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An amphioxus cDNA, AmphiS19, encoding the ribo-
somal protein S19 was isolated from the gut cDNA
library of Branchiostoma belcheri tsingtaunese. The
cDNA contains a 444 base pair (bp) open reading
frame, flanked by a 27bp 5 untranslated region and
a 138 bp 3’ untranslated region. The ORF encodes a
putative 147 amino acid protein with a calculated

*For correspondence. (e-mail: zscshab@public.qd.sd.cn)

CURRENT SCIENCE, VOL. 83, NO. 10, 25 NOVEMBER 2002

molecular mass of 16,222 Da. Alignment of the com-
plete amino acid sequences of 14 eukaryotic S19
revealed that AmphiS19 exhibited >71.0% similarity
to all known vertebrate homologues and <59.9% to
those of the other eukaryotes, including invertebrates.
The phylogenetic analysis based on the amino acids of
invertebrate and vertebrate S19 proteins showed that
the amphioxus protein was at the base of a clade of
vertebrate S19 proteins, indicating that amphioxus is
not only the sister group of extant vertebrates but also
the basal lineage of chordates.

RIBOSOMES are organelles that mediate the sequential
addition of amino acids to the carboxyl end of the grow-
ing polypeptide chain, according to the blueprints
encoded by the mRNA'. Each ribosome consists of two
subunits. The eukaryotic 80S ribosome is composed of a
large subunit—60S, and a small one—40S, while the
prokaryotic 70S ribosome has a large subunit— 508, and
a small one —30S. The large subunit contains three ribo-
somal RNAs (rRNAs), 5S, 5.8S and 28S, in eukaryotes,
but only two, 55 and 23S in prokaryotes. The small sub-
unit contains a single rRNA in both types of organism: an
18S rRNA in eukaryotes and a 16S rRNA in prokaryotes.
Both eukaryotic and prokaryotic small subunits comprise
several dozen ribosomal proteins. The proteins of the
small subunit are called S1, S2... and those of the large
subunit are called L1, L2...>°. The ribosomal proteins
have been largely identified and their sequences deter-
mined. Many ribosomal proteins have been shown to
bind specific regions of rRNA. Ribosomal proteins cata-
lyse ribosome assembly and stabilize rRNA tertiary
structure, adapting the structure of the ribosome for
optimal function®. The sequences of most eukaryotic ri-
bosomal proteins have counterparts in prokaryotic ribo-
somal proteins, suggesting that they might derive from
common ancestral nucleotide sequences present before
the divergence of eukaryotes and prokaryotes, and be
well-conserved throughout evolution*. However, it has
been recently shown that the possibility of the phyloge-
netic utility of the ribosomal proteins cannot be ruled
out”.

The eukaryotic S19, a core protein that is associated
with the 18S rRNA of the 40S small subunit generally
contains 143 to 156 amino acids®®. There are no known
counterparts in prokaryotes, mitochondria and chloro-
plast, and therefore this protein appears to be a recent
addition to the eukaryotic ribosomal protein repertoire’.
The genes encoding eukaryotic ribosomal protein S19
have been identified extensively in species, including
animals, plants, and fungi”®'®'?. Amphioxus, a cephalo-
chordate, is the closest living relative to the vertebrate,
and has been widely known as the most important animal
to study the origin and evolution of vertebrates'*. To
date, more than one hundred of genes have been cloned
and sequenced in amphioxus such as the Hox'®, Insulin-
like (ILP)'®, Cdx'?, and AmphiF-spondin'®. However, the
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Table 1. Representative members of the eukaryotic ribosomal protein S19 family
Protein Organism (abbreviation) Accession number  Amino acid Source
S19Hs Human, Homo sapiens (Hs) P39019 144% SWISS-PROT
S19Mm House mouse, Mus musculus (Mm) BC034506 145 GenBank
S19Rn Norway rat, Rattus norvegicus (Rn) P17074 144% SWISS-PROT
S19Ip Channel catfish, Ictalurus punctatus (Ip) AF402828 147 GenBank
S19Mg Atlantic hagfish, Myxine glutinosa (Mg) Q9YOH3 145 SWISS-PROT
S19Bb Amphioxus, Branchiostoma belcheri (Bb) AF491451 147 GenBank
S19Dm Fluit fly, Drosophila melanogaster (Dm) P39018 155% SWISS-PROT
S19Ma Softshell, Mya arenaria (Ma) Q94613 149 SWISS-PROT
S19Ce Nematode, Caenorhabditis elegans (Ce) 018650 146 SWISS-PROT
S19As Pig roundworm, Ascaris suum (As) P24494 148 SWISS-PROT
S19Sp-A  Fission yeast, Schizosaccharomyces pombe (Sp) P58234 144 SWISS-PROT
S19Sp-B  Fission yeast, S. pombe (Sp) P79016 143 SWISS-PROT
S19Eh Ameba, Entamoeba histolytica (Eh) 015631 148 SWISS-PROT
S190s Rice, Oryza sativa (Os) P40978 146 SWISS-PROT

*The initial methionine is removed.
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GCTCTTTCCTTGCCACCATTTTTCAAGATGCCTGGTGGTGTGACAGTTARAGACGTGAAC
1 ——— M P &G G ¥V T ¥V K D V W

61 CAGCAAGAGTTTGTCAAGGCCTTTGCTGCCTTCCTCAAAAAGTCAGGTAAACTGAAGCTG
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121 CCTGAATGGGTGGACCTGGTGAAGACCGCGCCCCACAAGGAACTGGCGCCCTACGACCCT
32 P EW V D L V KT A ?» H X E L A P Y D P

181 GACTGGTTTTACCTCAGAGCAGCATCCACAGCCAGACACTTGTACATGCGTIGGTGGGGTA
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241 GGCGTCGGTGCCATGTGTAAGATCTACGGCEGETCGCAAGCGCAGAGGTACCAAGCCAGCC
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301 AAGTITCCGCGTCTGCTCCAGGGEGCGTGTCCAGGACGETCCTACAGTCGCTGGAGGGAATL
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361 AAGATGGTTGAGAAGGACGCTGCAGGTGGCCGCAGGTTAACTTCCCAGGGCCAGAGGGAT
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421 CTGGACCGTATCGCCGGCCAGGTGGCAACCGCTATGAGGAAGGCCCAGTAATGTGGGAGG
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481 ARCACAGGAGAGTCATGTCATACAAATAACCTCTGETGGGARATARARCTGCCARGGETT
541 CCTCAAAAAAAAAAAAAAAAARAARAAAAARANAAAAAATTAARRAAARAAAAARAAAAR

601 AAAAAAAAR

Figure 1. Nucleotide and deduced amino acid sequence of AmphiS19
(accession number in GenBank: AF491451). The presumed transla-
tional start and terminal sites are underlined, and asterisk represents the
stop codon. The potential polyadenylation signal upstream with respect
to the poly(A) tail is boxed and the oligopyrimidine tract within the
5’UTR is double underlined. The basic amino acid cluster in AmphiS19
is marked by a heavy bar.

gene coding for the ribosomal protein S19 remains un-
known in this animal. In the present study, we report the
molecular cloning and phylogenetic analysis of the ribo-
somal protein S19 from amphioxus gut cDNA library.

Adult amphioxus B. belcheri tsingaunese were col-
lected from the sandy bottom of the sea near Shazikou,
Qingdao, China and starved for two days in sterilized
filtered seawater to empty all the food in the gut. The gut
was dissected out and frozen immediately in liquid nitro-
gen until use.

Total RNAs were isolated from the frozen guts with
TRIZOL Reagent (GIBCO-BRL, Gaithersburg, MD).
Complementary DNAs (cDNAs) were synthesized with
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Superscript II RNase H  Reverse Transcriptase (GIBCO-
BRL). The gut cDNA library was constructed with
SMART c¢DNA Library Construction Kit (CLONTECH,
Palo Alto, CA, USA), with the instructions slightly modi-
fied"?. Synthesized ¢cDNA was ligated into pcDNA3-sfil
vector which had been modified from pcDNA3 vector
(Invitrogen 1Inc.) in our lab, and transformed into
Escherichia coli DH5ct cells. A total of ~ 10° primary
clones were obtained for the library and 95% of the
clones were amplified.

c¢DNA clones were randomly selected for sequencing.
The insert length of each selected clone was examined by
polymerase chain reaction (PCR) with universal primers
T7 (5-TAATACGACTCACTATAGGGA-3) and SP6
(5"-ATTTAGGTGACACTATAGAA-3") prior to plasmid
DNA preparation. Both strands of all selected clones
were sequenced with ABI PRISM 377XL DNA Seque-
ncer and all sequences were then analysed for coding
probability with the DNATools programzo.

The nucleotide sequence was obtained from the clone
027 selected randomly. The initial BLAST search revea-
led that it was homologous to the genes coding for the
ribosomal protein S19 from human and rat, and thus
designed AmphiS19. Figure 1 shows the nucleotide and
deduced amino acid sequence of the AmphiS19 cDNA
(accession number in GenBank: AF491451). The cDNA
consisted of 609 bp, which contained a 27 bp 5" untrans-
lated region (UTR), a 138 bp 3 UTR and an open read-
ing frame of 444 bp. The 5” UTR had an oligopyrimidine
tract, which has been reported to be present at the 5" end
of many eukaryotic ribosomal protein mRNAs and may
play a role in the regulation of their translation®' >,
There was a polyadenylation signal AATAAA in the 3’
UTR, which is required for post-translational cleavage-
polyadenylation of the 3" end of the pre-mRNA24.

The open reading frame encoded a putative 147 amino
acid protein with calculated molecular mass of
16,222 Da. It is a basic protein with an isoelectric point

CURRENT SCIENCE, VOL. 83, NO. 10, 25 NOVEMBER 2002
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Figure 2. Alignment of amino acid sequences of S19 from animals, plants and fungi by
CLUSTAL method in DNAstar. Shaded (with solid black) residues are the amino acids that
match the consensus. Gaps introduced into sequences to optimize alignments are represented by
(—)- See Table 1 for sequence reference.

(pI) of 10.44, a common feature of many ribosomal pro-  AmphiS19 are clustered together, and other basic and
teins®®. The basic and acidic amino acids were usually  acidic amino acids are evenly distributed.
clustered together in ribosomal protein326; however, only Fourteen full-length amino acid sequences of S19 from

four basic residues between positions 83 and 86 in  animals, plants and fungi were aligned using CLUSTAL

CURRENT SCIENCE, VOL. 83, NO. 10, 25 NOVEMBER 2002 1251
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Percent Similarity

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 - 993 99.3 854 764 743 618 604 486 493 424 528 531 542 1 S19Hs
2 0.7 - 100.0 848 772 738 614 600 483 490 421 542 545 545 2 S19Mm
3 07 0.0 - 854 771 743 618 §0.4 486 49.3 424 535 538 549 3 S19Rn
4 154 153 154 - 766 728 585 5-85 473 483 395 535 538 514 4 S19lp
5 286 274 276 262 - 71.0 572 566 448 476 428 542 545 517 5 S18Mg
§ 6 304 302 304 310 347 - 565 599 500 49.7 415 563 566 5438 6 5198b
&"’ 7 54.0 540 540 571 622 63.0 - 57.0 50.0 493 331 472 476 452 7 S19Dm
% 8 511 506 511 528 572 482 650 - 50.7 514 392 521 524 548 8 S19Ma
g 9 700 692 700 727 780 685 676 593 - 616 37.7 458 462 411 9 519Ce
§ 10 744 736 744 754 771 727 745 626 481 - 426 458 462 411 10 S19As
11 941 929 941 996 898 929 1275 953 1009 91.7 - 43.8 441 438 11 S19Eh
12 717 692 700 685 685 628 837 69.1 762 827 877 - 97.2 500 12 S19Sp-A
13 717 692 700 685 685 628 847 682 752 817 867 21 - 503 13 S19Sp-B
14 649 626 633 709 708 619 877 644 847 929 857 735 725 - 14 S190s
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Figure 3. Tables of sequence similarity and divergence calculated with the CLUSTAL method in the DNAstar. See

Table 1 for sequence reference.

S19Rn
S19Mm
10 S19Hs
S18lp
S19Mg
| 1 $198b

I % S19Ma

S19As
S19Ce

519Dm

S19Eh

Figure 4. Phylogenetic tree constructed from the amino acid se-
quences of the animal S19 by neighbour-joining. Branch length repre-
sents the evolutional distance. The position of AmphiS19 is just
intermediate between the vertebrate S19 and invertebrate S19, support-
ing the fact that amphioxus is an organism transitional from inverte-
brate to vertebrate. See Table 1 for sequence reference.

method in the software package DNAstar””?®. The acces-
sion numbers for these sequences are listed in Table 1.
The alignment confirms that these proteins are highly
conserved throughout the evolution of chordates, yet they
are relatively divergent among eukaryotes (Figure 2).
The tables of sequence similarity and divergence were
also calculated with the CLUSTAL method (Figure 3). It
showed that at the amino acid level, AmphiS19 exhibited
>71.0% similarity to known vertebrate homologues and
<59.9% to those of the other eukaryotes, including
invertebrates. Apparently, AmphiS19 is more closely
related to the vertebrate S19 rather than those in inverte-
brates.

The phylogenetic tree constructed from the complete
amino acid sequences of AmphiS19 and the other ten
animal S19s by neighbour-joining in DNAstar program
demonstrated that the relationship among different spe-
cies well reflected the established phylogeny of the cho-
sen organisms (Figure 4). The position of AmphiS19 was
intermediate between the vertebrate S19 and the inverte-
brate S19. This is in line with the notion that amphioxus
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is an organism transitional from invertebrate to verte-
brate. Within the chordate clade, the AmphiS19 branched
out first, forming an outgroup of the vertebrate S19. In
addition, no particular S19 proteins in vertebrates showed
consistently higher sequence similarity to AmphiS19 at
the amino acid level. These data suggest that the
AmphiS19 gene possibly represents the archetype of the
vertebrate S19 genes.
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The Ganga river originates and flows through the
Himalayas and then over the plains carrying enor-
mous amount of sediment to the world’s oceans. The
suspended sediments from selected locations in the
entire river basin are analysed for osmium isotopic
composition and reported in this study. The sediments
are characterized by high Re/Os ratios and are
extremely radiogenic as evident from their ¥70s/'880s
isotopic ratios. Samples from the tributaries Alak-
nanda, Bhagirathi, Gandak and Ghaghra show pro-
nounced '*’0s/'**0s. The integrated effect is seen at
Farakka, the farthest downstream location of the
Ganga in the present study. High Os concentrations
combined with sediment flux makes the Ganga an
important source for soluble Os isotopic evolution in
the oceans.

INTEREST in rhenium—osmium (Re-Os) systematics in
rivers has risen sharply in recent years due to the revela-
tion of changes associated with sea water Os isotopic
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compositions during the past 70 Ma. Radiogenic %705 is
produced from the B-decay of '®’Re with a half-life of
42x 10" years. Osmium isotopic composition in sea
water is derived from the weathering of basaltic and peri-
dotitic oceanic crust, hydrothermal solutions, additions
from cosmic dust and continental weathering products.
The '*70s/'**0s ratios of submarine weathering and cos-
mic inputs are nearly identical (~0.13) and about ten
times lower than that of average continental matter
(~1.26). Because of the large isotopic variations between
these different sources, Os isotopes in the oceans convey
the then prevalent continental weathering processes. The
osmium isotopic composition of the present-day sea
water is markedly higher since the past 70 Ma', similar to
the ®’Sr/*Sr ratios in sea water. This enhancement in
radiogenic Os in sea water is largely attributed to the
Himalayan tectonics with its accompanying increased
silicate weathering and in particular, chemical weathering
of the extremely radiogenic black shales in the lesser
Himalayan region2’3. Because of its low concentration
and high ionization potential (8.7 eV), Re-Os isotopic
measurements are carried out by Negative Thermal Ioni-
zation Mass Spectrometry (NTIMS)4.

It is estimated that annually about 1.6 x 10'¢ g of
sediment are transported to the oceans by rivers, approxi-
mately 10% of which is contributed by the Ganga-—
Brahmaputra river systems. The drainage basin of the
Ganga occupies an area of 1.06Xx 10° km?; while more
than 60% of water flowing into the Ganga comes from
the Himalayan source, 40% is contributed from the pen-
insular region6. Briefly, lithology of the basin comprises7
Kumaun Himalayas consisting of Siwalik sediments
composed of coarse sandstone, clays and conglomerates,
the central-lower Himalayas of Krol formation consisting
of dolomitic limestones, shales, quartzites, granites and
gneisses, and the lower reaches of the basin characterized
by alluvial plains which consist of massive beds of clay,
sand and gravel with extensive calcareous concretions
and saline/alkaline soils. The suspended sediments in the
river are mostly medium-to-coarse silt (mean size <4.5
to 5.75 ¢ and are poorly sorted. The clay minerals abun-
dant in the sediments are mica followed by kaolinite in
the upstream and mica followed by smectite in the down-
stream region7. Sedimentological and Sr isotopic data
along with clay mineral composition of ODP Leg 116
and DSDP Leg 22 indicate the dominance of Ganga river
sediments in the Bay of Bengalg.

Suspended sediments from ten locations shown in Fig-
ure 1, covering the mainstream of the Ganga and all ma-
jor tributaries were collected from 5 to 10 litres of water
samples using sartorius 0.2 um cellulose acetate filters
and tangential filtration. Suspended sediments were then
separated by centrifugation and desiccation at 80°C to
remove the remaining water from the sediments. Re—Os
isotopic measurement in sediments was carried out fol-
lowing the chemical procedures described by Birck et al’
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