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they could be categorized into two morphological 
groups. The first group includes the isolates FA002, 
FA003, FC203, FC1002 and PD522. Cells of the first 
group are long slender rods (an average size range 
of 0.4-0.5x1.5-5 μm) with a toga at both terminals; 
this characteristic is a typical hallmark of the genus 
Thermotoga spp. (Figures 2a and 3a). The second 
group includes the isolates PD501, PD502, FA004, 
FC2004, FC201 FC203, FC303, JS401, JS504 and 
JS602. Cells of the second group are short rods (size 
range of 0.5-0.6x1-2.5 μm) with a balloon-like toga 
presenting at a terminal (Figures 2b-2d and 3b-3c). 
Few long filaments (an average size range of 10-40 
μm) were rarely observed on some isolates (Figures 
2c-2d). 

Figure 2  Phase contrast micrographs of some isolates belonging to order Thermotogales. (a) Isolate 
FA002 shows slender rod shaped cells with a toga at both terminals. Cells occur singly sized of  
0.4-0.5x2.5-5 μm. Arrow heads indicate toga. (b) Isolate FC2004 shows short rod shaped cells 
with a single large terminal toga. Cells are usually encased in thick sheath-like membrane, 
occurring singly or in pairs. Arrow heads indicate toga. (c) Isolate JS401 shows short rod shaped 
cells with a toga at one terminal. Filament with a terminal spheroid toga is occationally detected. 
Cells arrange singly and short chain. Arrow head indicates a filamentous cell with a balloon-like 
toga. (d) Isolate FC2004 shows a long filamentous and short rod shaped cells with a terminal 
toga. Arrows indicate toga.

Biochemical Properties
Ability to utilize carbohydrate of the isolates 

was tested in CT basal medium containing 1 g/l of 
test carbohydrates. In general, slight growths (with 
a magnitude of 106 cells/ml) were observed in the 
CT basal medium (controls), but no growth was 
detected on the isolates FA003, PD522 and FC202 
(data not shown).  In addition, no growth on all 
carbohydrates tested was also observed in these 
three isolates, implying this medium might not be 
suitable for their growths (Table 1). Therefore, these 
isolates are categorized into a separate group named 
in this study as “biochemical subgroup I”, and the 
remaining 12 isolates are grouped as “biochemical 
subgroup II”. Members of the subgroup II were 
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detectable growing at least on glucose, sucrose 
and maltose (with a magnitude of 107 cells/ml). No 
growth on lactose was detected in all isolates, except 
that slight growth was observed on isolate FC1002. 
Little to remarkable growths on soluble starch and 
carboxymethyl cellulose (CMC) were demonstrated 
on isolates FC1002, FC2004, FA004, FC201, JS602 
and FC303 (Table 1). 

Degradation of Duck Feather
Previous reports suggested that some 

strains of hyperthermophilic Fervidobacterium 
pennavorans (Friedrich and Antranikian, 1996), 

Fervidobacterium changbaicum (Cai et al., 2007), 
and Fervidobacterium islandicum (Nam et al., 
2002) digested keratin in feather.  Ability to degrade 
native feather of the 15 isolates was tested at 75 °C  
and 80 °C. Results reveal that all of the 5 isolates 
belonging to the morphological group I were found 
unable to degrade the feather. In contrast, 8 from 10 
isolates belonging to the morphological group II 
significantly degraded keratin in the feather (Table 
1). Although isolate FC202 was inert on the test 
carbohydrates, it was observed degrading the feather 
in the medium.

Table 1   Biochemical properties of hyperthermophilic isolates belonging to order Thermotogales. All tests 
were performed in triplicates and compared with controls.
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FC1002 I II + + + + + + + - I

FA002 I II ± + + - + - - - I

FA003 I I - - - - - - - - I
FC203 I II + + + - + + - - I
PD522 I I - - - - - - - - I
FC2004 II II + + + - + + + + II
FA004 II II + + + - - + ± + II
FC201 II II + + + - - + + - II
FC202 II I - - - - - - - + II
JS602 II II + + + - - + ± + II
FC303 II II + + + - + + + - III
PD501 II II + + + - ± + - + III
PD502 II II + + + - - + - + III
JS401 II II + + - - + + - + III
JS504 II II + + + - - + - + III

1 + = growth, ± = slight growth, - = no growth, (n=3). 
2 + = degrade duck feather within 48 h, - = not degrade duck feather within 48 h, (n=3).
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	 16S	rDNA	Profiles	
 16S rDNA profiles were constructed 
using three primer pairs (U515F/UA1406R, 
A109F/940EcoR1rc and THER3F/UA1406R). 
Approx. sizes of 900 and 1400 bp-long PCR 
products were anticipated from the binding positions 
of the U515F/UA1406R and THER3F/UA1406R, 
respectively (Figures 1a). Analysis of the A109F 
priming sequences (length at 3’end) suggests that the 
primer might bind more strongly to the sequences 
of Thermotoga spp. than Fervidobacterium spp. 
(Figure 1b). 
 Experimental results reveal three 
distinguishable profiles generated using these primer 
pairs (Figure 4). As expected, the bands with approx. 
size of 900 and 1400 bp-long were obtained from all 
isolates when amplified using the universal primer 
pairs of U515F/UA1406R and THER3F/UA1406R, 
respectively. On the other hand, 3 distinct PCR 
profiles (Figure 4) named “16S type I”, “16S type 
II”, and “16S type III” were revealed using the 

A109F/940EcoR1rc.
 The 16S type I is identified by a faint PCR 
product size of 850 bp-long amplified using the 
A109F/940EcoR1rc (lane 3 in Figure 4), and it 
was disclosed on the isolates belonging to genus 
Thermotoga spp. (FC1002, FA002, FA003, FC203 
and PD522) mentioned above (see also alignment of 
the A109F in Figure 1b). The 16S rDNA sequence 
of isolate FC1002 (GenBank JF339227) reveals 
the highest similarity (94-97%) to several known 
sequences of Thermotoga spp. (GenBank nos. 
AE000512, AJ401024, CP001839, CP000702 and 
NR_024751). The results confirm that the isolates 
with a toga at both terminals share the same 
characteristic as genus Thermotoga species (Figure 
3a).
 The 16S type II is depicted by a prominent 
DNA fragment size of 1000 bp-long amplified 
using the A109F/940EcoR1rc (lane 6 in Figure 4), 
and it was demonstrated on 5 isolates belonging to 
genus Fervidobacterium (FC2004, FA004, FC201, 

Figure 3 Classification based on morphology and 16S profiles. (a) Cells with morphological group I 
and 16S type I profile are classified as genus Thermotoga species. Isolate numbers were listed 
beneath the pictures. (b)  Cells with morphological group II and 16S type II profile are classified 
as genus Fervidobacterium species. Isolate numbers were listed beneath the pictures. (C)  Cells 
with morphological group II and 16S type III profile are classified as genus Fervidobacterium 
species. Isolate numbers were listed beneath the pictures. 
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FC202 and JS602). The 16S rDNA sequence of 
the isolate FC2004 (GenBank JF339226) reveals 
96% similarity to Fervidobacterium changbaicum 
strain CBS-1 (GenBank EF138832), F. islandicum 
strain AW-1 (GenBank AF434670) and F. nodosum 
Rt17-B1 (GenBank CP000771) and 92% similarity 
to F. gondwanense strain AB39 (GenBank 
NR_036997). The results confirm these isolates 
as Fervidobacterium spp. (Figure 3b). In addition, 
a reverse priming site of the 940EcoR1rc (named 
940EcoR1rc?) is identified in this study (Figures 
1a). In order to confirm the presence of this priming 
site, PCR amplification reactions using the single 
940EcoR1rc primer and DNA templates from the 
16S type II isolates reveals 1000 bps PCR product 
(data not shown). However, this additional priming 
site (940EcoR1rc?), at the adjacent sequences of the 
16S rRNA genes, was absent in the complete genome 
sequences of F. nodosum (GenBank CP000771) and 
F. penivorans (GenBank CP003260). The results 
imply that these 5 isolates are differentiated from 
F. nodosum and F. penivorans.

 The 16S type III is recognized by 
lacking PCR product when amplified using the 
A109F/940EcoR1rc (lane 9 in Figure 4), and it was 
determined on the other 5 isolates belonging to genus 
Fervidobacterium (FC303, PD501, PD502, JS401 
and JS504). The missing DNA band might result 
from a weak bonding (where the 3’ hydroxyl end of 
the A109F primer) on several reported 16S rDNA 
sequences from Fervidobacterium species including 
the F. nodosum and F. penivorans mentioned above 
(Figure 1b). 
 Diversity of the Hyperthermophilic 
Bacteria across the Hot Springs
 Five isolates belonging to Thermotoga spp. 
were discovered from Fang and Pong Duet hot 
springs (four and one isolates), respectively (Figure 
3a). However, no Thermotoga sp. was obtained from 
Jae Son hot spring. Unlike the isolate FC1002, the 
isolate FA002 is unable to utilize lactose, soluble 
starch and CMC, and the isolate FC203 is unable 
to utilize lactose and CMC (Table 1). Although, the 
isolates FA003 and PD522, which are classified 

Figure 4  16S rDNA profiles generated using 3 primer pairs (U515F/UA1406R, A109F/940EcoR1rc and 
THER3F/UA1406R). Lane 1 indicates 100 bp ladder size markers. Lanes 2-4 represent profile 
type I that was amplified from the isolates FC203, FC1002, FA002, FA003 and PD522. Lanes 5-7 
represent a profile type II that was amplified from the isolates FC2004, FA004, FC201, FC202 
and JS602. Lanes 8-10 represent profile type III that was amplified from the isolates FC303, 
PD501, PD502, JS401 and JS504. 
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within the biochemical subgroup I, are inert on 
carbohydrate utilization, they were isolated from 
remote habitats. The results suggest that all 5 isolates 
belonging to Thermotoga spp. are distinct in their 
biochemical characteristics. 
 Ten isolates with the morphological group 
II are identified as Fervidobacterium spp. (Figures 
3b and 3c). They include 5 isolates from Fang 
(FC2004, FA004, FC201, FC202 and FC303), 2 
isolates from Pong Duet (PD501 and PD502), and 
3 isolates from Jae Son hot springs (JS401, JS504 
and JS602). Excluding the isolates FC201 and 
FC303, all Fervidobacterium spp. were keratin-
degrading detectable in native feather. Unlike 
isolate FC2004, isolates FA004, FC201 and JS602 
are unable to utilize cellobiose. In contrast to 
isolate PD501, isolate PD502 is unable to utilize 
cellobiose. In contrast to isolate JS401, isolate JS504 
utilizes maltose, but not cellobiose.  Among isolates 
belonging to Fervidobacterium spp., isolate FC202 
was determined inert on carbohydrate utilization 
(Table 1). However, it degrades keratin in native 
feather. The 16S type II and III profiles imply 
diverse sequences of these isolates belonging to 
Fervidobacterium. In this study, the 16S type II 
profile is uniquely determined only in some Thai 
strains.

Conclusions
 Two  morpho log i ca l  g roups  o f 
hyperthermophilic bacteria belonging to order 
Thermotogales were isolated from various sediment 
samples collected from Pong Duet (3 isolates), Fang 
(9 isolates), and Jae Son (3 isolates) hot springs. 
All grew at temperatures around 80 oC by gaining 
carbon and energy from pancreatic digest of casein 
and yeast extract. Strain differentiation was revealed 
based on biochemical properties and 16S rDNA 
fragment profiles. Twelve isolates were determined, 

utilizing carbohydrates including soluble starch 
and CMC. Five isolates (FC1002, FA002, FA003, 
FC203 and PD522) were identified as the genus 
Thermotoga species (Figure 3a), and ten isolates 
as the genus Fervidobacterium species (Figures 3b 
and 3c). It is noticed that the isolates belonging to 
the genus Thermotoga species do not degrade native 
feather. In contrast, 8 of the 10 isolates belonging 
to the genus Fervidobacterium species substantially 
degraded keratin excluding the isolates FC201 and 
FC303 (Table 1). 
 In conclusion, geothermal hot spring 
ecosystems in Thailand are rich in cultured 
hyperthermophilic species belonging to Thermotoga 
and Fervidobacterium. Strain differentiation among 
these isolates using conserved sequences from tRNA 
genes and an arbitrarily primed PCR based technique 
is under investigation (Welsh and McClelland, 
1991; Patlada et al., 2011). Among the three hot 
springs examined, Fang hot spring might be a 
unique habitat and suitable for growths of divergent 
hyperthermophiles. The 16S type II observed among 
the 50% of strains belonging to Fervidobacterium 
indicates that they are differentiated from those 
reported known Fervidobacterium nodosum and 
F. pennivorans (Friedrich and Antranikian, 1996; 
Patel, et. al., 1985). The hyperthermophilic isolates 
obtained from this study are crucial sources of 
thermostable enzymes with potential to be applicable 
in degrading polymers such as starch, cellulose and 
insoluble keratin. 
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