
Mitt. Geol.-Paläont. Inst. 
Univ. Hamburg The Sea off Mount Tambora S. 161-172 Hamburg 

Heft 70 October 1992 

Hyperthermophilic Archae- and Eubacteria 
occurring within Indonesian Hydrothermal Areas 

by 

G . H U B E R , R . H U B E R , B. JONES 

G . L A U E R E R , A . N E U N E R , A . SEGERER, K . O . STETTER 

& E . T . D E G E N S * ) 

With 3 Figures and 6 Tables 

Contents 

Abstract 1 6 2 

1. Introduction ^ 2 

2. Results and Discussion 163 
2.1 Sampling 163 
2.2 Archaebacterial Isolates from Sea Sediments and Sea Water Samples from the 

Sumbawa and Komodo-Rinja Areas 164 
2.3 Hyperthermophilic Archaebacterial and Eubacterial Isolates from the Shallow 

Submarine Hot Springs at the Beach of Sangeang Island 1 65 
2.4 Methanogenic Isolates from the Toye Bungkah Hot Springs, Bali 167 
2.5 Hyperthermophilic and Thermophilic Archae- and Eubacteria Isolated from Solfatara 

Fields at the Dieng Plateau and Tangkuban Prahu, Java 167 
3. Acknowledgements 17C 
References 171 

*) Addresses of the authors: B. JONES, Gist-Brocades, Delft, The Netherlands; G. HUBER, R. HUBER, 
G. L A U E R E R , A. NEUNER, A. SEGERER, Prof. Dr. K. O. STETTER, University of Regensburg, 
Institute of Microbiology, Universitätsstr. 31, D-8400 Regensburg, Federal Republic of Germany; Prof. 
Dr. E . T. DEGENS, SCOPE/UNEP International Carbon Unit, Institute of Biogeochemistry and 
Marine Chemistry, University of Hamburg, Bundesstraße 55, D-2000 Hamburg 13, Federal Republic of 
Germany. 



Abstract 

From 85 samples taken during cruise 45B of the R/V S O N N E within the Sunda 
Arc subduction zone and from solfatara fields in Java, thermophilic and 
hyperthermophilic archae- and eubacteria were isolated. The archaebacteria belong 
to the genera Methanobacterium, Methanolobus, Methanosarcina, Acidianus, 
Thermoproteus, Desulfurococcus, Thermoplasma and to two up to now unknown 
genera of hyperthermophilic marine heterotrophs and continental metal mobilizers. 
The eubacterial hyperthermophilic isolates are a new species of Thermotoga and a 
novel strictly anaerobe, thriving by H2/N03"-autotrophy. 

1. Introduction 

The most extremely thermophilic organisms known up to now belong to the 
archaebacteria, the third kingdom of life besides the eubacteria and the eukaryotes 
( W O E S E et al., 1978). These hyperthermophiles are the archaebacterial sulfur 
metabolizers and some methanogens, growing optimally at temperatures above 80°C 
(STETTER, 1986). Thermotoga maritima, the only hyperthermophilic species known in 
eubacteria, represents the deepest phylogenetic branch-off within its kingdom 
( H U B E R et al., 1986b; W O E S E , 1987). Due to their exceptional position in the 
evolution of life and their outstanding cellular properties, hyperthermophiles are of 
great interest for microbiology and biotechnology. 

Different hyperthermophilic archaebacteria have been isolated from 
continental and submarine hydrothermal systems at the Azores, East Pacific Rise, 
Iceland, Italy, Japan, Yellowstone National Park (USA), and New Zealand (BROCK, 
1978; STETTER, 1986; STETTER et al., 1987). Since hydrothermal biotopes are very 
distant and hyperthermophiles are unable to grow at normal environmental 
temperatures, the question of spreading arises. Although very few systematic studies 
on the distribution of hyperthermophiles were carried out up to now, there is 
evidence for the existence of endemic groups: The Methanothermaceae were up to 
now only found in the southwest of Iceland ( L A U E R E R et al., 1986), while 
Pyrodictium, Pyrococcus, and Archaeoglobus could only be isolated in Vulcano, Italy 
(STETTER, 1982; F Í A L A & STETTER, 1986; STETTER et a l , 1987). During the R/V 
S O N N E cruise 45B in Indonesia within marine areas of active volcanic activity along 
the Sunda Arc subduction zone and at solfatara fields in Bali and Java, attempts 
were made to address the following points: a) existence of novel hyperthermophilic 
archae- and eubacteria in Indonesia, b) distribution of hyperthermophilic 
archaebacteria within Indonesian hydrothermal systems and solfatara fields, c) 
dissemination of hyperthermophilic archaebacteria between different hydrothermal 
systems through cold sea water and d) survival of hyperthermophiles in cold deep-
sea sediments. Here we report on the first results of our screening program. 



2. Results and Discussion 
2.1 Sampling 

During cruise SO-45B, ten anaerobic samples (each 100 ml) of shallow (depth: 
30 to 82 m; t = 20 to 16°C) and deep sea (depth: 1283 to 1743 m; t = 2.9 to 3.7°C) 
sediments were taken from box grabs, piston- and box cores at different stations 
north, east and south of Sumbawa and in the Komodo-Rinja region. Thirteen 
additional sediment samples were taken by a syringe (STETTER, 1982) within the 
Satonda Crater lake (depth = 0.6 to 2 m; t = 32°C) and from shallow submarine hot 
springs (depth: 0 to 2 m; t = 75 - 96°C) at the beach of Sangeang Island, about 7 km 
north of Kelapa village. The freshly taken samples were collected in 100 ml storage 
bottles and oxygen was reduced immediately by addition of sodium dithionite and 
sodium sulfide until the redox indicator resazurin added before became colorless 
(STETTER, 1982). The bottles were tightly stoppered and stored at 4°C. Eight 

Table 1 
Samples taken from Hot Springs and Continental Solfatara Fields in Bali and Java 

Abbreviations: T B = Toye Bunkah; KS = Kawah Sikidang; K C = Kawah Candradimuka; 
SL = Kawah Sileri; K D = Kawah Domas; K B = Kawah Badak; KDj = Kawah Djarian; 
C = Ciater; G G = Garung Gede. 

Original Original 
Designation p H Temp (°C) Designation p H Temp (°C) 

T B 1 7 42 K D 1 3 91 
2 7 39 2 2 94 

3 5 67 
KS 1 1.5 93 4 2 46 

2 1.5 92 5 2 86 
3* 3 22 6* 1.5 32 
4* 3 92 7 2 70 
5 1.5 50 8 4 94 
6* 2 24 9 3 50 
7* 3 27 10 3 50 
8 3.5 51 11 3 58 
9 7 92 12 3 93 

10* 3 50 13 3 92 
11 3 50 
12 2.5 92 KB 1* 1 90 
13 3.5 22 2 1.5 68 
14* 3.5 22 3 2 94 
15 5 92 
16* 3 30 KDj 1* 3 92 
17* 2 30 2 3 93 

3 5.5 92 
K C 1 7.5 88 4 1.5 92 

2 6 90 5 3.5 94 
3 5 60 6 1.5 90 
4 7.5 80 

SL 1* 6.5 55 C 1 3 42 
2 6.5 62 2 3 43 
3* 6 55 
4* 6.5 40 G G 1 6.5 56 
5* 3.5 32 2 6.5 56 
6 5.8 72 
7 3.5 32 

* aerobic sample 



samples of sea water (depth: 14 to 2000 m) were deoxygenated as described for the 
sediments. In another experiment, 3-5 1 of the anaerobic water samples were passed 
through millipore ultrafilters (pore width: 0.4 jim) in order to concentrate the 
microorganisms. The filter concentrates were then stored anaerobically in tightly 
closed 20 ml storage tubes. 

During land expeditions anaerobic and aerobic water and mud samples were 
taken from the following places (Table 1): Lake Batur, Bali: Toye Bungkah Hot 
Springs (TB); Dieng Plateau, Java: Kawah Sikidang Crater (KS), Kawah 
Candradimuka Crater (KC), and Kawah Sileri Hot Lake (SL); Tangkuban Prahu, 
Bandung, Java: Kawah Domas Crater (KD; altitude: 1500 m above sea level), Kawah 
Badak Crater (KB), and Kawah Djarian Crater (KDj); Ciater, Bandung, Java: Ciater 
Hot Springs (C); Garung Gede, Java: Hot Waterfall (GG). A l l samples were carried 
back to the laboratory by airplane without temperature control. Growth experiments 
were performed at 20, 37, 60, 85, 100 and 110°C and at pH 2, 5.5, 7, and 8.5 with 
various organic and inorganic substrates (e.g. F l A L A & S T E T T E R , 1986). 

22 Archaebacterial Isolates from Sea Sediments and Sea Water Samples from the 
Sumbawa and Komodo-Rinja Areas 

In order to detect hyperthermophiles possibly existing and spreading between 
zones of active submarine volcanism, water and sediment samples with low original 
temperatures were incubated anaerobically at high temperatures in the presence of 
substrates suitable for such organisms. No hyperthermophiles could be enriched. 

Table 2 

Mesophilic Methanogenic Archaebacteria isolated from Sea Sediments with Low Original Temperatures from the 
Sumbawa and Komodo-Rinja areas. 

Sample 

FS - 1 

Station 

101-2 

Water 
depth (m) 

1735 

Original 
temperature (°C) 

Description 

2.9 greyish-green 
sediment 

Isolate 

Methanosarcina sp. 

FS - 6 107-2 
Methanolobus sp. 

F S - 7 113-1 
Methanolobus sp. 

82 

45 

16 

19 

greyish sediment 

with concretions 

greyish sediment 

banded hematite 

FS - 14 

FS - 15 

FS-15a 

Satonda Crater 
Lake, Stat. 16 

Satonda Crater 
Lake, embarka
tion site 

Satonda Crater 
Lake, bottom 

60 

27 

32 

29 

black mud in 
spring 

black sediment 

black sediment, 
contains H 2 S 

Methanolobus sp. 

Methanolobus sp. 

Methanosarcina sp. 
enrichment culture: 

novel irregular leach-
shaped methanogen 



Although only relatively few samples were taken, this result suggests that (a) these 
sediments did not contain significant amounts of hyperthermophiles which survived 
at low temperatures in the resting state and (b) the surrounding water contains less 
than 1 cell of hyperthermophiles/5 liters. Possibly, much larger quantities of sea 
water within hydrothermally active areas have to be filtered (e.g. cubic meters) in 
order to detect spreading cells of hyperthermophiles. When these samples were 
incubated at 30°C, mesophilic strictly anaerobic methanogenic archaebacteria were 
enriched from some sediments and were purified by plating (Table 2). The 
physiological properties and morphology suggest that these methanogenic isolates 
belong to the genera Methanosarcina, Methanobacterium, and Methanolobus ( B A L C H 

et al., 1979; K Ö N I G & S T E T T E R , 1982). Methanolobus is an obligate methylotroph 
which was up to now isolated only once from a black marine sediment in Tindari, 
Sicily ( K Ö N I G & S T E T T E R , 1982). Our results suggest that it may be common in 
marine sediments. A novel, highly irregular ("leach"-shaped) methanogen from Lake 
Satonda was up to now obtained only in syntrophic mixed culture with Clostridia. 

23 Hyperthermophilic Archaebacterial and Eubacterial Isolates from the Shallow 
Submarine Hot Springs at the Beach of Sangeang Island 

From sample SG 7 (original temperature = 90°C), a new coccoid strictly 
anaerobic heterotrophic hyperthermophilic archaebacterium was isolated under 
anaerobic growth conditions at 90°C in artificial sea water (SME; S T E T T E R et al., 
1983) supplemented with yeast extract (0.1 %) and elemental sulfur. Cells of the 
isolate are motile cocci, about 0.5 to 2 jxm in diameter, occurring mainly in pairs, and 
are monopolar monotrichous flagellated (Fig. 1). Complex organic nutrients such as 

Fig. 1 Dividing cell of the hyperthermophilic archaebacterial isolate SG 7. E M micrograph, negative-

staining. Bar, 1 p.m. 


