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low due to its poor solubility. However, because of their lower growth rates
and cell yields and highly comlex procedures for cultivation. detailed research
on biochemistry and molecular biology of hyperthermophilic archaea has been
precluded. Therefore, I mounted a exploration of the aerobic organism which
can grow optimally at temperatures above 90 °C.

After months of trial an error, [ succeeded in isolation and cultivation
of a novel type of the strictly aerobic hyperthermophilic archaeon Aeropyeum
pernix, and quite significant increases in cell yield could be achieved with
minor modifications to culture conditions (Chapter 2; Sako er al., 1996).
Subsequently, in the process of the study on phylogenetic characterization of
this orga sm based onrR A sequen: [ unexpectedly found the intervension
of multiple introns within the rRNA gene locus (Chapter 3). Futhermore, the
results implied the presence of hotspots for intron-insertion. These unusual
observation promoted me to conduct an intensive vestigation of the structure
and regulation f the rRNA ¢ eron (arnSL) of this attractive organism.

The overall aim of this study is to clarify the structure and f 1ction of
the rRNA introns in the hyperthern | lic archaeon A. pernix, and to understand
how the intraspecies polymorphism in intron-insertion was generated. In Chapter
3, I reported the intraspec s polymorphism in the rRNA operon of A. pernix
and also discuss the implication of the presence of hotspots for intron-insertion
within this locus. In Chapter 4, to examine whether the protein-coding intronic
RNAs, I'a a 117, can function as mRNAs for corresponding ORFs after
splicing events, post-splicing dynamism of e excise intronic RNAs in A.
pernix K1 cells was investigated. In Chapter 5, I describe the functional
characterization of the | ron-enco :d protein and discuss the role that it may

have play: in the horizontal transfer of A. pernix rRNA introns































































the unusual growth conditions this organism experiences in situ. Close
relatives of isolate K1 were isolated from a shallow submarine hydrothermal
vent in Tachibana Bay, Nagasaki, Japan (32° 45' N, 130" 10" E) and coastal
hot springs at Obama, Nagasaki, Japan (32° 43' N, 130° 12' E). There Woﬁld
seem to be several ways that geothermally heated water could contain, or
become contaminated with, oxygen in these hydrothermal environments.
Theretore, iso e K1 and i relatives may thrive in widespread oxidative
zones within marine hydrothermal environments.

On the " 1sis of the strictly aerobic mode of life, a distinct G+C
content of 67 mol%, the idiosyncratic lipid composition, and the low level
of similarity of the 16S and rk A sequences with any member of the
Archaea, 1 proposed a1 ne Aeropvrum pernix gen. nov., sp. nov. for the
fo isolates. The type strai of A. pernix is K1, which has been deposited
in the Japa Collection of M -oorgani: The stitute of Physical and
Chemical Research (RIKEN), Saitama, Japa wi the accession number
of JCM 9.

























































A 5'ss at

4229 tggggagtacggccgcaaggctga
4255 GGTCCG o 3GTCTTCTCGTAATGGCATGAATGG TTGTGATATAGTATTACAAACT
( 1) RE M N G ¢ D I V L Q T

4315 CTTGATAGTTTGGGGCTTCAAATGGATGGGTATGCTTTATTTTACTTGGTTGGTGCTCTC
(1) L. D $ L G L Q M bD G Y A L F Y L V G A L
4375 AGGGACGGCTCTGTATATAGGTACTCGAGGAATTACTATGTGATATGGTACTCGTCGAAT
(31) R D G 8§ v Y R Y S R N Y Y V I W Y S S N
4435 AAAGACTATCTGGAGAGAGTTATAGTCTCAAAACTCAGAATTCTAGGTTTCCATAATGTA
(%51) K D ¥ L E R V I Vv 8 K L R I L G F H N V
4495 AGAGTTTACCAATATAAACGGGGAGCCTATAGAGTGCGGATAAGTTCTAAGCAGCTCTTT
(71) R V.. Y 9 ¥ K R G A Y R V R I S S K Q L F
4555 CACATACTAGTAAATCAGTTTGAGCACCCTCTAAGCACAAGCTCCAGGAAAACTCCGTGG
(91) H I L VvV N Q F E H 2P L s T S S R K T P W
4615 CCTACGCCTCAAAGGGTGAAAGATGGAC! TAGCACTTCAAATAGAATATGTAAAGGGT

(111 P T P Q R V K D G P L A L Q I E Y V_K G

4675 TTTGTTGACGCAGAAGGTAC 3STGATAAAATCTAGCAAAGGAGTTCAGGTCGATGTTTCG
(131) ¥ v. D A E G S V I K s S K G VvV Q VvV D V S8

4735 CAACAAATTATGGAGCCGCTAAAATTTCTGGCTCAGGTGTTAGAGAAAGTCGGAGTTAAA
(151 ¢ ¢ I M E P L K F L A Q V L E K VvV G V K
4795 GTAACCGGCATTTACCTTGGTAGTGATGGAGTTT AGGTTGAGGATAGCGTCACTCGCC
(k7,) v... ¢ 1 ¥ L G S b GG V W R L R I A S L A
4855 TCCCTGAGACGCTTTGCACATTACATAGGGTTTAGACATCCTTGTAAAAGTAAGAAGTTA
(191) s L R R F A H Y I G F R I P C K S K K L

4915 AATGAGCTTCTTGGAAGACCCCTCCCCGGGCCCAGCA}LCttaaaggaattggcggggga
(211) N E L L G R P L P G P S K L K G I G G G
4975 gcaccacaaggggtggagcctgccgcttaattggagtcaacgcc

(231) A P Q G V E P A A *

= 5'ss

7093 gggcctaacagcagccatcctct

_ SS
7298 GGGTGGGGTGCCCGCCGGAGAGggagtgcgtaacagctcacccgccyg

!

7118 AGGCGGGTTACCTCACCCTTCCAGGTGCTGGGTTTAACTGAATCTTAGTATTACATTTTG
7178 TAGTTCATGCCZ ;ATAGGGTAGAAGGTACTAGTCTAATAGGATTTAGGCATCCTCAGAA
7238 GTCAGGGCGTGCATTTAGACTCTTAACGAAGTTTGGTCATGCTAATTATTATTTCCCTTT
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FIG. 3.6. Nucleotide sequences corresponding to thet :e rRNA  ons and flanking exons. (A)la

(BYIB;(C)lr . (D)16;(E)le; (F) [ Z . The nucleotid i s refer to the numbering for the
sequence AB0O087-._. 5'ss and 3'ss denote the 5" and 3’ sp iites, respectively. The amino acid
sequences of intronic ORF are included. Putative ribosome binding sites (RBS) are boxed. Underlined
amino acid sequenc  ndicate LAGLIDADG motif (Mueller  al., 1993) that is shared by  ron/intein-

encoded homing endonucleases.
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(: 5'ss *
7150 gccgggagtaaccctgactctettal 8174
8175 ACGafﬂﬁiégTCCACCGCCAGTCACAGTATATATTAGGGTTTTGGTTTCTTGGGCTTCTT 8234
8235 TATTUGAGGA[TAGA' \GAGTGGATCAGTGTCTACTGGAGGGATATGTGGCGGGAATAATA 8294
¢ 1) RBS vV D Q C L L E G Y V A G I I {(14)

8295 GATGCCGAAGCTAGCCTCTCAGTAAGCATAAAAATTCAAGAGGATCTAAGATGTCGTGTG 8354
(15 b A E A S L S V S I XK I ©Q E D L R C R V {( 34)

8355 CGCGTCGATCCTGTGTTCAGTATAACACAAGACAGCAAAGACGTGTTAAACGTGGTGAAA 8414

(3%)R V D P V F §$ I T ©Q D S K D VvV L N V V K (54
8415 AACTACTTTGGCTGTGGCAGGTTGATGCCGAAACCAGGTCAAGAACATCTAACATTATAT 8474
(55) N Y F G ¢ G R L M P K P G Q E H L T L Y (74)
8475 GTGGTTGATAGGCTAGAGGCTCTTGCTGATTGTCTAATCCCTAAATTGGATCGTCTACCA 8534
(75) v V. D R E A L A D C L I P K L D R L P ( 94)
8535 TTAATCGTCAAGAAAAGAGGATTCGAGATGTTCCGTGAGATTGTATTAACGTTAACCCGA 8594
(9) L 1 v XK XK R G F E M F R E I Vv L T L T R (114)

8595 ATGAAATATAGACGAGTCGAG CTGCGTCATAAGAGACTTGGTATTAAATCGTACTCCC 8654
(115 M K Y R R V E C¢C ¢ Vv I R D L VvV L N R T P (134)
2655 TATCTAGCCTAAATAAAAAGTCTAAGCGAAAACGCTCGCTAGAAGAAATTTTGAAGATTA 8714
(135) Y L A * 3'ss

8715 TTCCTTGTGATAAGGCGGTGGAGCCCCCGGGAGAAaggtagccaaatgccttgeccgggta

) 5'ss;* .

-25 tggggagtacggccgcaaggctga
1 AGGTCCGCGGGAGGGTTCCTGACGTGGTTAAGTAGAATTGTTACCCTCCCCGGGCCCAGE 60
61 Altcttaaaggaattggcggggga

3'ss

F: 5'ss *
-10 ccgtcgccag! -1
1 ACCAGCUGUAGGCGCCCGCACGGUACK JGAAAUAUAGUGUAAAUUAGAAGUACCUUAGG 60
61 AGAAGACCUUAAGAUCUCUUCACUUUAAUAAACGCGCCGUGCGGGCGCCUGUGCUGGGGC 120
121 GAACtcgtgccgtgaggtgtcctgtta

3'ss

F: 5'ss *
-25 gccgggagtaaccctgactctcttal -1
1 ACGGGGGTTATCCACCGCCGGTCATAGCATATAAGGCGGGTGGAGCCCCCGGGAGAAagg 60

61 tagccaaatgccttgccgggta 3'ss

FIG. . (continued.)
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of these introns. The pattern of introns suggests that they were independently
inserted into the hotspots within the rRNA genes of A. pernix. Introns at same
positions, e. g. @ and 18, are not recognizably similar in sequence or are
significantly different in size and are difficult to compare. If a prototypical
insertion pattern of introns was present before the divergence of A. prenix
subspecies, then a staggering number of mode for deletion events is required
to account for the present distribution. Therefore, it is plausible that intron-
insertion promoted the subspecies genetic divergence of this archacon.

Some eukaryotic group I introns are considered autonomous genetic
elements (Dujon, 1989; Lambowitz, 1989) that are mobile by intron insertion
(Jaquier and Dujon, 1985; Woodson and Cech, 1989; Mohr and Lambowitz,
1¢ [)or, pc bly, horizontal transfer (Dover and Coen, 19¢ ; Lambowitz
an Perlman, 1990). Some introns are known, genetically and experimentally,
to be inserted or 't me' into specific target positions that are recognized by an
endonuclease encoded by the same  on ( iquier and )ujon, 1985; Belfort,
1991). With intron homing, an on could be inserted into an intron-lacking
rDNA repet as arest - of i1 actio with an intron-containing rDNA repeat
from another nucleus, perhaps during sexual reproduction. On the analogy of
these knowledges, the presc ce ¢ hotspot for rRNA introns in the archaeon A.
pernix might be rat nalize by the rther investigation of the homing-site
specific endonuclease (hon 1g 1donuclease) and the observation of mating

phenomenc



























RNAs, Ia and [ 7, could work as mRNA for intron-encoded ORFs, further
investigations on post-splicing fate of the three introns might provide a molecular
rationale of regulation of intronic ORF expression. Site specific 5' end processing
of the excised intronic RNA [a (Fig. 4.1A) could also be involved in the
translational control of intronic ORF, since the resulting trimmed oligo-

ribonucleotide portions contain rib¢ >me-binding site upstream of the intronic
ORF .
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the intron [ within the arnS gene of A. pernix OH2. were constructed by
cloning directly the PCR fragment (1.26 kb) into the pCR2.1 vector (Invitrogen).
For cleavege assay, the pO2A2 plasmid was linearized with Eco RI and then
used as a substrate.

Recombinant DNA techniques. Standard procedures were used as
described in Chapter 3.

Construction of expression plasmid for the intron-encoded protein
I- Ape 1. To express the presumptive I- Ape I coding sequence independently
of the rest of the arnS gene of A. pernix K1, codons 1 to 222 (refer to the
numbering in Fig. 3.6A) were inserted into a bacterial expression vector, as
follows. To place an initiator methionine codon (ATG) and an Nde I site at
the 5" end of 1 : I- Ape I coding segment, two oligonucleotide rimers (5'-
ACATATGAATGGTTGTGATATA -3" and 5'- GGATCCTTAGCTGGGCC
CGGGGAG -3') and A. per 'x KI chromosomal T [A as a template, a
correspc ding double-s inded fragment was generated by PCR. One end of
tt PCR producthas the sequence corresponding to the carboxy-terminal end
of the presumptive [- Ape I polypeptide fc >wed immediately thereafter by a
translational stop codon and an Bam HI site. Therefore, a 677-bp Nde 1I-Bam
HI fragment of the PCR product at contains this region was subcloned into
pET-11b to yield pAH352. Nucleotide sequence analysis confirmed that the
inserted segment did not contain any unwanted PCR-generated mutations.

Expression and purification of the recombinant I- Ape I protein.
Overe: _ -ession of I- Ape I was obtained by transforming pAH352 into E. coli
strain BL21 (DE3) pLysS. A culture (6 liter) of transformed BL21 (DE3)
pLysS cells was grown at 37 °Cin LB bt h ( % Bacto-tryptone, 0.5% Bact-yeast
extract, 0.5% NaCl, | mM NaOH) supplemented with 100 & g/ml ampicillin
to an OD,,,=1.0. Induction of the T7 RNA polymerase, and subsequently the
[- Ape I gene under control of the T7 RNA polymerase-dependent phage
promoter, was achieved by the addition of isopropyl-1-thio- 8 -D-galacto-
pyranoside (IPTG) to a concentration of 1.0 ml._ follo ed by further growth
for 3 h at 37 °C. The culture v ; then chilled on ice , and 1e cells (15 g, wet
weight) were harvested by centrifugation at 4 °C. Ur :ss otherwise stated, all
subsequent operations were performed at 4 °C. The cell pellet was washed

and resuspended in 1.5 volumes of hosphate-buffered saline [PBS; 8.1 mM
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The endonucleases have the ability to facilitate recombination by virtue
of their double-strand cleavage activity (Fig. 5.6; reviewed in Lambowitz and
Belfort, 1993; Belfort, 1990). This property can facilitate the entry of DNA,
including that of the endonuclease gene itself, into a genome. Whether dr not
the foreign DNA could be tolerated within a gene would depend upon an
innate splicing activity at either RNA or protein levels [the latter has been
recently demonstrated for endonucleases in several different systems (Kane et
al., 1¢ ); Davis et al.,, 1992; Hc ges et al., 1992)] or upon the fortuitous
colonization of a site that confers this ability. Introns of different kinds provide
such hospitable landing sites and, if invaded by endonuclease ORFs, can be
converted into mobile ¢ >ments (Belfort, 1990). Mobility of the composite
intron is then driven't the intron-encoded endonuclease, while the intron core
S[ cing structure ma tains ge : function in sebsequent transfer events
(Lambowitz and Belfort, 1993; Belfort, 1990; Bell-Pedersen et al., 1990). In
this situation, as with endonuclease genes tht are in  ted directly into protein
coding sequences and are spliced at the protein le' |, the er onuc :ase ORF
can be viewed as the primary mot e element, with all of the invasive,

prop: tive, and selfish properties of classical trnsposons.
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insertion site of an intronless arnS allele of Aeropvrum pernix OH2, these
result raised the possibility that I-Ape I might also promote intron mobility, as
was demonstrated for the Saccharomyces cerevisiae mitochondrial al4 & intronic

ORF.
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