003) and hereditary predisposit ion (Bataille 2000) . Cytogenetic , 
l inkage and molecular analyses of familial and sporadic melanoma provided evidence for 
the involvement of CDKN2A or tumour suppressor gene on ch romosome 9p21 (Cannon-
Albright et al. 1996). This gene encodes a cycl in-dependent kinase ( C D K ) inhibitor p l 6 
(Serrano et al. 1993) that arrests progression of the cell cycle at the G1 checkpoint prior to 
S phase. A non-functional pi 6 protein has lost its regulatory capacity and can not constrain 
cells from passing through the cell cycle (Ruas and Peters 1998). Somat ic CDKN2A/pJ6 
mutat ions have been registered in a great variety of human tumours (Foulkes et al. 
1997), providing evidence for CDKN2A/p 16 involvement in the deve lopment of these 
mal ignancies . Germl ine mutat ions of the CDKN2A/pl6 tumour suppressor gene have 
been reported in associat ion with familial melanoma (Hussussian et al. 1994; Yakobson 
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et al. 2000 ; Mantelli et al. 2002) and in sporadic m e l a n o m a with multiple primary lesions 
(Auroy et al. 2001) . Additional pedigrees with individuals carrying CDKN2AJpl6 
mutations who exhibit both me lanoma and other cancers , including pancreatic cancer 
(Bartsch et al. 2002 ; Lynch et al. 2002) , breast c ance r (Borg et al. 2000) , neurofibroma 
(Petronzelli et al. 2001) , and gl ioma (Tachibana et al. 2000) , have been described. The 
presence of CDKN2A/pl6 germline mutat ions in m e l a n o m a kindreds with coexist ing 
additional cancers suggest an associat ion of these muta t ions with increased risk for 
various mal ignancies (Platz et al. 2000) . It was shown that about 3 % of melanoma 
patients developed another melanoma or addi t ional unrelated cancer (Retsas et al. 2000) . 
There is a hypothesis that patients with me lanoma and addit ional unrelated cancers may 
harbour mutat ions in the CDKN2Alpl6 gene (Alao et al. 2002) . 

According the data of the Latvian Cance r Registry, the incidence of malignant primary 
melanoma in Latvian populat ion is about 150 individuals a year. Same of these patients 
developed another additional cancer and several have an addit ional coexist ing cancer in 
their family history. 

The aim of the present study was to screen for CDKN2AJpl6 germline mutat ions in 
patients with me lanoma and addit ional unrelated cance r developed in the same individual, 
as well as in patients with a family history of m e l a n o m a unrelated cancer. S o m e patients 
belonged to both groups. 

Materials and methods 

Patients 
Melanoma patients were recruited through the Latvian Oncologica l Center, where they 
completed a brief family history, indicating any first and second degree relatives with 
a clinically confirmed cancer. T h e including cri teria for examined melanoma patients 
was clinically and histologically confirmed mal ignant me lanoma with i) additional non-
melanoma cancer (n=25) . or ii) cancer in family history (n=26) . All participants enrolled 
in this study received a brief explanat ion of the a ims of the study, agreed to participate, 
and signed an informed consent form approved by the Central Medical Ethical Commit tee 
of Latvia. 

Mutation detection 
Genomic DNA was extracted from blood samples by the standard phenol-chloroform 
extraction method followed by ethanol precipi tat ion. 

Polymerase chain reaction-single s tranded conformational polymorphism (PCR-
SSCP) analyses of the entire pi 6 coding region and an untranslated 3 ' portion of the gene 
was carried out by amplifying exon 1 B, exon 2 f ragments 2A, 2B, 2 C and exon 3 using the 
primers given in Table 1 and described ea r l i e r fHussuss ian et al. 1994). The PCR reactions 
were performed according to the manufacturer ins t ruct ions (Fermentas) . Briefly, the 30 
ul reaction mixture consisted of 10 x P C R buffer (100 m M Tris-HCI, pH=8.8 and 500 
mM RC1), 0.2 m M of each deoxynuc leos ide t r iphosphate , 1.5 mM magnes ium chloride, 
0.5 U Taq polymerase, 0.5 ftM forward and reverse pr imers , and 100 ng genomic D N A . 
For exon IB and the exon 2 fragments 2A, 2B , and 2C, amplification 5 % D M S O was 
included. Each sample was denatured at 94 C C for 5 min and subjected to 30 amplification 
cycles: denaturation at 94 °C for 30 s. anneal ing (at tempera tures specific for each exon as 
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Table 1. Primers used for PCR amplification of exons of the CDKN2Alplf> gene. Primer names 
beginning with X are derived from the nitron sequence. The other primers are numbered according 
to the cDNA sequence. Primer names ending with F and R denote forward and reverse primers, 
respectively 

Exon Primer Primer sequences p ' - 3 ' j Annealing 

temperature 

("C) 

Product 
size (bp) 

IB X1.31F GGGAGCAGCATGGAGCCG 63 204 
X1.26R AGTCGCCCGCCAT CCCCT 

2A X2.62F AGCTTCCTTTCCGTCATGC 56 204 
286R GCAGCACCACCAGCGTG 

2B 200F AGCCCAACTGCGCCGAC 56 147 
346R CCAGGTCCACGGGCAGA 

2C 305F TGGACGTGCGCGATGC 56 189 
X2.42R GGAAGCTCrCAGGGTACAAATTC 

.1 X.3.90P CCGGTAGGGACGGCAAGAGA 64 169 
530R CTGTAGGACCTTCGGTCjACTGATCJA 

given in Table 1) for 30 s and extension at 72 °C for 30 s. The final extension was at 72 °C 
for 5 min. Following PCR, 10 /d of each reaction product was run on 1.5 % agarose gels 
to verify the presence of an amplification product. For single stranded conformational 
po lymorphism analysis , 1 to 2 p] PCR product was mixed with 5 u\ loading buffer 
(95 % formamide, 10 m M N a O H , 0 .25 % bromophenol blue, and 0.25 % xylene cyanol), 
denatured at 95 °C for 5 min and chilled on ice. Products were run on 6 % polyacrylamide 
gel in at least three different condi t ions (7 °C, 10 °C. 15 °C). The D N A bands were 
visualised by silver staining. 

All samples with aberrant migrat ing bands found in P C R - S S C P analyses were further 
investigated by direct D N A sequencing. PCR product was cut out from agarose gel. 
purified by using a D N A extraction kit (Fermentas . Lithuania) according the manufacturer 
instructions and subjected to 25 cycles of sequencing reaction by using a terminator cycle 
sequencing kit (BigDay; Applied Biosystems) and forward and reverse primers separately 
(Table 1). The precipitated sequencing reaction products were analysed in an automated 
sequencer (ABI PRISM 3100 Genet ic Analyser: Applera) . 

Results 

We analysed 47 cases of me lanoma for germline mutat ions in the CDKN2A/pl6 gene. 
The characteristics of the patients studied and the results of the CDKN2A,'pl6 germline 
mutation analyses are shown in Tables 2 and 3. 

No C.DKN2A/pl6 germline mutat ions were detected in patients with melanoma and 
additional cancer (Table 2) , nor in patients with melanoma and additional non-melanoma 
cancer in their family history (Table 3). 

We detected a nucleotide 500 polymorphism C/G (500 C/G) in the 3 ' untranslated 
region of exon 3 in eight patients of the 44 examined, three of w h o m had additional non-
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Table 2. Patients with melanoma and additional cancers screened for CDKN2Alpl6 germline 
mutations. 500 C/G, CDKN2Alplt> 3 ' untranslated region nucletide C at position 500 substituted 
with G . a . benign form neoplasm 

Case Gender Additional cancer CDKN2Alpl6 Cancer in family history 
no. variants (affected relative, cancer) 
1 Female Papilloma 3 

i Female Meningioma 
3 Male Basal iomaL1 

4 Female Pancreas 
5 Female Basalioma" 
6 Female Breast 
7 Female Uterine 
8 Female Uterine Aunt, pancreas 

Uncle, pancreas 
9 Female Colorectal 500 C/G Daughter, ovarian 
10 Female Breast, uterine 
11 Male Lipoma, melanoma satellites 500 C/G Father, lung 
12 Female Non-Hodgkin's lymphoma Daughter, breast 

13 Female Ovarian Father, lung 
14 Female Adenoma, mioangioadenoma 
15 Male Submandibularis 

16 Female Breast 

17 Female Ovarian 

18 Female Breast 
19 Female Mioma' 500 C/G 

Ala 1483 hr 
Cousin, breast 

20 Female Papilloma" Father, prostate 
21 Female Dermatolibrioma 
22 Female Angiolipoma 
23 Female Melanoma satellites Aunt, breast 
24 Female Melanoma satellites Mother, breast 

Sister, renal 
25 Male Melanoma dissemination 

melanoma cancer and seven addit ional n o n - m e l a n o m a cancer in their family history. All 
three patients with a 500 C/G po lymorph i sm deve loped additional cancer had a relative 
with non-melanoma cancer as well (Table 2) . One patient with additional non-melanoma 
primary cancer (case 19: 'fable 2) and t w o pat ients with a non-melanoma cancer in their 
family history (cases 2 , 3 ; Table 3) were found to have the A l a l 4 8 T h r po lymorphism in 
addition to 500 C/G. One patient with a cancer in their family history had also a rare G/C 
polymorphism at position - 3 3 in the 5 ' unt rans la ted portion of the gene ('Fable 3). 
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Table 3. Patients with melanoma and a first-degree relative with non-melanoma cancer screened 
for CDKN2A/pl6 germline mutations. 500 C7G. CDKN2A/pl6 3* untranslated region nucletide C 
at position 500 substituted with 0 . -33 G/C, CDKN2Alpl6 5 ' untranslated region nucleotide G a! 
position -33 substituted with C . p a t i e n t s also have an additional non-melanoma cancer 

Case 

no. 

Gender Affected realtivcs Relatives 
cancer 

CDKN2A/pl6 variants 

1 Female Father Nase 
2 Male Brother Hepatis 500 C/G: Alal48Thr 
3 Female Sister Micloleukemia 500 C/G; Alal48 l'hr 
4 Male Father Cancer (where?) -33 G/C 
5 Male Mother Gastric 
6 Female Mother Lymplioleicosis 500 C/G 
7 Female Mother Breast 
S Female Mother Skin 
9 Female Mother Gastric 
10 Female Mother Skin 500 C/G 
1 1 Female Sister Skin 

Father Bladder 
12 Male Father Gastric 

13J Female Daughter Ovarian 500 C/G 
14 Female Mother Breast 

15 Female Father Gastric 
16 Female Mother Breast 500 C/G 
I7'! Male Father Lung 500 C/G 
I8 J Female Daughter Breas! 
19' Female Father Lung 
20 Female Brother Gastric 
21 Male Father Lung 
22 Female Father Larynx 
23 Female Father Bladder 

Brother Colorectal 

24 Female Sister Leucosis 
25 Female Father Prostate 
26 Male Father Gastric 

Discussion 

In our study 25 me lanoma patients with additional non-melanoma cancer and 26 patients 
with cancer in their family history were examined for mutations in the CDKN2A.'pl6 
gene. The CDKN2A/pI6 is emerging as an important determinant of susceptibility to the 
deve lopment of a malignant melanoma. Genetic alteration of the CDKN2A/p 16 gene has 
been identified in several different t umour types (Poulkes et a!. 1997). Germl ine mutation 
of this gene may predispose some family members to an excess risk of me lanoma and other 
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cancers (Borg et al. 2000) . It is hypothes ised that pat ients with m e l a n o m a and additional 
cancer may also harbour germline muta t ions in the CDKN2Alpl6 gene (Alao et al. 2002) . 
However, no such mutat ions were detected a m o n g patients with me lanoma and additional 
non-melanoma cancer in our study. Observa t ion that the presence of CDKN2A/pJ6 
germline mutat ions in melanoma kindred with coexis t ing additional cancers is associated 
with increased risk for various mal ignanc ies (Platz 2000) would indicate that patients 
with melanoma and unrelated addi t ional cancer in their family history may also have 
germline mutat ions in the CDKN'2A/pJ6 gene. N o such muta t ions were detected a m o n g 
patients with me lanoma and an addi t ional n o n - m e l a n o m a cancer in family history in the 
present study. The determined 500 C/G and A l a l 4 8 T h r po lymorph i sms could not be 
fully evaluated in this study as we have not studied these frequencies in healthy persons. 
The investigation of the role of A l a l 4 8 T h r as a low penetrance m e l a n o m a susceptibili ty 
allele did not support this hypothesis (Ber t ram et al. 2002) . The incidence of 500 C/G 
polymorphism was associated with increas ing familial risk of me lanoma (Hayward 2000) 
and a shorter disease-free survival in m e l a n o m a ( K u m a r et al. 2001) . This association was 
not studied in our cases. In bladder cancers the po lymorphism in the 3 ' untranslated region 
of the CDKN2A gene was related to the mechan i sm of tumour invasiveness (Sakano et al. 
2003). The 500 C/G po lymorphism in m e l a n o m a patients may be associated with tumour 
invasiveness as well , through an unknown mechan i sm (Pjanova, unpubl ished data). The 
concurrence of both 500 C/G and A l a l 4 8 T h r po lymorphisms detected in three patients is 
of uncertain significance. In our s tudy the combina t ion of both po lymorph i sms in all three 
cases was obtained in patients with m e l a n o m a and an additional cancer in their family 
history. 

There is evidence that patients with two or more pr imary melanomas appear to have a 
better prognosis than patients with a s ingle pr imary lesion (Burden et al. 1994). The same 
would be true in the case with pat ients with me lanoma and unrelated additional pr imary 
cancers (Retsas et al. 2000) . The impact of muta ted genes and po lymorphisms on the 
evolution of the disease is an area of future investigation. 

The studied cohort is too small for definite conclus ions . However , it would appear 
that melanoma and addit ional , apparent ly unrelated, cancers developing in the same 
individual and melanoma in context with addit ional cancer in the family history are 
related to a combinat ion of low-risk susceptibi l i ty genes and environmental factors. 
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Audzeju supresorgena COACM24/p76iedzimtas mutacijas melanomas 
pacientiem ar citu audzeju un pacientiem ar audzeju gimenes anamneze 
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K o p s a v i l k u m s 

Audzeju supresorgena CDKN2Alp16mutacijas novero gimenes locekliem ar parmantotu melanomu 
un aizkunga dziedzera audzeju. ka arl iegutas melanomas pacientiem. Dotaja darba mekleja 
iespejamas CDKN2AJpl6 gena mutacijas asins p a r a u g o s divas melanomas pacientu grupas: 1) 25 
melanomas pacientiem. kuriem diagnosticets cits audz.ejs. 2) 26 melanomas pacientiem, kuricm 
gimenes anamneze vienam vai vairakiem pirmas pakapes radiniekiem ir kads audzejs. AnalTzes 
veica, izmantojot polimerazes kedes reakcijas. vienpavediena konformacijas polimortisma analTzi 
un gC'na sekvenesanu. Neviena gadTJuma melanomas pacientu asinTs mutacijas CDKN2A/pl6 gena 
nenoveroja. Atrada gena poliniorlismu - 500. nukleotTda C nomainu ar nukluotTdu G (500 C/G) un 
148. kodona aminoskabes alanTna nomainu ar aminoskabi treomnu (Alal48Thr). Rezultati liecina, 
ka petTjuma ieklautajiem pacientiem audze ju attTstTba nav saistTta ar mutacijam CDKN2,Mpl6 
sieua. 
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Abstract 

The fish biodiversity in the Baltic Sea coastal area was analysed in 1998 - 2002. Different ecological 
groups - marine, diadromous and freshwater - were captured in survey gillnets and beach seine 
catches. The coastal fish communities revealed a strong seasonal variation. The water temperature 
increase early in the spring caused migration of juveniles and adult marine fishes from depths to the 
nursery, spawning and feeding grounds located in the coastal waters. In summer mostly diadromous 
and freshwater fish species migrated from the adjacent freshwater basins to the sea coastal feeding 
grounds. In 1998-2002 fish communities comprised representatives of various ecological types. 
The available information from the monitoring combined with the fisheries data could facilitate an 
ecologically-focused management of the coastal zone ecosystem. 

Key words: Baltic Sea. coastal zone, diversity, fish community, seasonal dynamics. 

Introduction 

The marine coastal zone plays an important role for many fish and bird species. Some 
fish species live permanent ly in the coastal zone and are to varying degrees restricted 
to specific habitats, whereas other species may be present only as juveni les , migrate 
seasonally to the coastal zone or just pass through on their way between marine and fresh 
waters . Environmenta l condit ions in the coastal waters of open sea depend on several 
hydrodynamic factors the most important being wind direction and velocity, wave height, 
light and frequent temperature changes (Beyst et al. 2001) . Wind-influenced circulation 
of water masses occurs in coastal zone, creating changes in water temperature and also 
the structure of coastal fish communi t ies . Wind direction and velocity causes changes 
in the abundance of certain fish species especially in the svarmwater season. Strong 
land-wind causes a drift of warm waters from the coastal area to the open sea. Warm 
water masses are replaced with cold waters from greater depths (upwel l ing effect). The 
influence of water tempera ture on coastal fish communi ty structure in brackish waters has 
been described previously in Scandinavia (Pihl, Rosenberg 1982; Tho rman . Wiederholm 
1986; Pihl, Wennhage 2002) . 

T h e coastal area of Pape - Perkone is one of four HHLCOM Baltic Sea Protected 
Areas in Latvian territorial waters . Shal low marine waters are generally considered to be 
important nursery areas , environments where juvenile fishes will exper ience enhanced 
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survival and growth (Rozas , Oduni 1998). T h e sea bot tom in the study area is covered by 
Fitrcellaria luinhricalis (Korolev, Fetter 2000) and plays an important role in spawning 
and fry survival of Baltic herring. Rocky and soft bo t toms in near shore shal low waters 
arc the main spawning habitat for turbot and several non-commercia l fish species. 

Representat ives of different eco logica l guilds (mar ine , freshwater and d iadromous 
species) are present in the coastal brackish wate r zone. T h e coastal areas and fish 
communi t ies inhabit ing them are exposed to an thropogenic pollution risks that can 
directly affect the food resources, dis tr ibut ion, g rowth and survival of fish populat ions. 
Commercial fishery in coastal as well as open sea areas can also alter the population 
structure of target species - herr ing, cod, turbot and flounder. 

The health and integrity of different wate r ecosys tems based on fish communi t ies are 
monitored in different countr ies . Studies in the r iver basins of Illinois (Karr 1981: K a n 
1986) and lagoons in the Atlantic Ocean in Portugal ( P o m b o et al. 2002) show that fish are 
suitable indicators of the ecological state. Moni to r ing of shal low water fish communi t ies 
are being carried out in Sweden , eastern and western coast of Balt ic Sea (Hansson 1984; 
Pihl, Wennhage 2002) as well as in the North Sea (Beys t et al. 2001) and various estuaries 
of Europe (Whitfield, Elliot 2002) . 

The aim of this study was to invest igate the seasonal dynamics and structure of the 
coastal fish communi ty of the Pape - Perkone area for the time period from 1998 to 
2002. The abundance and distr ibution of different fish species in different life stages were 
studied in two depth zones (0 to 2 m and 3 to 5 m). 

Materials and methods 

Scientific surveys were carried out at two coastal si tes in the Liepaja district - Pape (56° 
0 9 ' N. 2 1° 02 ' E) and J i innalc iems (56° 18 ' N. 20° 5 9 ' E: Fig. 1). These study sites were 
chosen because the study area is a relatively prist ine envi ronment with little influence 
from anthropogenic disturbances but never theless in potential threat of oil pollution from 
the Butinge oil terminal in Li thuanian waters . 

Samples were taken twice a yea r - in spring ( M a y ) and s u m m e r (July). Two fishing 
methods were applied to capture a m a x i m u m n u m b e r of species, at different life stages. 
In shal low depths (0 to 2 m), fishes were sampled using beach seine with a mesh-s ize 5 
to 10 m m (5 m m in cod-end and 10 mm in wings) ; the total catch area was approximately 
4000 n r . Details of the sampling me thodo logy are given in Vitinsh (1989) . Samples were 
taken at 5 stations at each site dur ing daylight . T h e caught fish were preserved in 80 % 
ethanol and analysed later in laboratory. T h e number of individuals in each species were 
determined and fish length and weight were measured . In total. 97 samples were collected 
from 1998 to 2002 . In fish communi ty surveys at med ium depth (3 to 5 m) . fish were 
caught using gillnet sets. Two monof i lament survey nets (150 m long, 3 m high) with 
5 different mesh-sizes (25. 30, 3 8 . 50, 60 mm) and one poiyfilament survey net (210 m 
long. 1.8 m high) with 7 different mesh-s izes (17, 2 2 . 25 . 30, 33 . 38 . 50 mm) were used. 
Poiyfilament survey nets were chosen according to guidel ines for coastal fish monitoring 
(Neuman et al. 1997). nets with mesh size 3S and 50 mm were added to catch adult large-
size fishes. We used monofi lament gil lnets to catch fishes more effectively in the 4 to 5 
m depth. Fishing was performed between 18:00 - 06 :00 in three stations at each site. All 
(ishe were identified to species, weighed (g) and measured for total length after capture. 
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Fig. 1. Location of the survey area. Sampling site in open part of Baltic Sea. Sampling was 
conducted in two sampling sires in the 0 - 2 m and 3 - 5 m depth. 

In total , 57 samples were collected from 1998 to 2002. 
Water temperature at the bot tom and surface were recorded during each sampling. 
Further, all fish species were denoted to one of four ecological guilds (benthic mar ine; 

pelagic marine; freshwater and d iadromous species) to analyze the functional ecology 
of the fish assemblages in different seasons. Certain fish species were considered as 
' r e s iden t s ' ( they were present in more than 50 % of the total number of sampl ing stations) 
or 'm ig ran t s ' (most abundant during a certain period). All other species were recorded 
' sporad ica l ly ' (Clark et al. 1996). Temporal variation in the number of dominant fish 
species was investigated with a one-way ANOVA using Statgraphics Plus software. 
The Shannon-Wiener biodiversity index was calculated to analyse temporal and spatial 
variabili ty of species diversity (Odum 1986). 

Results 

Fish community structure 
In t ime period from 1998 to 2002 a total of 31 fish species belonging to 19 families 
were recorded (Table 1). Twenty eight of them are c o m m o n in the Latvian coastal waters 
(Winkler 2000) . two fish species [black goby {Gobius niger) and sabrefish (Pelecus 
citltratus)] can be considered as rare, and one species - tvvaite shad {Alosa fallax) - as 
very rare. Fur thermore, the latter two species are included in the Red Data Book of 
Latvia, 3 l d category. 



36 D. Uships, E. Urtans. A. Mindc, D. Uzars 

Table 1. List of fish species caught in the Pape-Jurmalciems area in 1998 - 2002 with beach 
seine and gillnets. The table represents the occurrence of different life stages of caught fishes 
and the assignment of fish species to different occurrence groups and ecological guilds according 
to Winkler et. al. 2000. A. adult fish; J, juvenile fish; L. fish larvae: B. common species; R. rare 
species; V. very rare species; M, marine fish; D. diadromous fish: F, freshwater fish 

Ta.xon/Family Scientific name Common name Life 
stage 

Occur­
rence 

Eco­
logical 
euild 

Ammodytidae Airunodytes tobianus Sandeel A, J. L C M 
Ammodytidae Hyperopias laneeolatits Greater sandeel A.J c M 
Anguillidae Anguilla anguilla Eel A c D 
Belonidae Belone belone Garfish A.J c M 
Clupeidae Alosa fallax Twaite shad A V D 
C'lupeidae Clupea harengus membras Herring A.J, L c M 
Clupeidae Sprut/its sprarrus Spral A.J. L c M 
Coregonidae Coregonus lavaretus Whitelish A, J c D 
Cottidae Myoxoeephulus seorpius Bull rout A c M 
Cyclopteridae Cyelopteras luinpus Lumpsucker A c M 
C'yprinidae Abramis brama Bream A.J c: F 
Cyprinidae Alburnus alburnus Bleak A c F 
C'yprinidae Blieca bjoerkna White bream A.J c F 
Cyprinidae Leueiscus leitciscits Dace J c F 
C'yprinidae Peleeus eultratus Sabrefish A R D 
Cyprinidae Radius nitidis Roach A,J c F 
Cyprinidae Vimba vimba Vimba A.J c D 

Esocidae Esox liieins Pike A c F 
Gadidae Gadiis morhna callarias Cod A c M 
Gas teres teidae Gasterosteus uculatus Three-spined stickleback A c F 
Gasterosteklae Pungitius pungitius Nine-spined stickleback A c F 
Gobiidae Pomatosehistus minutus Sand goby A . J .L t: M 

Gobiidae Cabins niger Black goby A R M 
Osmeridae Osments eperlanns Smelt A . J , L c D 
Percidae Perea Jlitviatilis Perch A, J c F 

Percidac Stiz.ostedion lueioperi ci Pike-perch A.J c D 
I'leu ronectidac Plutichthys Jtesus truchiints Flounder A.J c M 
Salmonidac Salmo trutta Sea trout A.J c D 
Scophthalmidae Pselta maxima Turbot A.J c M 
Syngnathidae Neophis ophidian Straight-nosed pipefish A c M 
Zoarcidae /.octrees viviparus Fx 1 pout A.J c: VI 

Juveniles and small-sized adult fishes domina ted in beach seine catches, whereas 
larger-sized adult fishes dominated in gillnet ca tches . 

Juveniles of marine pelagic and benthic fish domina ted (93 % of total number) in beach 
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seine catches in Pape and JCirmaleiems in the shallow depth (0 to 2 m) in spring (Fig. 2A). 
They were mainly juveni les of clupeids and flatfishes. A small number of d iadromous 
smelt (Osmerus eperlamts) and juveni les of freshwater roach {Rutilus rtitilns) and 
bream (Abramis brama) were also present. Adult marine benthic fishes such as sandeel 
(Ammodytes tobianits), flounder (Platicluhys flesus). and greater sandeel (Hyperopias 
lunceolatits) were more abundant in the coastal zone in Pape whereas smelt were more 
frequent in Ju rmalc iems . Bleak {Albiirnus ulburnns) and three-spined stickleback 
(Gasterosleus aculeutus) were representatives of freshwater species (Fig. 2B) . 

A marine fish commun i ty dominated (94 %) in the medium depth (3 to 5 m) in spring 
at both sites. Flounder, herring {Clupea harengus) and turbot (Psetla maxima) were most 
abundant , and freshwater and d iadromous fishes occurred in small numbers (Fig. 2C). 

Adults - spring, Adults - summer, 

0 Diadromous • Freshwater 
• Marine bethic • Marine pelagic 

Fig. 2. Percentage of juveniles and adult fishes in ecological guilds in beach seine and gillnet 
catches. The figure shows comparison of the number of fishe of different ecological guilds and life 
stages between spring and summer in the survey area. 
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In summer, in the shallow depth , the proport ion of d iadromous fishes, mainly 
juveni les of smelt, increased significantly ( 8 6 % ) , particularly in Jurmalc iems (Fig. 2D) . 
Juveni les of marine benthic species (flounder, turbot and sandeel) were widely distr ibuted 
but were caught in less number than smelt . T h e proport ion of young freshwater fishes was 
slightly higher in Pape. The number of adult fishes was lower in summer than in spring. In 
s u m m e r at both sites samples were domina t ed by mar ine benthic species such as sandeel , 
flounder and sand goby (Poimloschistus minimis Fig. 2E). 

A similar pattern in species compos i t ion was observed in s u m m e r in the med ium 
depth, whe re d iadromous fishes, especial ly v imba (Vimba vitnba) were the most abundant 
ecological guild (55 %) in the fish c o m m u n i t y in Pape. T h e proportion of freshwater 
fishes also increased in July, but d id not exceed 10 % of the total number (Fig. 2F). T h e 
fish communi ty in Jurmalc iems also consis ted mainly of d iadromous and mar ine fish (60 
and 30 % respectively). The proportion of f reshwater fishes there was similar to that in 
Pape. 
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Fig. 3. Fish species occurrence by season. The figure shows the relative occurrence of fish species 
in sampling stations in May and July. A. juvenile fishes in beach seine; B, adult fishes in beach 
seine: C. adult fishes in gillnets. 
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Fig. 4. Density and C'PliE (catch per unit effort) of resident species in sampling suitions by year. 
The figure shows the density of resident fishes in beach seine catches (number of iish per sampling 
station) and CPUE of resident fishes in gillnet catches. BS. beach seine: GNS, gillnets. Values are 
the means +SD. 

Fish species distribution, density and CPUE in the shallow depth zone 
In the shallow depth up to 2 m. six Iish species occurred most frequently and were 
represented by juveni les of flounder, turbot, herring, sandeel and adult flounder, sandeel, 
great sandeel and sand goby (Fig. 3A, B). These benthic and pelagic fishes occurred in 
the surf zone more or less throughout both seasons. They were present in 50 to 95 % 
of all sampling stations depending on time and can be considered as ' res ident ' species 
(according to the terminology of Clark; Beyst et al. 2001) . The mean number of juvenile 
flounder was variable without an obvious trend (Fig. 4A) . The density of adult flounder 
was lower, but they were evenly distributed (Fig. 4B) . Juveni les of turbot were resident 
inhabitants of the surf zone with numbers varying between one to four individuals per 
sampling station. From 2001 on there was slight increase of (urbot juveni le number (Fig. 
4C) . Flerring juveni les numbered 20 to 80 individuals per station, however in several 
stations they were in high numbers . T h e distribution of sandeel and great sandeel also 
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aggregated in patches . They occurred in approx imate ly 40 to 60 % of all sampling 
stations and variation of density was high (Fig. 3; Fig. 4 E ) . The abundance of adult sand 
goby was high in spring, whereas the number of juven i l es increased in summer. 

Epibenthic smelt and bleak were classified as ' m i g r a n t s ' (most abundant during a 
certain period of the year and at several stat ions). T h e greatest concentrat ions of smelt 
juveni les and fry were encountered in s u m m e r (Fig. 4 D ) . but there was sure patchiness 
observed in their distr ibution. Bleak was more c o m m o n in freshwater, but occurred in 
low numbers also in the surf zone in summer . All of the other species were recorded 
sporadically. 

The Shannon-Wiener biodiversity index in 1998 - 2002 varied between 0.99 to 
1.36 and without a tendency. The highest biodiversi ty index was in 2002 (Fig. 5A) , and 
generally the values were higher in spring. 

Fish species distribution, density and CPUE in the medium depth zone 
Four fish species - flounder, turbot, herr ing and smelt - were classified as resident species 
in the depth from 3 to 5 m. There was a c o m m o n pattern observed in flounder and turbot 
C P U E (number of individuals per sampl ing s tat ion) dynamics . They were most abundant 
in 1998 (70 and 4 individuals per s tat ion) , but unevenly distributed between depths (Fig. 
4G, H). In 1999 their numbers significantly decreased (10 and 1 individuals respectively), 
but in subsequent years the abundance of both species increased again reaching 45 and 2 
individuals per sampl ing station. In 2 0 0 2 the dis t r ibut ion between depths was more even. 
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Fig. 5. Shannon-Wiener biological diversity index. Mean annual values by year. A. shallow depth 
(0 - 2 m): B, medium depth (3 - 5 m). 
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Baltic herring was very abundant in 1999 - around 20 individuals per station - with a 
patchy distribution. In later years the C P U E of herring declined (less than 10 individuals 
per station) and the variability was low (Fig. 4J). Al though smelt were resident, their 
C P U E was low (several individuals per station) and they occurred in equal numbers in 
samples (Fig. 41). 

Vimba, pike-perch [Stiz.ostedion lacioperca), perch (Perca fiuviatilis) and roach can 
be considered as migrants and appear in the coastal waters mainly in summer. In Pape-
Jurmalc iems coastal waters vimba occurred in great numbers in summer . The highest 
numbers and variability were recorded in 1998 and 2002 (around 50 individuals per 
sampl ing station; Fig. 4 F ) . In t ime period from 1999 to 2 0 0 1 , vimba was less abundant, 
with numbers varying from 10 to 25 fishes per station. The perch C P U E in Pape 
- Jurmalc iems coastal zone was low through the whole period of investigation. A slight 
increase in perch numbers was observed in summer 2002. 

Shannon-Wiener biodiversi ty varied from 0.66 to 1.24. Generally the values were 
higher in Pape than in Jurmalc iems . T h e r e were also seasonal differences, as biodiversity 
was lower in spring (Fig. 5B). 

Discussion 

The environmental condi t ions in the coastal brackish waters of the study area apparently 
were more suitable for benthic mar ine fishes. These species were recorded more 
consistently and in greater numbers in different seasons through the whole period of 
study. Other ecological guilds may use the surf and medium depth zones as a transient 
area when they migrate from the estuary to the open sea and back. S o m e species may 
infrequently enter the surf zone to feed, since only adult individuals were found. Coastal 
waters provide food resources and diversity for different trophic levels. 
The fish communi ty structure in coastal waters is dynamic and varies according to season 
and temperature changes . The period of favourable condit ions is relatively short from 4 
to 5 months. PihI and Rosenberg (1982) estimated that 90 % of the annual production is 
related to warm spr ing-summer months . 

The size and structure of research catches in the coastal zone up to 5 m proved to be 
dependent on several envi ronmenta l variables as well as catchabili ty of the sampling 
gears used. Although no sampling was performed during extreme weather conditions, 
hydrodynamic variables such as wind speed and direction and wave height are considered 
to influence the communi ty structure. 

A relatively high number of fishes was observed in spring, when water temperature 
reached 7 to 1 1 °C. As the temperature in the 40-60 m water layer in May is usually low. 
about 3-4 °C (E. Jula, unpublished data . 2003). marine pelagic and benthic fish species 
migrate to warm near-shore waters from the open sea. The pelagic species complex was 
represented by adult spr ing-spawning herring and probably by au tumn-spawning herring 
juveniles. The benthic fishes were represented by juveni les of sandeel and flounder that 
migrate to shallow coastal waters after spending winter at greater depths . Adult flounder 
in spring perform a feeding migration from Gotland Deep to Irbe Straight a long the shore 
(Vitinsh 1976). Only three (turbot. flounder and herring) of the observed ten fish species 
were recorded yearly in surveys at a medium depth and they were dominant in numbers. 
The explanat ion cotdd be that herring and turbot migrate in spring to coastal areas to 



42 D. Ustitps, E. Lilians. A. Minde. D. Uztirs 

spawn (Korolov et al. 1993). The deeper waters of Pape- Ju rmalc iems coastal area play 
important role in turbot spawning (Ustups 1997). However , the specific selectivity of 
gillnets used in surveys, do not permit to es t imate the actual density of adult turbot. Other 
fish species were found more inconsistently. 

In summer, when the water tempera ture reached 17 to 21 °C. there were significant 
differences in fish communi ty structure between shal low and medium depth zones, 
juveniles and larvae of smelt domina ted on depths not grea ter than 2 m. Another widely 
encountered ecological group in this area was flatfish juven i les . Shal low waters during 
the whole season are inhabited by one- and two-year-old flatfishes, but in the case of 
early spawning also by ()-group fishes. Al though the density of flounder juveni les was 
not as great as in Irbe Straight (main flounder nursery ground; Vitinsh 1976), individuals 
of different age groups were widely distributed on the sandy bot tom of the Pape-
Jurmalciems coastal zone. The density of turbot juveni les was low, but they were equally 
distributed along the shore in the survey area. Another resident of the shallow surf zone 
is sandeel. which spends most of the daylight t ime buried in sand, and feeds aggregated 
in shoals during night in the water co lumn (Plikss. Alekse jevs 1998). Adult smelt also 
inhabit coastal waters (almost year round) though most of the year, and they migrate to 
the lower reaches of rivers to spawn only in spring ( G a u m i g a 1967). Of the freshwater 
species perch, b ream (Abramis brama). juveni les of whi te bream (Blicca hjoercnu). and 
bleak were present in the coastal zone in summer. D iad romous fishes were represented 
by juveni les of vimba, 

The number of species at a med ium depth was greater in summer than in spring. The 
species turbot. perch, flounder, v imba and pike-perch encountered in every survey were 
twice as much as in spring. Vimba and flounder domina ted the fish communi ty . In 2000, 
twaite shad, a rare species in Latvian waters , occur red in significant numbers in coastal 
waters of Pape and Jurmalc iems . Apparently, this was due to appearance of several strong 
year classes in Curonian Bay, resulting in expansion of its distr ibution area (Kcsminas et 
al. 1998). 

In summer, the Pape-Jurmalc iems coastal area apparent ly is significant feeding ground 
for many fish species. S o m e of them - pike-perch, smel t , twaite shad and vimba - migrate 
from Curonian Lagoon. Other migrants are freshwater species like perch, roach, white 
bream and bream that migrate to coastal waters from the lakes Pape and Liepaja. The 
abundance of freshwater fishes increased in 200 I. like caused by a storm washout of the 
sluice that regulated water level in Lake Pape, wdiich enabled freshwater fish to migrate 
unrestrictedly to the Baltic Sea. 

J here were no significant changes in the number of species and individuals in the 
coastal zone during the survey period. The variabili ty of biological diversity index 
showed a seasonal pattern depending on the feeding migra t ions of juveni les and adult 
fishes. In the shallow zone in summer , the number of species slightly increased, but the 
biological diversity decreased due to the occurrence of juvenile and adult smelt in high 
abundance. The highest variability of biological diversi ty was in 200 I. when in summer 
In Jurmalciems smelt juveniles contr ibuted 97 % of total number of fish, causing the 
lowest biological diversi ty index (0.23) recorded. 

In medium depths , in contrast to the shal low depth zone , biological diversity was 
higher in summer. In spring flounder was dominant species . As its dominance decreased 
in summer and freshwater species appeared in the same t ime, the biological diversity 
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increased. The lowest Shannon-Wiener biological diversity index was observed in 2002 
in Pape , 0.31 in spring, and 0.37 in summer. These low values were caused by a strong 
dominance of specific fish species - flounder in spring (84 % of total numbers ) and vimba 
in s u m m e r (83 %). Generally, Shannon-Wiener biodiversity depended on the biology of 
the species . Flounder occur in high numbers in the coastal zone in spring during feeding 
migrat ions (Vitinsh 1976). Coastal waters are the main feeding grounds of vimba and 
juveni les of smelt in s u m m e r (E. L'rtans, unpublished data). 

The present study shows that the juven i le fish stay in the coastal waters during the 
spring and summer seasons, and that coastal habitats provide feeding condit ions for 
different ecological guilds of fishes. Dur ing in the adult life cycle, mar ine flounder, 
turbot, herring and d iadromous smelt utilize different shal low habitats permanent ly as 
feeding grounds . Turbot and herring also spawn in the coastal areas. Adtdt and juvenile 
d iadromous vimba, pike-perch and smelt (juvenile), as well as freshwater species such 
as perch, roach, and bream were considered as migrants. These fishes migrated from the 
adjacent water basins to the coastal waters mainly in s u m m e r and feeding grounds were 
utilized for a shorter t ime. 

T h e study also showed that coastal fish communi t ies are dynamic with complex 
structure and that fish production of the coastal zone is related to the fluctuating levels 
of recrui tment and stock abundance in the main distribution areas. The monitoring, 
which focuses on the fish communi ty structure, species distribution, habitat borders and 
abundance indices could be used to de te rmine the habitats in need of protection and to 
evaluate the impact of anthropogenic influences (Karr 1981). 
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K o p s a v i l k u m s 

Zivju sabiedribu daudzveidlba Baltijas juras piekraste tika analizeta laika no 1998. lldz 2002. 
gadam. Piekrastes zivju mazulu vadina un tlklu lomos konstateti dazadu (juras, celotajzivju un 
saldudens zivju) ekologisko grupu parstavji. Piekrastes zivju sabiedrlbas ir noverojamas izteiktas 
sezonalas svarstlbas. Agri pavasarl. udens masam uzsilstot. notiek mazulu un pieauguso juras zivju 
migraeijas no atklatas juras dzilakiem rajoniem uz piekrastes seklajiem udeniem. kur notiek zivju 
barosanas. narsts un kas ir mazulu uzturesanas rajoni. Vasaras periods barosanas migraeijas no 
netaliem saldudens baseiniem uz piekrastes udeniem veie galvenokart celotajzivis un saldudens 
zivis. Zivju sabiedrlbas laika posma no 1998. lTdz 2002. gadam noverotas dazadas ekologiskas 
grupas. Pamatojoties uz zivju monitoringa datiem, var noteikt aizsargajamas dzlvotnes. ka an 
aprekinat saimnieciskas darbTbas rezultata ihtiofaunai nodanto zaudejuniu vertlbu. 



Acta Universitatis Latviensis. 2003. Vol. 662. pp. 45-50 
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A b s t r a c t 

The effect of Baltic salmon growth and development treated with B-glucan yeast extracts Aqualase 
Two was studied in the fish hatchery "Tome" and Latvian Fisheries Research Institute. A total of 
30 000 fish from larvae (0+) to smolt stages were used in the experiment. Basic food with and 
without supplements of Aqualase Two (0.5 and 1 g kg"1) was used for feeding. Health ol' fish was 
regularly assessed. The investigations showed that testing the preparation decreased mortality 
during feeding and increased the rate of growth in autumn. The best results - lower mortality and 
greater increase in weight of smolts, were obtained in the group of fish fed glucan at dose of 0.5 g 
kg '. The results of the experimental study showed that immunostimulation with a B-glucan yeast 
preparation can be used to improve growth in industrial conditions. 

Key words: Aqualase Two. feeding, salmon. B-glucan. 

Introduction 

Glucan is polysaccharide found in the cell wall of fungi, bacteria and plants. Glucan has 
mult iple effects in animals when adminis tered intramuscular, intravenous, intraabdominal 
and per rectum (Dalmo, Seljelid 1995; Fuente et al. 1998; Krakowski et al. 1999: Waller, 
Coldi tz 1999). 

S o m e studies have shown that intraperitoneal injection of a B-1.3 and IT 1,6 linked 
glucan from cell walls of the yeast Saccharoinyces cerevisiae into Atlantic salmon 
resulted in increased resistance to several bacterial pathogens and decreased fish 
mortal i ty (Dalmo, Seljelid 1995). Intraperitoneal injection of glucan increased the 
resis tance of trout (Jorgensen et al. 1993). Intravenous injection of a yeast glucan into 
mice increased the host antibacterial defense (Kokoshis et al. 1978), but resulted in no 
gain in weight in penaeid shrimps (Penaeus vannamei) on the glucan diet and decreased 
the host antibacterial defense (Scholz et al. 1999). 

Growth efficiency (growth as a percentage of body weight per day) changes with 
temperature and dietary intake. As both temperature and food amount decrease, the 
growth efficiency also decreases (Brett 1970). 

Healthy fish are more resistant to changes in living condit ions and they have better 
gain in weight. With a change in the environment when the smolt are released in the 
estuaries or rivers, they do not feed for about two weeks. During that t ime the fat and 
protein levels in the body decrease. Therefore the survival id' large fish is higher (Stoskopf 
1993). 
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The present work examines the effect of Aqiudase Two (producer Doxal Italia SpA) 
on growth and survival of salmon parr. 

Materials and methods 

The experiment was carried out in the hatchery ' T o m e " . Exper iment started in June. A 
total of 30 000 Baltic salmon {Salmo sulur) males and females weighing 0.70±0.03 g 
were divided randomly into three groups (10 0 0 0 fish in each group). The fish were kept 
in 300 litre tanks, later in 800 litre tanks , and supplied with aerated fresh water. The fish 
were fed daily with commercia l sa lmonid food accord ing to the prescription of the food 
producer (Table I) . One group (El) received Aqnalu.se Two 0.5 g per kg ' 1 supplements to 
food, and a second g roup (Ell) had Aqualase Two 1.0 g per kg ' addit ions; a third group 
served as a control without additions. 

Fish samples were placed on the ice and immedia te ly transported to the laboratory 
for bacteriological analyses . For bacterial analyses smears were made from fish gills and 
the surface of the body and inoculated on the pla tes with specific agar and cytophagous 
medium. All plates w ;ere cultivated at + 1 8 - +25 °C for 24-72 h, and representative 
colonies were reisolated for character izat ion and identification according to standard 
bacterial methods (Bergey's Manual of Sys temat ic Bacter iology, 1980). 

Mortality was estimated daily. Month ly mortal i ty was calculated as a proportion 
between a number of dead fish and a number of al ive fish at the start of a month. Fish 
weight was estimated monthly. 

All the data analyses were performed using the statistical methods . Standard deviation 
(SD) of mean length of fish was de te rmined . The exper imenta l groups were compared 
using the T-test (Arhipova et al. I 997). 

Results 

There were no significant differences (P>0.05) be tween the mean or range of initial body 
masses for the two experimental groups and control g roup in June (Table 2) . The mass 
of parr was similar in the summer months . The differences began in September when the 
water temperature decreased. The highest growth of fish was seen at the end of November 
in the group EI (addit ions 0.5 g kg ' 1 ) with a mean mass of 20.4+8.6 g. The mass of the 
fish from groups EII and K. in that t ime were 16.8±8.0 and 15.0±8.3 g. respectively (Table 
2). There was no gain in mass of parr in the winter months . The rate of growth increased 
at the end of February in all groups , but the differences in mass were maintained. There 

Tabic 1. Diet offish depending on lengths and mass 

Food type Fish length (cm) Fish mass (g) Size of pellets (mm) 
Aller-Aqua SGP-493 2.0-3.0 0.1-0.3 0 

Aller-Aqua SGP-493 3.0-4.3 0.3-0.5 1 
Aller-Aqua SGP-493 4.3-7.0 0.5-3.0 2 
Aller-Aqua SGP-493 7.0-9.0 3.0-8.0 3 
Aller-Aqua SGP-493 9.0-11.0 8.0-15.0 4 

Salir > 10 > 13 5 

http://Aqnalu.se
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Table 2. Mass of salmon parr in the experimental groups (mean ± SD) 

Date Experimental groups 

EI E l l K 

June I 0.7±0.0 0.7±0.0 0.7+0.0 

July 1 1.6+0.5 1,3±0.5 1.2+0.5 

August 1 2.9±1.8 2.4±1.7 2.0+1.7 

September 1 6.9±3.9 5.6+4.0 5.9±3.0 

October 1 11.4+5.3 10.0+5.0 8.5+5.0 
November 1 20.3±8.0 16.7+7.5 14.8+7.7 

December 1 20.4±8.6 16.8+8.0 15.0+8.3 

January 1 20.4±I0.0 16.2+8.9 I5.l±9.1 

February 1 21.2±12.0 17.0+10.6 15.1 + 9.8 

March 1 22.9±12.0 18.5+11.9 15.9+11.0 

April 1 26.3±L3.3 • 21.6+13.2 19.3+13.1 
May J 29.5±13.7 26.9+13.0 24.6+13.2 

were significant differences (P=0.000) between body mass for the two experimental 
groups and the control g roup in spring. 

Fish from each experimental group were divided in to three groups by mass . There 
were 45 % of fish with a mean mass of 20.0±2.0 g in group EI (Fig. 1), compared with 
39 % and 34 % in group EII and K, respectively. The proport ion of the g roup of fish with 
a med ium mass (14.0±4.0 g) in the group ET was 39 %, in group Ell - 25 %, in control 
(K) group - 30 %. The proport ion of small fish with a mean mass at 10.0±3.0 g in EI was 
16 %. and in groups EII and K - 36 %. 

At the smoltification t ime in group EI there were 97 % smolt , compared to 90 % and 
87 % in groups EII and K, respectively (Fig. 2). 

There were significant differences in mortality be tween the EI and K group (P=fJ.035), 
but no significant differences between the Ell and K group (P=0.796) (Fig. 3). Mortality 
increased in s u m m e r and decreased in autumn. Sa lmon mortality slightly increased in 
June, sharply increased in July and achieved in groups EI , El l , and K 16 %, 21 % and 
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El Ell K 
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Fig. 1. Vlass distribution offish. Large, fish average mass 20.0±2.0 g; medium, fish with average 
mass I4.0±4.0 g; small, fish with mass less than 10.0 g. 

• large 
• medium 
• small 
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Fig. 2. Relative numbers (%) of smolt and parr in experimental groups in May. 

20 %, respectively. Mortali ty decreased from the beginning of August . In June there was 
a lower mortality in the group EII -2%, in July in the group El - 17 %. The highest 
mortality in the summer was in the g roup K (9 % in June , 19 % in July, 6 % in Augus t ; Fig. 
3). The highest overall survival of sa lmon smol t was in g roup EI. The winter mortality in 
other groups was similar, due to the beneficial effect of cold water. T h e highest survival 
of fish was in the group where 0.5 g yeast glucan per kg of food was added. 

Clinical examinat ion showed signs of myxobacter ios i s in some fish in every pond. 
Bacteriological examinat ion confirmed the diagnosis of myxobacter ios is and Flexibacter 
spp. bacteria vvas isolated. 
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Fig. 3. Fish mortality in experimental groups and water temperature. HI. group with Ai/itaUi.se 
Two 0.5 g kg 1 ; HI I, group with Aqiudase Two 1 g kg 1 ; K, control group. There were significant 
differences between the Fl and K groups in July - September (P=0.035j. but no significant 
differences between the HU and K group (P=0.796). 
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Discussion 

Sockeye juveni les in fresh water have nearly the same growth efficiency on 3 % of a body 
mass diet at 5 °C as they have on a 6 % diet at 15 °C (Brett 1970). In our experiment, 
the rate of growth increased in September, decreased from December to February, and 
then increased again. Previous investigations have shown that there was no gain in 
mass in shr imps fed a glucan diet (Scholz et al. 1999). We found significant differences 
between body mass for the two exper imental groups and the control group in spring in 
our experiment . 

In the exper iments with crayfish, glucan did not promote mass gain and immunity 
(Scholz et al. 1999). Aqualase Two t reatment of salmon in summer months resulted in a 
rapid gain of mass in au tumn when the water temperature approached the salmon comfort 
level. T h e obtained difference of gain of mass remained for the whole winter period. 

Trea tment of sa lmon with glucan per os decreased the mortality after infection with 
Aeromonas salmoniekla by 10 % (Dalmo, Seljelid 1995). The mortality decreased by 
about 20 % when glucan was injected compared within the control group. In contrast, 
the resistance of shr imps fed with glucan diet decreased (Scholz et al. 1999). In our 
investigation when 0.5 g Aqualase Two per kg of food was added to the diet, mortality 
was abotit 19.7 % lower than in the control group. When 1 g Aqualase Two per kg of food 
was added, mortality was about 2.3 % lower than in the control group. 

In conclusion, the results of otir study showed that immunost imulat ion with a 13-
glucan yeast preparation in a form of Aqualase Two can be used to improve growth in 
industrial condit ions 
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Lasa mazulu audzesanas efektivitates paaugstinasana, izmantojot baribas 
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K o p s a v i l k u m s 

Valsts zivjaudzetava "Tome" un Latvijas Zivsaimnieclbas petnieelbas instituta Akvakulturas 
laboralorija tika petlta ar rauga p-glukanu bagatinatas baribas piedevas Aqualase Two ietekme 
uz Baltijas lasa [Saltno solar) mazulu augsanu un attlstlbu. Eksperimenta izmantoti 30 000 lasa 
mazulu no kapura lldz smolta stadijai. LaSa muzuliem trls menesus (no 1. jQnija lTdz 31. augustam) 
tika izedinaui baribas piedeva Aqualase Two. aprekinot divas dazadas devas: 0.5 un 1.0 g uz vienu 
kilogramu baribas. Zivju vesellbas stavoklis tika kontrolets visa to audzesanas perioda. Musu 
pftljumi parada, ka izmeginatais preparats mazina zivju mirstlbu ta izbarosanas laika. bet augsanas 
tempu paatrina rudeni. Kopuma, salldzinot eksperimenta un kontroles grupas lasus. vislabakie 
rezultati ieguti zivju grupa, kurai barlba ir pievienota piedeva Aqualase Two 0,5 g uz kg baribas. Sis 
grupas zivim ir viszemaka mirstlba, lielakais svara pieaugums un viengadnieku-smoltu iznakums. 
F^ksperimenta rezultati lauj ieleikt baribas piedevas Aqualase Two izmantosanu lasa mazulu 
audzesanai rupnieciskos apstaklos. 

mailto:medne@latfri.lv
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Abstract 
Comparison was made between the effects of ethylene-induced programmed cell death and leaf 
senescence-caused programmed cell death on the Golgi apparatus and secretory pathway in tobacco 
leaves. Transgenic tobacco [Nicotiana tabacuin L.) plants containing jellyfish green fluorescent 
protein (GFP) fused to rat sialyltransferase located in Golgi bodies and endoplasmic reticulum were 
used. Forty-day old plants were sprayed with Ethephon at concentrations of 5x10"' M or 5xlO"2 M. 
We observed cells from intact leaves and leaf sections cultivated in medium. Intact control plants 
and sections from expanding and mature leaves cultivated in Murashige and Skoog basal medium 
showed a high number of vectorially moving and oscillating Golgi bodies. Programmed cell 
death caused by leaf senescence or induced by Ethephon treatment caused a decrease of GFP 
fluorescence. Golgi bodies were located in the basal part of palisade parenchyma cells in senescent 
leaves but Ethephon treatment caused an increase of the number of Golgi bodies in the apical part 
of palisade parenchyma cells. 
Key words: Golgi bodies, Ethephon. ethylene. Green Fluorescent Protein, Nicoiiana tabaciim, 
programmed cell death. 

Introduction 

Ethylene is a plant ho rmone involved in senescence and stress responses of plants. 
Wounding induces e thylene biosynthesis and ethylene is produced rapidly, with levels 
detectable within 30 min. Ethylene is an absolute requirement for the wounding 
response (Kende 1993; O 'Donne l l et al. 1996). The ethylene-releaser Ethephon causes 
an increase in the e thylene level in two ways: due to decomposi t ion of Ethephon 
penetrating into leaf t issues and also by formation of e thylene from the endogenous pool 
of 1 -aminocyclopropane-1 -carboxylic acid by the action of ethylene-forming enzyme 
(Warner, Leopold 1969; Abeles 1973; Liebemtan 1979; Romanovska et al. 1989; Ievinsh 
et al. 1990). We used Ethephon as a useful tool to increase the ethylene level in tissues 
and to s t imulate p rogrammed cell death in plant leaves. 

The plasma m e m b r a n e , vacuoles, Golgi complex and endoplasmic reticulum are 
involved in synthesis and binding of e thylene (Goodwin . Mercer 1983: Mayne , Kende 
1986; T h o m p s o n et al. 1987; Bouzayen et al 1989; Crevecoeur et al., 1990; Hirayama . 
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Alonso 2000). An increased level of e thylene causes changes in the number and activity 
of endoplasmic reticulum (ER) and Golgi apparatus ('Osborne et al. 1985; Selga et al. 
1985; Selga. Selga 2001) . 

Golgi apparatus and the secretory pa thway have been recently visualised in vivo 
with the help of green fluorescent protein (GFP) targeted to different membrane proteins 
(Wee et al. 1998; Boevink et al. 1999: H a w e s et al. 2001) . However , the mechan isms of 
secretory system changes during p r o g r a m m e d cell death are not clear. 

The aim of the present work was compar i son of the effect of e thylene- induced 
programmed cell death and leaf senescence-caused p rogrammed cell death on the Golgi 
apparatus and secretory pathway in tobacco leaves. 

Materials and methods 

Transgenic tobacco (Nicotiana tahacum L.) plants conta ined jellyfish green fluorescent 
protein (GFP) fused to rat sialyl transferase located in Golgi bodies and endoplasmic 
reticulum (Andreeva 2000) . 

Plant seeds were disinfected with 70 % ethanol and plated on Murash ige and Skoog 
(MS) basal salt medium (Sigma) con ta in ing 0.8 % agar Difco (Murashige , Skoog 1962). 
After incubation for 2 weeks at 20-22 °C. the seedl ings were transferred to soil. Plants 
were grown in a greenhouse with a photoper iod of 17/7 h. 60 to 80 % relative humidity 
and 2 I ±5 X\ 

We compared expanding leaves, full grown leaves, yel lowing leaves and leaves 
treated with Ethephon. We considered expand ing leaves to be ones with an area not 
exceeding 1/4 of the area of full-grown leaves. 

Treatment with Ethephon was realised in the fol lowing way: 40 day old plants 
were sprayed with a water solution of Ethephon (Cerone , Rhone-Poulenc Ltd.) at a 
concentration of 5x 10"? M or 5 x 1 0 2 M. Two and fourteen days after the treatment 
segments among veins from full g rown leaves were cut and mounted on glass slides in a 
droplet of MS basal salt medium S igma M 5 5 19 (4.4 g f 1 ) and observed under a confocal 
microscope Zeiss C L S M 410. At the s ame t ime, we compared morphology of expanding 
eaves, full-grown leaves, leaves treated with Ethephon and senescent leaves. 

The effect of wounding stress and cultivation in the M S basal medium was examined 
to evaluate the effect of cutting p rocedure on fluorescence intensity and number of Golgi 
bodies in cells of the upper epidermis and palisade mesophyl l . 

Transverse-sect ions (thickness = 40 to 50 /mi) were cut with razor blade and mounted 
on glass slides in a droplet of MS basal med ium M 5 5 19 (4.4 g 1'). Sections were analysed 
by a confocal microscope at 30 min intervals during 5 h and after 48 h and compared with 
cells from intact leaves. 

Confocal imaging with t ime-lapse scanning was performed on intact plant leaves 
emerged into the water on glass sl ides, leaf sect ions mounted into water or M S medium. 
Images were analysed with LSM D u m m y (Zeiss) or Zeiss Image Browser 5.1 and cell 
size measured with Scion Image. We measured size of 300 epidermal cells from 10 leaf 
samples of control plants and 300 epidermal cells from 10 samples cultivated in MS 
medium for 48 h. 

Location of Golgi bodies was ana lysed in 3 samples from 3 different leaves of each 
variant. Fluorescence intensity of samples was analysed with a Zeiss C L S M 410 using 
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the same objective and laser settings in the area of 5 1 2 x 5 1 2 pixels with software LSM 
D u m m y (Zeiss). 

Results 

Compar ing fluorescence, size and distribution of Golgi bodies in intact full grown leaves 
and leaf sections (d=20 m m ) , differences were not found. Intensity of fluorescence was 
variable a m o n g different leaves and leaf sectors in intact t issues. Cells showed intense 
fluorescence of ER in the cell cortex, and intense fluorescence of Golgi bodies. Some 
cells showed weak fluorescence of ER and Golgi bodies. In epidermal cel ls , most of the 
Golgi bodies were located among chloroplasts in the cortical region of the cell (Fig. 1 A). 
The nuclear envelope also showed fluorescence and it was possible to observe nuclei in 
the lateral part of epidermal cells or at the bot tom of the cell. Golgi bodies appeared to 
move between the nuclear envelope and the periphery of the cell. 

In fully grown mesophyl l cells of the spongy parenchyma, Golgi bodies were observed 
in the part of the cel l c lose to epidermal cells (Fig. 1 A) . T h e view from above allowed 
to observe only 30 ptm from the top of palisade parenchyma cells. This layer contained 
very few chloroplasts . In the deeper layer Golgi bodies were located a m o n g chloroplasts 
and close to the cell wall or tonoplast. Golgi bodies were randomly distributed in the 
mesophyl l cells (Table 1). Golgi bodies were observed that appeared to move closely 
along chloroplasts . M o v e m e n t was both vectorial and oscillatory. 

When leaf segments were cultivated in MS medium, fast growth of leaf segments 
was observed. Area of leaf pieces dur ing 48 h of incubation increased 2.6 times but the 

Fig. 1 (in supplement). Cells of palisade parenchyma and upper epidermis of tobacco leaves 
in different stages of differentiation. Scale bar 20 /im. GFP fluorescence - green, chlorophyll 
fluorescence - red. A, Upper epidermis and palisade parenchyma cells of intact full-grown tobacco 
leaves. Intense green fluorescence of Golgi bodies and nuclear envelope (white arrow). B, Upper 
epidermis of intact mature tobacco leaves cultivated 24 h in Murashige and Skoog basal medium. 
High number of fluorescent Golgi bodies. Small Golgi body and large Golgi body (white arrows). 
C. Upper epidermis expanding tobacco leaves. High number of fluorescent Golgi bodies. D. Upper 
epidermis of leaves 2 days after the treatment of plants with Ethephon in a concentration of 5x 10 • 
M. Cells of upper epidermis with variable fluorescence and decreased number of Golgi bodies. E, 
Upper epidermis of leaves 2 days after the treatment of plants with Ethephon in a concentration of 
5x10 2 M. Cells of upper epidermis with weak GFP fluorescence in the cortical cytoplasm (white 
arrow), no Golgi bodies are present. F. Upper epidermis of yellowing tobacco leaves. Cells of 
upper epidermis with weak GFP and chlorophyl fluorescence in the cortical cytoplasm, no Golgi 
bodies are present. G, Palisade parenchyma cells of expanding tobacco leaves. High number of 
randomly located fluorescent Golgi bodies (white arrow). H, Palisade parenchyma cells of intact 
mature tobacco leaves. Basal location of Golgi bodies increases. I, Palisade parenchyma cells of 
leaves 2 days after the treatment of plants with Ethephon in a concentration of 5x10"' M. Apical 
location of Golgi bodies increases (white arrow). J. Palisade parenchyma cells of leaves 2 da>s after 
the treatment of plants with Ethephon in a concentration of 5x10 2 M. Weak GFP fluorescence in 
[he cytoplasm, small number Golgi bodies are present (white arrow). K, Palisade parenchyma cells 
of yellowing tobacco leaves. Cells with weak GFP and chlorophyl fluorescence in the cytoplasm, 
basal location of Golgi bodies increases. L. Palisade parenchyma cells of leaves 2 days after the 
treatment of plants with Ethephon in a concentration of 5x10*' M containing Golgi body in the 
vacuole (white arrow). 



Table 1. The percentage of the total number of Golgi bodies of a cell in the apical, medial and basal 
part of palisade parenchyma cells of tobacco leaves at different developmental stages. Values are 
the means ±SE of three different plants with three replicates each 

Zone of Expanding Mature Yellowing Mature leaves 
the leaf leaves ('7c) leaves (%) eaves (%) treated with 

Ethephon 
(5x l0" : M) {%) 

Apical 29.3 ±4.3 24.6±5.2 17.3±2.8 46.2±3.7 
Medial 40.1±5.2 42.7±6.3 36.2±4.5 38.1+2.9 
Basal 30.6+3.1 42.7±4.1 46.5±3.9 16.7+3.1 

average area of epidermal cells increased by 65 %. T h e fluorescence of these segments 
gradually increased during the first 3 h of cul t ivat ion. The increase was due to an 
increase of fluorescence of chloroplasts , Golgi bodies and cortical ER. Enhanced G F P 
fluorescence was stable for a week. Af terwards , it decreased till the level of control 
plants. This exper iment showed that we can use t ransverse sections of leaves as models to 
analyse the structure of palisade pa renchyma cells. 

The number and size of Golgi bodies increased both in mesophyl l cells and epidermal 
cells after 24 h of cultivation (Fig. IB) . Act ive fusing and splitting of Golgi bodies were 
typical. Many t ransvacuolar strands were formed in epidermal cells and small and bright 
Golgi bodies moved in different parts of bo th mesophyl l and epidermal cells. Movement 
of Golgi bodies was similar to intact plants. 

Expanding leaves were typical wi th a higher number and fluorescence of Golgi 
bodies in epidermis and palisade pa renchyma than in full-grown leaves (Fig. 1C, G) . 
An active jo ining and separation of Golgi bodies to nuclear envelope typically occurred. 
Golgi bodies were randomly distr ibuted in the mesophyl l cells (Table 1). Transvacuolar 
movement of Golgi bodies in ep idermis w a s observed. 

Fluorescence of yel lowing leaves (Fig. IF, K) varied. Different stages of loss of 
G F P fluorescence in cortical ER and Golgi bodies appeared . Fluorescence was observed 
in guard cells, at the bottom of ep idermal cells and at the top of mesophyll (Fig. IK) . 
Epidermal cells contained a decreased number of Golgi bodies that showed oscillatory 
movement (Fig. 1 F). 

Large and disperse fluorescent bodies appeared in mesophyll cells. Somet imes they 
moved along chloroplasts and through t ransvacuolar s t rands. Transverse sections showed 
that the number of Golgi bodies is h ighe r on the bot tom of palisade mesophyll cells in 
comparison with the top of cells (Table 1). Different cells manifested different levels of 
decrease in secretory activity. 

Treatment of plants with Ethephon in a concentra t ion of 5x10 1 M did not alter the 
morphology and anatomic structure of mature leaves but caused gradual senescence of 
leaves for 3 weeks after treatment. 

The response of epidermal cells was different. T h e first group of epidermal cells 
gradually lost fluorescence of cortical ER and the number of Golgi bodies decreased 
(Fig. I D). In another group the number and size of Golgi bodies increased. Golgi bodies 
were typical in the apical part of mesophyl l cells (Fig. 1 D, 'Fable 1 ). Most of them moved 
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between the vacuole and plasma membrane . Somet imes . Golgi bodies appeared in the 
vacuole (Fig. IL). 

The intensity of f luorescence of t issues gradually decreased during the first week but 
increased during the second week after treatment, due to a change of G F P fluorescence. At 
that t ime the number of mesophyll cells with Golgi bodies decreased. Large and loosely 
structured Golgi bodies moved between the vacuole and cell wall, close to chloroplasts 
and the inside of the vacuole . Co-localisation of Golgi bodies and chloroplasts became 
typical (Fig. II) , appear ing as a changing colour of Golgi bodies from green to yellow. 

After treatment with a solution of Ethephon at a concentrat ion of 5 x 1 0 2 M, death 
of leaf segments appeared but some cells survived. These remaining cells started active 
growth and division three days after the treatment. In this case , two days after treatment 
we observed weak fluorescence in the ER of epidermal cel ls , but fluorescence of tissties 
was weak . The result was loss of G F P in the mesophyl l and weak fluorescence of 
chloroplasts for most of the cells (Fig. 1E, J). Seven days after the t reatment fluorescence 
started to increase and several epidermal and mesophyll cells showed the presence of 
Golgi bodies in the periphery of cells. The leaf blade expanded actively during two 
fol lowing weeks and cells showed an increase of fluorescence that was similar to that 
in the control plants . We observed a large number of Golgi bodies in the cortical part of 
epidermal cells but a small number of Golgi bodies in the mesophyll cells. Golgi bodies 
moved along t ransvacuolar strands and in few cases appeared in the centre of the vacuole 
or moved from the vacuole to the cortical part of the cell. 

At the same t ime, several groups of cells did not lose G F P fluorescence. Few epidermal 
cells showed an act ive transport of Golgi bodies along the cell wall and between the 
nucleus and the cell wall through transvacuolar strands and between the cortical part of 
the cell and vacuole . In mesophyll cells Golgi bodies were located between the tonoplast 
and chloroplasts . Somet imes they appeared near the cell wall . After 24 h and 48 h. cells 
showed the features described above. 

Discussion 

Location and movement of Golgi bodies in epidermis of control plants is similar to that 
previously described (Hawes et al. 2001) . Observat ion of palisade parenchyma cells is 
difficult due to the fact that in thick samples (I >50 /<m) a laser beam loses light intensity. 
Thus , in vivo it is only possible to observe thin leaves or upper and lower epidermis, 
spongy mesophyll and the top of palisade mesophyll cells. 

Mesophyl l cell cultures are widely used to study programmed cell death and terminal 
differentiation (Sheen 1995: Lam el al. 2001). This experimental system permits to 
observe changes in gene expression and proteins during stress-induced programmed cell 
death (Kovtun et al. 2000 : Tena et al. 2001) . The preparat ion of mesophyll cell cultures 
involves damage of the cell wall (Sheen 1995). The study of the secretory system of 
mesophyl l cell culture during stress is restricted because Golgi bodies could be more 
involved in the formation of the cell wall . 

Compar i son of cells from leaf segments and segments cultivated in Vlurashige and 
Skoog basal medium with cells of intact plant leaves shows that wounding stress does 
not d a m a g e Golgi bodies and does not disturb the transport system of these cells. In all 
cases Golgi bodies are visible, and we observed their vectorial movement , indicating an 
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unchanged cytoskeleton. 
In all observed samples we observed bright G F P fluorescence in the nuclear envelope. 

In addit ion, bi-directional moving of Golgi bodies from cort ical cytoplasm to nuclei was 
typical, indicating that the surface of nucleus in tobacco leaves plays an important role 
in the secretory pathway. In Toxoplasma gondii, m ic ro tubu le inhibitors or dithiothreitol 
have been observed to disrupt Golgi . caus ing swel l ing of the nuclear envelope (Hager et 
al. 1999). 

A typical feature of programmed cell death of leaves either caused by terminal 
differentiation p rog ramme or induced by stress is the activation of proteolytic cascade 
(Lam et al. 2 0 0 1 ; Tena et al. 2001) . This can explain the decrease of G F P fluorescence 
intensity in all cases of observed p rog rammed cell death. 

However. 4 to 7 % of epidermal and pal isade parenchyma cells retained G F P 
fluorescence intensity at a level s imilar to that in mature leaves. This shows that these 
cells retained high secretory activity and inhibited p r o g r a m m e d cell death. 

Golgi stacks can actively move along actin filaments and microtubules using motor 
proteins (Nebenfiihr, Staehelin 2001) . In preparat ion for cell division, the Golgi stacks 
redistribute to the perinuclear cytoplasm, but dur ing cytokines is , this distr ibution changes 
and a higher density of Golgi stacks is found near the phragmoplas t , the site of cell plate 
formation (Nebenfiihr et al. 2000). 

Analysis of the distribution of Golgi bodies in cel ls of expanding and full-grown leaves 
as well as undergoing programmed cell dea th showed different locations of Golgi bodies 
(Table 1). Palisade parenchyma cells of expand ing leaves showed random distribution 
of Golgi bodies. In contrast , ye l lowing and mature leaves with secretory activity at the 
basal part of the cell were typical. This suggests secret ion of cell products to the apoplast 
and leaf veins. However , the data from expanding leaves are not precise due to the fast 
vectorial movement of Golgi bodies. 

Ethephon in a concentration of 5 x 1 0 M induced activation in the secretory system 
in the apical part of the palisade pa renchyma cel ls . The number of large Golgi bodies 
increased, suggesting that cells dur ing stress excrete toxic metabol i tes into the apoplast 
and out of leaves. Co-localisat ion of chloroplasts and Golgi bodies became typical. This 
supports previous observat ions that e thy lene induces the appearance of transport vesicles 
in the narrow (20 to 100 nm) space be tween chloroplas ts and both cis and trans faces of 
Golgi bodies (Selga. Selga 2001). 

Ethephon in a concentration of 5x1 (Y : M induced fast disappearance of GFP and 
chloroplast fluorescence. This can be expla ined by a hypersensi t ive response of cells. 

The presented calculations of the n u m b e r of Golg i bodies can show only trends 
of their distribution. Electron microscopic analysis of the location of Golgi bodies in 
mesophyll cells is required to diminish uncer ta in t ies due to vectorial movemen t of Golgi 
bodies and their impact on the number of visible Golg i bodies. 

Programmed cell death induced with E thephon differs from that of yel lowing, in the 
direction of transport of secretory products . Yel lowing causes transport towards leaf veins 
but Ethephon induces secretion towards leaf surface. 

All observed cases of programmed cell death suggest that there exists a population of 
leaf cells that does not enter cell death p rogramme. 
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Lapu epidermas un mezofila sunu sekretoras sistemas izmainas 
p r o g r a m m e r s sunu bojaejas procesa 

Turs Selga* 

Augu sunu biologijas laboratorija, Biologijas fakuhate. Latvijas Universitate. Kronvalda bulv. 4. 
I.V-1848. RTga. Latvija 

"Rorespondcjosais autors. L-pasts: tuisfcidanet.lv 

K o p s a v i l k u m s 

Darba salTdzinaja Goldzi kompleksa un sekretoras sistemas izmainas lapu novecosanas un 
clilena izraisTtas programmers sunu bojaejas procesa. PelTJumos izniantoti transgeni Uibakas 
'•Sicotiaua tabacum L.) augi. kas satur zalo tluorescento proteTnu (GFP). pievienotu pie zurku 
sialiltransferazes. kas lokalizeta Goldzi kermeiusos un endoplazmatiskaja tTkla. Celrdesmit di-
enas vecus augus apsmidzinaja ar etefonu 4x10 * M vai 4 \ I 0 • M koncentracija. PetTja sunas. kas 
atradas intaktu augu lapas vai lapu griezumos. kuri bija ievietoti Murisiges un Skuga saju barotne. 
\Ts\airak vektoriali un oscilejosi kustTgu Goldzi kermenlsu bija intaktu augu. barotne ievietotu 
augosu un izaugusu lapu griezumu sunas. Programmela sunu bojaeja visos gadyumos izraisTja GFP 
fluorescences samazinasanos. Goldzi kermenlsi visbiez.ak bija novecojosu lapu zedenu parenhTmas 
sCinu hazalaja dala, bet etefona apstrade izraisTja Gohlzi kernieuTsu skaita palielinasanos zedenu 
paienhTma^ sunn apikalaja dala. 
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strawberry cultivars against spider mite 
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Abstract 
The trichome types on leaves of garden strawberry (Fragaria x ananas.sa) were analyzed. Two 
types of trichomes was described. The first were unicellular long and thin simple trichomes, located 
mainly on leaf veins and leaf margins, mostly on the underside of the leaf. The second were smaller 
multicellular uniseriate glandular trichomes. These trichomes consisted of one basal epidermis cell, 
several stalk cells, and a single rounded head cell. Strawberry cultivars with different resistance 
against two-spotted spider mite (Teiranychus urticae Koch) were used to test a hypothesis that 
higher pubescence in strawberry cultivars is correlated with a higher degree of resistance against 
the herbivore. Nonglandular trichomes were not the resistance factor for strawberry cultivars 
against spider mite because trichome density was affected by growth conditions and developmental 
state. It was concluded that gladular trichome-localized inducible responses are among the potential 
resistance mechanisms against spider mite in garden strawberry. 
Key words: Glandular hairs, polyphenol oxidase, garden strawberry, spider mite, trichomes. 

Introduction 

Morphologica l features of plant leaves are known to affect herbivores (Peters, Berry 
1980). A m o n g them, foliar t r ichomes are unicellular or multicellular structures arising 
from the epidermal t issues (Larkin et al. .1996). From a point of view of const i tut ive plant 
defences against herbivores , t r ichomes can be treated as a structural defence deteritig 
herbivores. Due to the large diversity of t r ichome types on different plant species, it is 
difficult to generalize any specific role of these structures in herbivore defence. However, 
it is generally believed that pubescent leaves will be more resistant against herbivores 
than less pubescent ones of the same species due to mechanical restrictions to herbivore 
activit ies caused by a high density of t r ichomes (Levin 1973). Thus , nonglandular 
t r ichomes are expected to act as a physical barrier to herbivores. However , experimental 
data does not always support this relat ionship. 

Spider mite, Tctranychus urticae, is one of the most widespread pests on strawberry 
foliage. The data on the correlation between pubescence (the number of nonglandular 
t r ichomes) and resistance against spider mites are mostly contradictory. Resistance to T. 
urticite is positively correlated with increased pubescence in Ruddteia L. taxa (Gillman 
et al. 1999). In addit ion, removal of t r ichomes increased ovipositton of mites . It has been 
shown also that an increase in density of nonglandular t r ichomes for Fragaria chiloi'iisis 
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Duch. decreased tlie number of eggs laid by T. urticac (Luczynski et al. 1990). Further, 
for cotton plants, cult ivars with a higher number of highly branched t r ichomes had higher 
resistance against T. urticac (Kamal , E lkassaby 1965). However , exper iments with other 
cultivated plants revealed a negative correlat ion be tween the density of nonglandular 
t r ichomes and the resistance against T. urticac (Kishaba et al. 1972; Yiem et al. 1993). 

Chemical defence against herbivores may be associated with a different type of 
tr ichome e.a., g landular t r ichomes. usually conta in ing putative defense metaboli tes 
(Levin 1973). However , the information in the l i terature on particular roles of glandular 
t r ichomes in plant resistance against herbivores is ex t remely limited. 

Several studies have indicated significant differences in the tolerance levels of garden 
strawberry cultivars to 73. urticac (Ferrer et al. 1993: Shanks et al. 1995; Shanks . Moore 
1995; Petrova et al. 2000) . Recently we have shown that cv. ' Z e p h y r ' , partially resistant 
to T. urticac, is character ized by a higher activity of wound- induced polyphenol oxidase 
and peroxidase in compar ison to the more suscept ib le cv. ' K o r o n a ' (Steinite, Ievinsh 
2002) . Since the main proteinaceous componen t of g landular t r ichomes is polyphenol 
oxidase (Kowalski et al. 1992). it can be to sugges ted that the higher resistance of certain 
strawberry cultivars against 73. urticac is associated with a t r ichome-local ized inducible 
increase of polyphenol oxidase and peroxidase activit ies. 

In spite of the idea that foliar pubescence might be related to spider mite resistance in 
strawberry (Kishaba et al.. 1972). there is no detai led data available in the literature on 
tr ichome morphology in garden strawberry. Therefore , the aim of the present investigation 
was to analyse t r ichome types on leaves of s t rawberry and to test the hypothesis that 
higher pubescence in strawberry cult ivars is correlated with a higher degree of resistance 
against the spider mite . 7'. urticac. 

Materials and methods 

Light commercia l ly grown garden s t rawberry {Fragaria x unanassa) with different 
resistance against two-spotted spider mite (Tetranycliu.s urticac Koch) were used for 
the experiments : ' Z e p h y r ' , A'enta", 'Ten i ra ' , T n d u k a ' , 'Bogota", "Senga Sengana ' , 
'Kokinskaja Pozdnaja ' , and ' K o r o n a ' (Petrova et al. 2000) . Plants were propagated 
in plant tissue culture on Murash ige-Skoog micro- and macro-salt medium without 
hormones supplemented with glycine and vi tamins (Steini te , Ievinsh 2002) . Plants were 
grown in a greenhouse under natural light and tempera ture condit ions for 3 months in 
plastic boxes containing commercia l peat mix tu re with mineral nutrients. The exper iment 
was conducted in June and randomly selected leaves were collected from plants to 
use in a disk bioassay. A sample for bioassay consis ted of three leaf disks (14 mm in 
diameter) cut from adult leaves at the base of each leaf using a cork borer. All leaf disks 
were examined under a binocular mic roscope M B C - 1 0 (magnification 14 x) from both 
surfaces. An additional leaf disk bioassay was performed with ' Z e p h y r ' and ' K o r o n a ' 
plants in October. 

To investigate the morphology of t r i chomes . fresh plant material from tissue culture 
as well as from greenhouse-grown s t rawberry plants was subjected to light microscopy. 
Epidermal peels from the underside of leaves were examined (magnification 250 x for 
f ig . 1 and 1000 x for Fig. 2). 
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Fig. 1. Unicellular Irichomes on leaves of strawberry eiihivars 'Korona' (A) and 'Zephyr' (B). 

Results 

Straw berry leaves had t w o typos of t r ichomes. The first were unicellular s imple tr ichomes, 
long and thin. 0 . 8 - 1 . 0 m m in length (Fig. 1). These t r ichomes were located mainly on 
leaf veins and leaf marg ins , mostly on the underside of the leaf. The second were smaller 
multicellular uniscriate glandular t r ichomes, 0 .04 -0 .05 mm in length, belonging to a 
type of a capitate g landular t r ichome (Fig. 2). These t r ichomes consisted of one basal 
epidermis cell, several stalk cells (3+4), and a single rounded head cell. 

Glandular t r ichomes differed in number and colour. Strawberry plants grown in vitro 
had a low number of g landular i r ichomes with colourless head cells on their leaves (Fig 
2A and B). Fur greenhouse-grown plants of the suscept ible cv. 'Korona". the glandular 
i r ichomes were most ly colourless (Fig. 2C). In contrast , plants of the resistant cv. 
' Z e p h y r ' had a high number of g landular t r ichomes with dense red-brown colouring in 
[heir head cells (Fig. 2D) . 

To test foi" a relat ionship between the number of unicellular t r ichomes and resistance 
against spider mite, t r ichome densitv was measured for different s trawberrv cultivars 
grown in the greenhouse . For greenhouse grown plants in June, more susceptible cultivars 
in general had a higher number of t r ichomes on the underside of leaves than resistant 
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Fig. 2. Glandular trichomes on leaves of strawberry cultivars 'Korona' (A) and 'Zephyr' (B) grown 
in tissue culture and cultivars 'Korona' (C) and 'Zephyr' (D) grown in the greenhouse. 

cultivars (Table 1). However , the relat ionship was not suppor ted for several cultivars with 
partial resistance vs. partial susceptibility. When s t rawberry leaves were collected from 
greenhouse grown plants in October, the resistant cv. ' Z e p h y r ' had a higher number of 
unicellular t r ichomes than the susceptible cv. ' K o r o n a ' on both sides of different types of 
leaves (Table 2). 

Table 1. Number of unicellular trichomes on different sides of leaves of strawberry cultivars with 
different susceptibility \.s. resistance against T. urticuc grown in greenhouse conditions in June. 
Data are the means from 20 samples. 3 measurements each, for every data point ± S.E. 

Cultivar Susceptibility 

vs. resistance 

Number of trichomes cm -

underside overside 

Senga Sengana susceptible 309+38 0 

Kokiuskaja Pozdnaja' susceptible 2S9±21 0 

'Korona' susceptible 217±17 < ] 

Veiua' resistant 200±26 13+4 

Zephyi' resistant 188±21 22±4 

'Tenira' resistant 1 74± 1 8 2+1 

'Induka' partially resistant S5±I3 0 

'Bogota' partially susceptible 71 ±8 2±l 
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Table 2. Number of unicellular trichomes on different sides of leaves of strawberry cultivars grown 
in greenhouse conditions and in October. Data are the means from 20 samples, 3 measurements 
each, for every data point ± S.E. 

'Zephyr' . resistant 'Korona', susceptible 
underside overside underside overside 

On the leaflet of the lower leaf 2385+180 51 ±6 1298+128 9+3 
On 1 disk of die lower leaf 244+20 49±5 62±9 3±2 
On 1 disk of a growing leaf 132±15 37±4 1.32+20 <l 

Discussion 

Spider mites commonly feed in an inverted position on the underside of leaves. Therefore, 
to fulfill the hypothesis that higher pubescence is correlated with a higher degree of 
resistance against the spider mite, only t r ichomes located on the unders ide of the leaves 
should to be taken into the account. For strawberry plants grown in the greenhouse 
and collected in October, the resistant cv. 'Zephyr ' had a higher number of unicellular 
t r ichomes on both sides of leaves than the susceptible cv. ' K o r o n a ' (Table 2) . This 
relat ionship was not found for s t rawberry plants grown in greenhouse condi t ions in June, 
where more susceptible cult ivars in general had a higher number of unicellular tr ichomes 
on the underside of their leaves than the more resistant ones (Table 1). However , for other 
ar thropod herbivores, there is ev idence of a defensive role of nonglandular tr ichomes. 
For example , a study on the role of soybean pod t r ichomes demonst ra ted that densely 
pubescent soybean has the potential to resist bean leaf beetle feeding on pods (Lam. 
Pediogo 2001). 

Based on the present exper iments , it appears that growth conditions and developmental 
state are among the significant factors regulating unicellular t r ichome density in 
s trawberries . In Arabidops is . t r ichome development is under a tight genetical control 
(Larkin et al. 1996). On the other hand, an increase of t r ichome density after herbivore 
attack is one of the induced defence responses (Mauricio et al. 1997; Agrawa l 1998). 

In light of the present exper iments , it appears that nonglandular t r i chomes are not the 
resis tance factor for s t rawberry cul t ivars but rather, the glandular t r i chomes containing 
oxidat ive enzymes . Al though the number of glandular t r ichomes was not measured for 
s trawberry cultivars with different susceptibili ty against T. urticac. plant leaves of the 
resistant cv. ' K o r o n a ' had dense red-brown colouring in head cells of g landular tr ichomes 
in contrast to colorless head cells for t rc ihomes on the susceptible cv. ' Z e p h y r ' (Fig. 2). 
So far. only a few investigations have focused on the relationship be tween glandular 
t r ichomes and mite life histories. It has been shown that glandular hairs are associated 
with resistance in tobacco (Patterson et al. 1974) and tomatoes (Rodr iguez et al. 1972). In 
addit ion, the glandular t r ichomes on alfalfa appeared to provide the major host resistance 
factor, with the resistance to adult leafhoffers being chemical ly based and resistance to 
nymphs being chemical ly and mechanical ly based (Ranger, Hower 2001) . 

It was shown that the main proteinaceous component of g landular t r ichomes of 
cultivated solanaccous plants is polyphenol oxidase, account ing for as much as 50-70 % 
of the total protein (Kowalski et al. 1992, Yu et al. 1992). Glandular t r ichomes contain 
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also peroxidase activity which further contr ibutes to oxidat ive reactions (Levin 1973). 
Most likely, oxidat ive enzymes in t r ichomes are involved in oxidation and polymerizat ion 
of phenol ic const i tuents released from herb ivore-damaged t r ichomes, which in turn act as 
a physical barrier preventing them from feeding. Previous ly it was thought that t r ichomes 
function primarily as a constitutive defense (Levin 1973). However , recently it was 
demonstrated that rapid tr ichome-Iocalized chemical changes are part of induced defense 
against herbivores (Laue et al. 2000 ; Traw, Dawson 2002) . The present data, together with 
previous results that s t rawberry cul t ivars more resistant to T. ur/icae are characterized 
by a higher inducible activity of oxidat ive e n z y m e s (Steini te , levinsh 2002) , indicate 
that gladular t r ichome-Iocal ized inducible responses are among the potential resistance 
mechanisms against spider mite in garden s t rawberry. More exper imental evidence 
is needed to verify the hypothesis that induction of oxidat ive enzymes in glandular 
t r ichomes on s t rawberry leaves by T. urticac feeding is a main resistance factor against 
the herbivore. 
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Lapu matinu iespejama piedaHsanas zemenu skirnu izturfba pret tTklerci 
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K o p s a v i l k u m s 

Analizeja lapu matinu veidus uz darza zemenu (Frugaria x ananassa) lapam. AprakstTti divu veidu 
lapu matini. Pirmkart. gari un slaidi vienjiinas matini, kas izvietoti uz lapu dzTslam un nialam 
pars vara lapu apakspuse. Otrkart, mazaki daudzsunu dziedzemiatini. Sie matini sastaveja no vienas 
epidermalas paiuatsiinas. vainikam kata sunam un vienas apalas galvinas Sunas. Zemenu skinies 
ar dazadu izturibu pret tTklerci (Telrunyc/uts urticae Koch) tika izmantotas. lai parbaudTtu hipotezi 
par to. ka paaugstinats matinu daudzums korcle ar atticcTgas skirnes palielinatu izturibu pret so 
augedaju. Viensunas matini nebija zemenu skirnu iztunbas faktors pret nklerci, jo to biezunis bija 
atkangs no augsanas apstdkliem un attTstrbas stadijas. Seciniija. ka dziedzermatinos lokalizetas 
inducejarnas atbildes reakcijas ir viens no tiem inehanismiem. kas nodrosina darza zemenu izturibu 
pret tTklerci. 
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A b s t r a c t 

Lukariotic genomes have two main structural components - different types of repetitive nucleic 
acids and unique, at first glance nonrepetitive sequences of gene coding parts. A new methodology 
of sequence analysis based on the structure of the second genetic code can be used to reveal 
molecular relics in protein and gene structures of tubulins and small G proteins. These are 
sequences formed of repeat units having identical regularity, as well as ancestral immobile introns 
distributed in the exon row with the same regularity. A new theory is advanced explaining exon and 
intron origin from common precursors - highly repetitive simple structure nucleic acids - during 
the early periods of evolution. 
Key words: Multiplication of nucleotides, old ancestral introns. origin of introns, repeat units of 
genes and proteins, small G proteins, tubulins. 

Introduction 

During the last decades mainly two main concepts - the exon theory of genes (Gilbert 
1987) and the insertional theory of intron origin (Stoltzfus et al. 1994) - have been used to 
find an answer to the quest ion, whether introns were the media of gene formation by exon 
shuffling or wdiether they were inserted later. The problem, however, is not yet solved 
(Logsdon 1998). 

The model of the second genetic amino acid interaction code (or the codon root code: 
Chipens 1991) has given a posibility to elaborate new methodologies for studies of gene 
and intron emergence mechan isms , based on compara t ive amino acid codon root analysis 
( C A A C R A ) . Codon roots - the second codon letters - are much more conservat ive and 
less changed during evolut ion than amino acids. Twenty natural amino acids determined 
by the genetic code can be subdivided into four groups of the so called common-root 
amino acids having identical second codon letters C, G. A and U(T). Natural selection 
accepts amino acid exchanges in proteins (as a result of point mutat ions) mainly 
between the common- roo t amino acids, indicating that such amino acids are potentially 
tantamount (Chipens 1991). During evolut ion, as a result of mutat ions, amino acids in 
protein structures may change time and t ime again, mainta ining in many cases the same 
codon root. 

Translat ing gene exon row nucleotide sequences or protein amino acid sequences 
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to more conservat ive codon root sequences in separate cases makes it possible to 
demonstra te the retained ancestral regulari ty of genes and proteins. For this purpose 
several new methods of analysis are useful, such as . autoscanning of protein amino 
acid and codon root sequences , design of repeat unit piles, calculation and analysis of 
regularity of intron position co-ordinates and others descr ibed below. 

The general principle of the advanced model of gene and consequent ia l protein 
formation is that s imple structure nucleot ides in early period of evolution were 
spontaneously saltatory multiplied laterally to genera te highly regular polynucleotides 
consist ing of a large number of identical copies te rmed repeat units (RU) . Then . RU 
diverged in sequences as mutat ions accumula ted in them. At some subsequent t ime, a 
group of primary RU from the formed polynucleo t ide chain could be taken for another 
(the second step) saltatory mult ipl icat ion, etc . Th i s model is not principially new - it 
has been used to study the origin of satelli te D N A (Southern 1975). We supplemented 
this model with the following new theses: (i) exons and introns arose from the same 
RU-mult imer , (ii) formation of exons and introns was induced mainly by emergence and 
action of the very first splicing machinery, and (iii) spl icing sites of introns have been 
encoded in structures of RU precursors. 

Introns evolved much more rapidly than exons , notwithstanding the same rate of 
mutat ions in both. Mutat ions from exons were removed partially by adverse selection as 
well as by lethal mutat ions, while ni t rons in the absence of the constraints imposed by 
the coding function during billions of years accumula ted different mutat ions without any 
limits. Contrary to these mutat ions exon structures are under strong control of natural 
selection, which in accordance with the codon root code (Chipens 1991 ) accept smaiuly 
'"symmetric" mutations leading to exchanges be tween common- roo t amino acids, which 
have identical codon roots and are located in the 2D-s t ruc ture of the genet ic translational 
code symmetrically (Chipens 1991). 

Considering that periodic nucleic acids are ancestors of m o d e m genes, the 
emergence of exons and introns may be easily imagined making only one essential 
inference. Independently of the b iochemica l mechan i sms of the very first splicing 
machinery, the splicing sites can be de te rmined only by definite nucleotide structures 
in the polynucleotide chain - the RU-mul t imer . Such sites can arise spontaneously by 
mutations, or alternatively they may be already acidental ly encoded in structures of RU 
precursors. It is well known that nucleot ide mult ipl icat ion reactions form high molecular 
mass products, e.g. mouse sattelite D N A conta ins 105 - 108 repeat units (Southern 
1975). which not undergoing the spl icing after translation can form only giant protein 
molecules unfit for protein evolut ion. Evident ly the dr iv ing force for the evolution of the 
splicing mashinery is first of all a necessi ty to diminish the lengh of gene ancestor coding 
parts. Accidental rare mutations forming spl icing site structures, as we suppose , can not 
have effectively diminished the d imens ions of gene ancestors . It more likely seems that 
splicing sites have been encoded in the R U precursor structures. From this key inference 
follows a chain of logical conclus ions , which create the fundamentals of a new nucleotide 
multiplication theory of exon and intron origin. 

If the splicing site structures are encoded in the nucleot ide sequence of a RU precursor 
then: (i) these sites after the first and the following s teps of multiplication reactions are 
distributed along the nucleotide chain regular ly: (ii) intron positions in gene ancestors are 
regular: (iii! this regularity is the same as the regulari ty of identical nucleot ides or identical 
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Fig. 1. Regularity of dimensions of intron and exon maps demonstrate the mechanisms of gene 
emergence by nucleotide multiplication reactions. A and B. intron maps of B-tubulin genes of the 
Aspergillus parasiticus and Aspergillus nidulans. Intron positions are shown as arrows topped with 
intron co-ordinates/phases (only in cases when the phase differs from zero). Exons containing the 
whole number of repeat units (nx!2nt) are shown as black parts of ribbons. The length of genes 
coding parts (exon rows, including a stop codon) is shown beside the maps. C. intron map of the 
green alga Volvox carteri gene yptVl. D and E. intron maps of the Coprinus cinereus ras gene 
before and after restoration of intron phases to phase zero (i.e. by changes of intron co-ordinates 
by ±1 or ±2nf). 

amino acids in gene or protein s tructures; (iv) the birth-posit ions of introns are strongly 
determined by the size of RU - introns can be located only between RU (micro-exons) 
in gene "knot" points . T h e knot points are situated regularly along the nucleotide chain 
and denote borderl ines of RU; (v) the reactions of nucleot ide mult ipl icat ions determine 
the formation of long open reading frames of genes with symmetr ic exons and all introns 
in a phase-0. Thus , the dominance of symmetr ic (0,0) exons in natural gene structures 
(Long et al. 1995) first of all is a s ignature of gene formation by nucleotide multiplication 
react ions. And finally (vi) , coding parts of gene ancestors have been formed of a whole 
number of RU. From the essence of the multiplication model , which as a rule postulates 
formation of only symmet r ic (0,0) exons follows that dur ing evolution introns can slide 
and be gradually e l iminated, as introns of natural genes in many cases are outside of the 
gene knot points and have changed phases (Fig. 1). 

A stable fundament for the new theory of genes is the possibility to calculate 
theoretical sizes of exons and an exon row, as well as the potential intron positions in 
genes , if the size of the repeat unit is known. This al lows to compare the calculated and 
the natural parameters of gene and protein structures and to demonstrate that in many 
cases contemporary genes have retained some or several introns in the birth positions 
(ancestral or old immobi le introns. O i l ) . The regularity of Oil locations is identical 
with the sequence regularity of exons and exon-coded protein fragments, which can be 
demonstrated after translation of gene and protein structures into codon-root (second 
codon letter) symbols and the design of repeat unit piles, or by autoscanning analysis. 

950/2 1 310/1 
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The model and nucleotide mult ipl icat ion theory of exon and intron origin (both 
further referred to shortly as "the Model" ) is illustrated by analysis of the tubulin and the 
small 0 protein gene families. 

Materials and methods 

Design and characterization of repeat unit piles 
To design a repeat unit pile (RUP) , pept ide chains and their translations into codon root 
sequences are cut into fragments cor responding to the repeat unit size. For tabular analysis 
these RU are laid out horizontally in s tacks to form a pile of RU. Immediate ly after 
gene formation by multiplication reaction, all the RU in the R U P structure would have 
identical sequences and the vertical lines (co lumns) of the R U P would be formed from 
identical symbols. During the evolut ion this is disrupted by mutat ions. T h e regularity of 
the repeat unit pile (RUP) structures may be character ized by expressing as a percentage 
ratio (J) of common-root (CR) and identical (I) amino acids , i . e . , /=CR/I . Similarly, the 
R U P of gene codon root sequences may be character ized by the number of the preserved 
nucleotide base structures (also expressed as a percentage) . The codon root symbols of 
gene nucleotide sequences and the cor responding a m i n o acid sequences are identical, 
therefore identical are also t h e i r / v a l u e s , but the a m i n o acid sequence has a n o t h e r / v a l u e 
characterising the preserved identity of a m i n o acid symbols . Thus , the gene RUPs are 
characterized by a s i n g l e / value, but the protein RUPs - by t w o / v a l u e s as a fraction (the 
preserved root ident i ty/amino acid identi ty) . 

Autoscanning analysis 
The protein amino acid and gene exon nucleot ide sequence is translated into a sequence 
of the corresponding codon roots (second codon letters) and moved alongside the 
sequence duplicate s tep-by-step (symbol by symbol ) . T h e over lapping identical symbols 
(amino acids and/or codon roots) are counted and registered graphically at each step (a 
computer-assisted analysis) . 

For analysis of tubulin structures we used data banks (Dibb. N e w m a n 1989; Liaud 
et al. 1992) containing information on 109 intron posi t ions and phases in 38 u- and 
[Ttubulin genes, and for analysis of 50 intron posi t ions of S G P - a s imilar data bank 
of G-proteins (Dietmaier, Fabry 1994) that included representat ives of the following 
subfamilies: Ras, Rho , Rab/Ypt, R a n / T C 4 and Art. T h e main attention in accordance 
with the Model was paid mainly to the regulari ty of intron positions. To analyse intron 
regularity it is necessary first of all to t ransform intron position and phase symbols to 
intron position co-ordinates . By this term we denote the ordinal number of nucleotides of 
the gene exon row just before the introns (Table I). 

Results and discussion 

Regularity of tubulin intron positions 
The family of tubulins is composed of highly conserved proteins, which are the principle 
structural and functional componen t s of eukaryot ic microtubules . Previous studies of 
tubulin family genes have led to different and conflicting conclus ions , e.g.. Dibb and 
Newman (1989) consider that intron distr ibution patterns in tubulin genes could be 
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Table I. Revealed (Liaud et al. 1992) and calculated intron co-ordinates of the a- and (3-tubulin 
families. Numerical values of intron co-ordinates marked by asterisks can be expressed as multiples 
of 12nt 

N Intron, Nearest gene N Intron. Nearest gene 
position/phase knot point position/phase knot point 

and co-ordinate and intron and co-ordinate and intron 
(nt) deviation (nt) (nt) deviation (nt) 

1 2/0,3 0/+3 21 90/1.268 264/+4 
2 4/1, 10 12/-2 22 95/1, 283 28S/-5 
3 5/0. 12* 12/0 23 110/1, 328 324/+4 
4 9/0, 24* 24/0 24 126/0. 375 372/+3 
5 13/0,36* 36/0 25 134/0, 399 396/+3 
6 16/0.45 48/-3 26 134/1.400 396Z-4 
7 17/0,48* 48/0 27 177/0, 528* 528/0 
8 19/1, 55 60/-5 28 208/0, 621 624/-3 

9 20/0. 57 60/-3 29 211/1, 631 636/-5 

10 21/2,62 60/+2 30 224/1,670 6121-1 
11 33/0, 96* 96/0 31 257/0, 768* 768/0 

12 35/2. 104 108/-4 32 319/2,956 960/-4 

13 38/2. 113 108/+5 33 327/0, 978 972/+6 
14 41/0. 120* 120/0 34 346/2. 1040 1044/-4 

15 56/0. 165 168/-3 35 351/1, 1051 1056/-5 

16 58/1, 172 168/+4 36 353/0. 1056* 1056/0 

17 59/1. 175 168/+5 37 407/1. 1219 1224/-5 

18 62/0, 183 180/+3 38 412/1, 1234 1236/-2 
19 76/1.225 22S/-3 39 437/0. 1308* 1308/0 

20 90/0, 267 264/+3 40 448/2, 1343 1.344/-1 

unders tood by intron insertion in proto-spl ice sites after origin, but Liaud and coworkers 
(Liaud et al. 1992) are convinced that already primordial tubulin genes were rich in 
introns in agreement with the exon theory' of genes (Gilbert 1987), but intron origin is 
unknown . 

We discovered that a sensitive indicator of the birth position changes of introns was the 
compos i t ion of the prime multipliers of intron coordinates . Introns are regular only when 
the numerical values of co-ordinates had common prime multipliers, because the prime 
mult ipl iers characterize an internal regulari ty of the numbers themselves . The Model 
postulates that immediately after the gene formation all introns in the exon row were 
situated regularly. Thus , their co-ordinates had to have c o m m o n prime mult ipl iers . From 
this followed also that the co-ordinates of regular introns could be used for prognosis of 
the size of the gene repeat unit. The potential size of the RU could be calculated also from 
c o m m o n prime multipliers of exon length or exon length and intron co-ordinates , because 
in accordance to the Modei , internal regulari t ies of these parameters immediate ly after 
gene origin were identical. 
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Analysis of a - and p'-tubulin intron position co-ordinates revealed a large group of 
introns (10 from 40. 25 %; Table 1) having a c o m m o n set of pr ime mult ipl iers , 2 x 2 x 3 . and 
as a consequence also c o m m o n regularity of disposi t ion. These intron co-ordinates could 
be expressed as multiples of I2nt, e.g. for tubulin intron co-ordinates 12. 48 and I056nt: 

12 |2x2x3I = 1x12; 
2x2x3 = 4x12 ; 
2x2x3 x l l = 88x12. 

48 = 2x2x 
1056 = 2x2.x2x 

The co-ordinates of regular introns in Table 1 are marked with asterisks. 
The small size of the tubulin repeats , and high densi ty of introns in the 5"-terminal 

parts of tubulin genes (Fig. I A, B; Table 1) a l lowed to suppose that the ancestor of 
tubuline gene most likely originated in a one step mult ipl icat ion reaction from a simple 
precursor - a 12-membered nucleotide des ignated as 4 R U or 12nt/4aa (aa, amino acids). 
The revealed regular introns evidently had not changed their posit ions since origin of the 
gene. They crossed the tubulin gene knot points (situated in the exon row after each I2nt) 
and could be classified as Oi l . 

The second large g roup was formed by tubulin introns which had slid off their birth 
positions, but were still in the zone 3nt around the gene knot points (15 introns from 40, 
37.5 % ) . The co-ordinates of these introns were irregular and no c o m m o n multipliers 
could be found. Sliding of an intron from the gene knot point even by one nucleotide 
radically changes the set of pr ime mul t ip l iers , e.g., in the case of a regular tubulin intron 
with the co-ordinate 48nt; 

48 = 2x2x 12x2x3; 
49 = 7 x 7 ; 
50 = 2x5x5 . 

The number of introns crossing the tubulin gene knot points (10 or 25 %) or located 
near the knot points (15 or 37.5 %) together formed a large group from the analysed intron 
positions (25 from 40 ; 62.5 %•), and supported the thesis that in the tubulin gene ancestor 
introns had been situated regularly. 

There presently is no plausible molecu la r mechan ism to account for both frequent 
intron sliding and the actual pat terns of intron distribution in genes . One mechanism 
proposed by Fink (1987) postulates a normal excision of an intron from p re -mRNA, 
reverse transcription of the modified p r e - m R N A . and homologous recombinat ion of 
the resulting cDNA with the original gene. An addit ional event that involves imprecise 
reinsertion of an excised intron back into the p r e - m R N A is also suggested by IVlartinez et 
al. (1989). The Fink-Mart inez model , if correct , should result in unique gene structures -
introns should be concentra ted near the 5 ' end of each gene , because reverse transcription 
begins at the 3 ' -poly(A) tract of m R N A , but rarely ex tends complete ly to the 5 'end, 
and recombination between the gene and c D N A affects the ends less frequently than the 
middle. As a consequence , intron sliding should be rarely observed at the ends of genes, 
especially at the 5 'end (Mart inez et al. 1989). The Aspergillus oi-tubulin genes (May et al. 
1987) supported this model (Fig. 1 A. B). 

Repeat unit piles of tubulins 
In accordance with the Mode l , regularity of amino acid symbols in protein primary 
structures, or codon root symbols in the gene exon row, are identical with the regularity 
of intron positions of the gene ancestor ( including Oi l in modern gene structures). 
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Except ions may be only intron posit ions of mosaic-l ike genes formed by exon shuffling. 
Thus , in primary structures of tubulins the identical symbols of amino acids must have 
appeared with a periodicity of 4, corresponding to the size of a repeat unit 4 R U . However, 
in the vast majority of cases , amino acid sequences of primary RU after billions of years 
of protein evolution have diverged beyond recognit ion, even after translation to the codon 
root sequences . There are also exceptions - in cases when genes contain molecular relics. 
By this term we denoted the parts of modern gene and protein structures that may be frozen 
in t ime , preserving remnants of ancient events that formed the first living molecules (e.g. 
structures of primary R U . ancestral intron posit ions, etc.). For example , fibrillar collagens 
retain many copies of primary RU G P P (GlyProPro) dispersed alongside the protein 
amino acid sequence (Huang et al. 1991). Similarly the head domains of cytokeratines 
(e.g. mur ine CK-15) have preserved several consecut ive primary' repeats F G G G (Nozaki 
et al. 1994: Fig. 2A). We revealed similar structures of the RU-relics also in B-tubulin and 
tubulin prokaryot ic homologue FtsZ (named after the filamenting temperature-sensi t ive 
mutant Z; Fig. 2C; Erickson 1995). The structures of these and other repeat-relics allowed 
to conc lude that some (if not all) modern proteins evolved from regular s imple structure 
po ly-amino acids containing only a few distinctive amino acid residues, and that many 
genes containing nearly a full set of codons determining 20 natural amino acids evolved 
from simple almost monotone codon mul t imers . The driving force for this type of 
evolut ion evidently w a s a prototropic tau tomer ism of purine and pyr imidine bases and 
mispair ing of nucleot ides during nucleic acid replication reactions (Topal, Fresko 1976). 
As a result of spontaneous mutations dur ing long evolut ion, non-canonic nucleotide base 
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Fig . 2. Repeat unit piles (RUP) of proteins. A. 4RUP of the mouse c_\ tokeratine CK-15 sequence 
(63-86). Identical symbols in vertical lines are shown against a black backgraund. common-root 
amino acids are highlighted. B. 3RFP of the human collagen (COL2A1. 158-175). C. three pairs 
of repeat units 4RU (sequences 43-50, 91-98, and 127-134) from the protein FtsZ (a prokaryotic 
tubulin homologue). D. 4RUPof the pea R-1 tubulin, 8-1 3. F and F, artifically changed sizes of RUP 
structures (±1 symbol) of the pea 13-1 tubulin diminished the RUP regularity f r o m / = 67/33 (D) 
to 37/16 (El and 41/16 (F). G, 4RUP of the pea B-l tubulin. I 3 1 -156. H. 4RI.IP of the Arahidopsis 
tludiana a-1 tubulin. 137-160. 
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pairings (such as A-C . G-T. A-A. etc.) could transform polyaminoacids or s imilar simple 
structure peptide chains to complex modern protein amino acid sequences . 

To study the regularity of protein a m i n o acid sequences we elaborated a new 
methodology based on C A A C R A - design and analysis of repeat unit piles (RUP, see 
Materials and methods'). The regularity of R U P could be characterized by the content 
of dominat ing isosteric identical and c o m m o n - r o o t a m i n o acids in vertical l ines, using 
t he / - f ac to r values. Alongside formation of the original gene sequences (by nucleotide 
multiplication reactions) during evolut ion also genes -mosa ics were formed by exon 
shuffling (Gilbert 1987) Therefore , it was necessary to investigate the regularity of all 
exons and to make definite conclus ions of their similari ty or dist inction. In the case of 
tubulins this was a difficult task, because the primary RU (micro-exons) of tubulins were 
small ( I2nt /4aa) , very diverged, and no higher-level regulari t ies (e.g. secondary RU) had 
been found. 

Most of tubulin 4 R U P s (formed for analysis of regularity, each conta ining 6 repeat 
units and covering the whole amino acid sequence of protein) showed low values of the f-
fact or, which was characterist ic for biological ly highly specified (" 'nonregular") sequences. 
However we noticed that some regions of plant Pisum sativum and Arubiclopsis thaliana 
tubulins, particularly their N- or C- terminal sequences , had an enlarged content of 
glycine residues, and that separate te t rapept ide fragments of these regions were formed of 
hydrophobic U-group amino acid (Chipens 1991) and three glycine res idues (e.g., L G G G , 
IGGG. FGGG, etc.). There were a lso s imilar d ispersed f ragments whose structures had 
been changed by point mutat ions and common- roo t amino acids (e.g. . V P G G , VGEG, 
V G G E . IQGG. etc.), indicating that the potential precursor of tubulin primary RU was 
related to the RU-relie of the cytokera t ine ances tor head domain ( F G G G ) . 

In this context the structure of the tubulin prokaryot ic homologue was of specific 
interest - the protein FtsZ had s imilar pr imary and .ID-structure with tubulins (Erickson 
1995). This protein induces constr ic t ions of the cell wall and cell m e m b r a n e s that leads 
to the formation of two daughter cel ls dur ing bacterial cell division. The peptide chain 
of FtsZ is formed of precisely 91 repeat 4 R U (364aa) , and in three different regions 
has retained, as we suppose , ancestor protein repeats L G G G or their mutant forms. The 
distances between these repeats (calculated by compar i son of N-terminal amino acid 
positions of 4RU. shown in Fig. 2 C . in this part icular case 91 - 43 = 4 8 — 4 x 12 and 127 
- 9 1 = 36 = 4 x 9) corresponded precisely to whole number of 4RU mult iples . Therefore, 
the alternative explanat ion that te t rapept ide sequences had been formed by chance or 
convergent evolution is not very probable . Most likely, in the early period of evolution, 
tubulins evolved from RU precursors (containing g lyc ines and U-group amino acids) 
common to other proteins forming protocell structures. This conclusion was supported 
by the /-factor values of tubulin RUP. T h e high / values were revealed only in cases 
when repeats forming RUP where rich in glycines (Fig. 2D , G, II). Evident ly, only such 
repeats to some extent reflect the R U precursor structure and as a consequence also the 
regularity. 

Regularity of small G proteins and genes 
A family of small GTP-binding or G proteins (SGP) is involved in regulat ion of very 
different cellular processes such as signal translation, cytoskeletal organisat ion, organelle 
tratic in cells and others (Fabry et al. 1992: Dictmaicr . Fabry 1994). Based on amino 
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Table 2. Revealed (Dietmaier. Farby 1994) and calculated intron co-ordinates of the small G protein 
genes. Numerical values of intron coordinates marked by asterisk can be expressed as multiples of 
12 or 24nt. but marked by two asterisks only as multiples of 12nt 

N Intron. Nearest gene N Intron. Nearest gene 
position/phase knot point position/phase knot point 

and co-ordinate and intron and co-ordinate and intron 
(nt) deviation (nt) (nt) deviation (nt) 

1 6/0. 15 12/+3 26 86/2. 257 252/+5 
2 13/1. 37 36/+1 27 88/0, 261 264Z-3 
3 13/2, 38 36/+2 28 88/1. 262 264Z-2 
4 25/0. 72* 72/(1 29 96/2, 287 288/-1 

26/0. 75 72/+3 30 97/2. 290 288/+2 
6 30/1. 88 84/+4 31 104/0. 309 312/'-3 
7 34/0, 99 96/+3 . 32 112/0, 333 3 3 6/-3 
8 37/1. 109 108/+ 33 114/0.339 J36/+3 

9 37/2, 110 108/+2 34 122/0. 363 360//+3 

10 38/0. I l l I08/+3 35 123/1. 367 372/-5 

11 38/1. 112 I08/+4 36 125/0.372** 372/0 
12 41/0. 120* 120/0 37 128/1. 382 384Z-2 

13 46/0, 135 I32/+3 38 131/1. 391 396Z-5 
14 47/1. 139 144/+5 39 132/0, 393 396Z-3 

15 55/0. 162 156/+6 40 135/1.403 408Z-5 

16 56/0, 165 168/-3 41 138/0.411 408/+3 

17 57/0, 168* 168/0 42 138/1.412 408Z+4 

18 59/0. 174 I72/+2 43 151/0. 450 444Z+6 
19 63/2. 188 184/+4 44 155/1. 463 468Z-5 

20 65/2, 194 196/-2 45 162/1.484 4S0Z+4 

21 70/1. 208 204/+4 46 163/0,486 480Z+6 

22 77/1. 229 228/+ 47 166.-2.497 492Z+5 

23 80/0. 237 240/-3 48 171/1.511 516/-5 

24 81/0. 240* 240/(1 49 178/0.531 528/+3 

25 86.1,256 252/+4 50 181/0.540** 540/0 

acid similari t ies and functions, live different S G P subfamil ies are recognized (Ras, Rho, 
Rab/Ypt. Ran /TC4 and Art). Dietmaier and Fabry (1994) analysed the posit ions of 125 
introns from 28 S G P genes , including representat ives of all the tubulin subfamilies, and 
concluded that most if not all introns in modern S G P genes had arisen by independent 
insertion events after diversification of the various S G P subfamilies. 

We reinvestigated the intron posi t ions of the S G P family genes using the suggested 
Model and method of analysis, and the same dala bank of SGP introns formed by 
Die tmaier and Farby (1 994) . About a half of the S G P gene introns were located around 
the gene knot points in a zone +3nt ("Fable 2). confirming the regular intron disposition 
in a SG P gene ancestor. The green alga Volvax t arteri gene yptVI (Fabry et al. 1992) and 
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the basidiomycete Coprinus cinereus ras gene ( Ishibashi . Shishido 1993) can serve as 
examples of regular organisation of m o d e m SGP. Four exons of the ypiVl gene have a 
regular structure and are formed precisely of 4 , 4 . 6 and 13 repeats (exons 4-7 , Fig. IC): 

135 - 8 7 = 48 (nt); 48 = 4 x 12; 
183 - 1 3 5 = 4 8 (nt); 48 = 4 x 12: 
255 - 183 = 72 (nt); 7 2 = 6 x 12: 
4 ) 1 - 255 = 156 (nt); 156 = 1 3 x 12. 

The corresponding introns separat ing these exons all seemed to have '"slid off ' of the 
gene knot points (the birth-positions of introns) equally by +3nt, evidently as a result of 
an indel, because the length of the yptVl gene was precisely 51 repeat units (4RU) or 
61 2nt (including the s top codon) . 

Multiplication reactions of nucleot ides , in accordance with the advanced Mode l , form 
genes with symmetr ic exons and all in t rons in phase-0 . Restorat ion of all introns of the 
Coprinus cinereus ras gene (Fig. ID) in the bir th-posi t ions corresponding to the phase 
zero (shift by l-2nt up or down to the nearest gene knot point) revealed a completely 
regular exon row in which each exon was formed of a whole number of repeats 4 R U , but 
each intron crossed the gene knot points (Oi l 12, 60, 132, 216, etc. ; Fig. IE). Also in this 
case the length of gene coding part w a s formed of a who le number of repeat units (54 x 
12nt = 648nt: Fig. I D, E). Not accidental seemed also the length of the C. cinereus ras 
gene six introns (60, 5 3 , 57 . 172, 55 and 61 nt), which with one except ion all were around 
60nt or five repeats (Ishibashi , Shishido 1993). 

Visual analysis of long structures of R U P c o n t a i n i n g many repeats is not handy if large 
regions of amino acid sequences are invest igated. For this puipose we suggested another 
method termed autoscanning analysis , which was useful for analysis of amino acid as 
well as codon root sequences . Accord ing to this method , a sequence is moved alongside 
the sequence copy (a dupl icate) s tep-by-s tep ( symbol -by-symbol ) and the overlapping 
identical symbols are counted and registered graphical ly at each step. When the repeat 
unit boundaries overlap, the number of over lapping identical symbols is maximal . The 
scanning graph profiles of regular model sequences resembled a saw and the distances 
between the teeth of the saw showed the size of the RU. 

Natural protein autoscanning graphs , however , in most cases were very complex (as a 
result of mutations, indels, amino acid sl iding, etc.) . but there were also except ions . The 
autoscanning graph of the green alga Volvo.x carter! Ras protein amino acid sequence 
encoded by the gene yptVJ in a small region (steps 38-66) showed m a x i m u m positions 
corresponding to repeat unit sizes 4 R U and 8RU (Fig. 3F). The design of Ras protein 
repeat unit piles (4RUP, 8 R U P and I 6 R U P ; Fig. 3) confirmed sequence regularity after 
4 as well as 8 symbols . As we supposed, the 8RU was possibly a repeat of the second 
step multiplication reaction. T h e / - f a c t o r values of R U P s were low. but besides this, the 
density of identical symbols was of special significance for the analysis , e.g.. in the 8RUP 
structure the third co lumn contained four isosteric threonins, but the fourth column - three 
isosteric isoleucins. There was no possibil i ty of forming such regulari t ies by chance . It is 
necessary to note that autoscanning analys is of the Ras protein did not show maximum 
positions which corresponded to the size of 16RU. 

The obtained data provided new information about the regular structure of nucleotide 
and amino acid sequences and is one more step towards unders tanding intron and gene 
origin. Docs lightening often strike the same place twice? This quest ion was raised during 



A new approach to study the origin of genes and introns 77 

Fig. 3. Analysis of the regularity of the green alga Volvox carteri protein SGP encoded by the vptVI 
gene. A-E, repeat unit piles of the protein fragment (sequence 30-77) with different potential si/.es 
of repeats: 4RII. 8RIJ and 16Rf'. F, a fragment of an autoscanning graph of the yptVI gene encoded 
amino acid sequence 1-203 (steps 38-66). The bars show numbers of overlapping identical amino 
acid residues at each step of autoscanning. Maximums are shown by arrows topped with the step 
number/number of overlapping identical amino acids. Missing maximum positions are shown by 
vertical dashes. 

discussion of origin of the G A P D H (glycera ldehyde-3-phosphate dehydrogenase) gene 
family introns (Logsdon et al. 1994). and characterizes the absence of s t rong criteria 
and parameters of the exon theory of genes and the insertional theory of intron origin 
that are necessary to study the gene structural organisat ion and to resolve the intron 
problem. We suggest stich parameters: the co-ordinates of intron location, the sizes of 
repeat units, exons and gene coding parts as well as the regularity of gene and protein 
sequences characterized by / values of the corresponding repeat unit pi les. A stable 
fundament of a new nucleotide-mult ipl icat ion theory of exon and intron origin is the 
possibility to calculate theoretical sizes of exons and an exon row. as well as the potential 
intron posit ions in genes if the size of a repeat unit is know. Very important seems also 
our conclus ion that the regularity of ancestral intron (Oi l ) positions is the same as the 
symbol (amino acids or codon roots) regularity in protein amino acid sequences. Our 
general conclusion is that introns during evolution have arisen very early, a longside with 
exons from the same repetit ive nucleic acid precursors. Introns are a consequence of gene 
formation. 

Acknowledgements 

Grant support No. 01.0171 from the Science Counci l of Latvia is gratefully 
acknowledged . 



78 \. levina, (,. C Lipeus 

References 

Chipens G.I. 1991. The hidden symmetry of the genetic code and rules of amino acid interaction 
Bioon>an. Khun. 17: 1335-I 546. on Russian). 

Dibb N.J.. Newman A.J. 1989. Evidence that introns arose al protosplice sites. EMBO J. 8: 2015-
2021. 

Dietmaier W,, Fabry S. 1994. Analysis of the introns in genes encoding small G proteins. Cnrr. 
Genet. 26: 497-505. 

Erickson H.P. 1995. FtsZ, a procariote homolog of tubulin. Cell 80: 367-370. 
Fabry S.. Ka K.. Huber EE. Palme K., .laenicke [,.. Sehmitt R. 1992. The yptVI gene encodes a 

small G-protein in the alga Volvos carters, gene structure and properties of the gene product. 
Gene I 18: 153-162. 

FinkG.R. 1987. Pseudogenes m yeast. Cell 49: 5-6. 
Gilbert W. 1987. I'he exon theory of genes. Cold Spring Harbor Symp. Quant. Biol. 52: 901-905. 
Huang M.-C, Sever J . M . Thompson J.P., Spinella D.G.. Cheah K.S.E.. Rang A.H. 1991. Genomic 

organisation of the human procollagen alfll) collagen gene. Eur. J. Biochetn. 195: 593-600. 
Ishibashi O.. Shishido K. 1993. Nucleotide sequence of a ras gene from the basidomycete Coprimes 

cinereus. Gene 125: 233-234. 
Liaud M R . Brinkman H., Ccrff R. 1992. The a-tubulin gene family of pea: primary structures. 

genomic organization anil intron-dependent evolution of genes. Plant Mol. Biol. 18: 639-651. 
Logsdon J.M.Jr. 1998. The recent origins of splicesomnl introns revisited. Curr. Opin. Genet. Dev. 

8: 637-648. 
Logsdon J.M.Jr. Palmer J.D.. Stoltzfus A.. C.eiff R.. Martin W., Brinkmann H. 1994. Origin of 

introns: early or late? Nature 369: 526-528. 
Long M.. Rosenberg C . Gilbert \Y. 1995. Intron phase correlations and the evolution of the intron/ 

e\on structures of genes. Proc. Natl. Acad. Sci. USA 92: 12495-12499. 
Martinez P.. Martin V.E, Cerff R. 1989. Structure, evolution and anaerobic regulation of a nuclear 

gene encoding cytosolic glyecraldehide-3-phosphate dehydrogenase from maize. J. Mol. Biol. 
208: 551-565. 

May G.S.. Tsang M. I..-S., Smith H.. Eidcl S., Morris N.R. 1987. Aspergillus nidulans bcta-tubulin 
genes are unusually divergent. Gene 55: 231-243 

Nozaki M.. Mori M.. Mntsushiro A. 1994. The complete sequence of the gene encoded mouse 
eytokeratin 15 Gene 138: 197-200. 

Southern E.M. 1975. Long range periodicities in mouse satellite DKA. J. Mol. Biol. 94: 51-69. 
Stoltzfus A.. Spencer D.E.. Zuker M.. Logsdon J.M.Jr.. Doolitle WE. 1994. Testing the exon theory 

of genes: the evidence from protein structure. Science 265: 202-207. 
I'opal M.D.. Eresko J.R. 1976. Complementary base pairing and the origin of substitutions 

mutations. Nature 265: 285-289. 


