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ABSTRACT Recent identification of a C3-like gene in sea
urchins revealed the presence of a complement system in
invertebrates. To elucidate further the components and func-
tion of the pre-vertebrate complement system, we attempted to
isolate an ascidian (urochordata) C3 convertase. After iden-
tification of C3 cDNA from Halocynthia roretzi, a Japanese
ascidian, reverse transcriptase—PCR amplification of hepa-
topancreas RNA was performed using primers encoding
highly conserved amino acid sequences of the vertebrate Bf
and C2 serine protease domain. Two candidate sequences were
identified, and the corresponding cDNA clones were isolated
from a hepatopancreas library. Surprisingly, neither clone is
related to Bf/C2 but rather share the same domain structure
of mammalian Clr/C1s/MASP (mannan binding protein-
associated serine protease), and are more related evolution-
arily to mammalian MASP than to mammalian Clr or Cls.
The identification of the tunicate MASP clones, amplified with
primers designed to amplify Bf or C2, suggests that the lectin
pathway antedated the classical and alternative pathways of
complement activation.

The mammalian complement system plays a pivotal role in
host defense against infection and is organized in two activa-
tion pathways, designated classical and alternative, and in the
lytic pathway of membrane attack (1). The key event in the
system is proteolytic activation of the central component C3
into C3b, which covalently tags microorganisms to be cleared
from circulation or tissues. The C3 convertases of the classical
and alternative pathways are composed of C2 and C4, Bf and
C3, respectively. Gene duplications are believed to be respon-
sible for generation of these two activation pathways, because
C2 and Bf as well as C4 and C3 are homologous proteins.

Evolutionary studies have revealed the presence of the
complement system in all major classes of vertebrates (2). The
complement system of the lamprey, a representative of the
most primitive class of extant vertebrates, appears to consist
only of the alternative pathway, and functions as an opsonic
system (3). In contrast, all gnathostomes have well developed
complement systems with both the alternative and classical
activation pathways and the lytic pathway (2). Recently, a
c¢DNA clone with significant sequence identity to vertebrate
C3, C4, and C5 has been identified in the sea urchin, a marine
invertebrate (4), placing the phylogenetic origin of the com-
plement system in the invertebrate line.
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The recent finding that mannan (or mannose) binding
protein (MBP) and MBP-associated serine protease (MASP,
also called P100) can activate the complement system in an
antibody-independent fashion (5-7) revealed the existence of
a third activation mechanism of the mammalian complement
system, designated the lectin pathway (8). In this pathway, the
C-type lectin domain of MBP recognizes mannose or N-
acetylglucosamine structures on the surfaces of pathogens,
leading to the activation of MASP, which is present as a
proenzyme complexed with MBP. The activated MASP then
activates the classical pathway by proteolytically cleaving C4
and C2. MBP and MASP show structural similarity to C1q and
Clr/Cls, respectively, indicating that gene duplication events
were also responsible for generating the classical and lectin
pathways. Although the details of the mammalian lectin
pathway are not well known, demonstration of a lectin-based
recognition system suggests an ancient origin for this pathway.
Supporting this idea, MBP has been isolated from chicken
serum (9) and MASP cDNA clones have been identified from
Xenopus, carp, and lamprey (Yuichi Endo, personal commu-
nication). However, neither MBP nor MASP has been iden-
tified in invertebrates.

Tunicates occupy a pivotal intermediary position between
invertebrates and vertebrates. After isolation of C3 cDNA
from the Japanese ascidian, Halocynthia roretzi (unpublished
observation), we attempted to isolate cDNA encoding the
C3-activating enzyme, Bf, or C2. Characterization of candidate
clones, however, indicated that they were not Bf or C2 but
rather MASP. Identification of MASP in tunicates suggests
that the lectin pathway was the original mechanism for acti-
vation of the complement system.

MATERIALS AND METHODS

Materials. Solitary ascidians, Halocynthia roretzi, were har-
vested in Mutsu Bay, Japan. The hepatopancreas was removed
from dissected ascidians immediately before use. Hemocytes
were obtained as described previously (10) by centrifugation
from hemolymph collected by cutting the tunic matrix without
injuring the internal organs. Restriction enzymes were pur-
chased from Toyobo (Osaka) and New England Biolabs. The
ligation kit was from Takara Shuzo (Kyoto). [a->?P]dCTP, the
Rediprime Random Primer Labeling kit, and cDNA Synthesis
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Systems Plus were from Amersham Japan (Tokyo). A Zap II
and Gigapack Gold were from Stratagene. DNA Sequencing
System 373A Analysis Software version 1.01 and the Prism Dye
Terminator Cycle Sequencing kit were from Applied Biosys-
tems Japan. The EcoRI adapter was from Promega. The TA
cloning kit was from Invitrogen.

RNA Extraction and cDNA Library Construction. RNA was
isolated from hepatopancreas and hemocytes using guanidine
thiocyanate (11), and poly(A)" RNA was selected on an oli-
go(dT)-cellulose column (12). Construction of an ascidian hepa-
topancreas cDNA library was carried out as described previously
(13), and approximately 3 X 10° plaques were screened.

Reverse Transcriptase—-PCR (RT-PCR) Amplification of
Candidate mRNA Segments for Ascidian Bf/C2. Degenerate
PCR primers were the same as those used for the amplification
of lamprey (14) and Xenopus Bf (13) (Fig. 1). PCR template
was double-stranded cDNA synthesized from ascidian hepa-
topancreas and hemocyte mRNA using cDNA Synthesis Sys-
tems Plus. Thirty cycles of amplification were carried out in an
Astec PC700 thermocycler (Fukuoka, Japan) using the fol-
lowing parameters: 94°C for 0.5 min, 50°C for 1 min, and 72°C
for 1 min (15). PCR products of the expected size (250 bp) were
gel-purified and ligated into the pCRII vector (Invitrogen).

Nucleotide Sequence Analysis. DNA sequence analysis was
performed by the dideoxy chain termination method (16) using
an Applied Biosystems 373A DNA sequencer. Sequencing
primers were synthesized to extend sequence readings using an
Applied Biosystems 381A DNA synthesizer. Each sequence
was determined at least twice from both strands.

Northern Blotting Analysis. Total RNA from ascidian hepa-
topancreas and hemocytes was denatured by glyoxal, separated
on a 1% agarose gel, and blotted onto a nylon membrane
(Hybond-N, Amersham) (17). Hybridization with radiolabeled
probes prepared using the Rediprime kit (Amersham) was
performed in 10X Denhardt’s solution/1 M sodium chlo-
ride/50 mM Tris/10 mM EDTA/0.1% SDS/0.1 mg/ml dena-
tured salmon sperm DNA at 65°C for 16—20 hr. Membranes
were washed twice for 30 min at 65°C in 0.1X standard saline
citrate and 0.1% SDS.

RESULTS AND DISCUSSION

RT-PCR Amplification of Bf/C2-like mRNA. RT-PCR am-
plification of the ascidian hepatopancreas and hemocyte
mRNA using primers corresponding to the two highly con-
served amino acid sequences in the serine protease domain of
Bf and C2 resulted in a single DNA band of the expected size
(about 250 bp). The DNA was gel-purified and subcloned into
the plasmid using the TA cloning kit. Twenty hepatopancreas

5' primer

5' AGGAATTCCTNACNGCNGCNCAYTGYTT 3'

7=
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clones and 16 hemocyte clones were randomly selected, and
nucleotide sequences of the inserts were determined. Candi-
dates for Bf/C2 were initially screened for three amino acid
residues that are completely conserved in all Bf/C2 sequences
analyzed to date (indicated by * in Fig. 1). Two different
Bf/C2-like sequences, referred to as Hrl and Hr2, were
identified among other serine protease sequences. Hrl pos-
sessed all three diagnostic residues and was represented in one
hepatopancreas clone and two hemocyte clones. Hr2 possessed
two of the diagnostic residues and was represented in six
hepatopancreas clones. Amino acid identities of Hrl and Hr2
to the corresponding region of human Bf were 16% and 14%,
respectively, and identity between Hrl and Hr2 was 13%.

Identification of the Two Ascidian Sequences as MASP.
Using Hrl and Hr2 as probes, the ascidian hepatopancreas
cDNA library containing 3 X 10° independent clones was
screened, and eight Hrl- and 14 Hr2-hybridizing clones were
isolated. Clones from each group were shown to have the same
restriction enzyme maps. The clones with the longest insert in
each group, 2,572 bp for Hrl and 2,526 bp for Hr2, were
sequenced in their entirety. As will be discussed below, these
clones seemed to encode common ancestral molecules of
mammalian MASP and Clr/Cls, which presumably showed a
closer similarity to mammalian MASP than to mammalian
Clr/Cls, and were designated AsMASPa and AsMASPb.
AsMASPa contained a 2,572-bp-long insert including a 17-bp
poly(A)* tail (Fig. 2). A 182-bp 5’ untranslated region is
followed by a 2,241-bp OREF, including a stop codon and a
132-bp 3’ untranslated region. ASMASPD contained a 2,526-
bp-long insert with a 101-bp 5’ untranslated region followed by
a 2,259-bp OREF, including a stop codon and a 147-bp 3’
untranslated region.

A homology search of the deduced amino acid sequences of
AsMASPa and AsMASPbD indicated that these sequences show
a close structural similarity to mammalian Clr/C1s/MASP.
Therefore, a multiple alignment of these sequences with
human Clr (18), human Cls (19), golden hamster Cls (20),
human MASP (8), mouse MASP (21), and recently identified
human MASP2 (22) was performed using Clustal W software
(23). The AsMASPa and AsMASPb amino acid sequences
show a significant similarity to the mammalian Clr, Cls, and
MASP sequences throughout their entire length (Fig. 3). Thus,
the domain structure characteristic of mammalian Clr/Cls/
MASP, which stretches from the N terminus, CUB, EGF,
CUB, CCP, CCP, and serine protease domains (8, 21, 24), is
found in the two ascidian sequences. The calculated amino acid
identities for AsMASPa based on the above alignment are 44%
with AsSMASPb, 27% with human MASP, 28% with mouse
MASP, 28% with human MASP2, 27% with human Clr, 26%

3' primer

3' GGNTANACRGANGGNACRTGCTTAAGGA 5'

TN

HuBf LTAAHCFTVDDKE------ HSIKVSVGGEK----RDLEIEVVLFHPNYNINGKKEAGIPEFYDYDVALTIKLKNKLKYGQTIRPICLPCT
HuC2 LTAAHCFRDGNDH------ SLWRVNVGDPKSQWGKELLIEKAVISPGFDVFAKKNQGILEFYGDDIALLKLAQKVKMSTHARPICLPCT
Hrl FELRNP------- SDITAWFGVDDRSINDNIVQKRDILEINTHQDYVNKRHTTPF ~DSDIAVLKLDSPVTLTPVVR
Hr2 LYNTEYEGNVRYPNATHAWLGVHNRLEDRNIAKSQVINAKVESIVLHPQYFKESPWDFDFGLIRVSEEIKMSNKTR

* * *

FiG. 1. RT-PCR amplification of the Bf/C2-like serine protease domain from Halocynthia roretzi. RT-PCR primers were prepared using the
amino acid sequences in the serine protease domain, which are highly conserved among all Bf and C2 analyzed to date. Two different clones were
isolated and designated Hr1 and Hr2. The deduced amino acid sequences of these clones were aligned with the corresponding regions of human
Bf (HuBf) and C2 (HuC2). The three diagnostic residues that are completely conserved among all Bf and C2 are indicated by *. The first residue
of Hrl is shown here as F; however, the amino acid at this position deduced from a full-length cDNA clone was V. This discrepancy was due to
the fact that the first two nucleotides encoding this amino acid of the RT-PCR product had originated from the 5’ primer, and the template sequence

contained a mismatch at the first nucleotide (see text).
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A)AsMASPa

AGTTTGCAACCATGCAAAG CTA’I'I‘AGATT’I‘I‘GGT’I'I‘AATAA’I'T‘TTCTAAAAACGAATGATAAG{%GTATGAAGAAAA}\G TTAGGGTATTCAATGCTAGCAAACTAGAACGTGACAGTATTA
+

TACAACATACTATACATACTGCAATATTATACAAATTTGAAAAGACAAGTTCGCAAAATATAATGAGATTCTTGTATGGAACAGCTAT TG TTCTCCTGTACTGTAACAGTGTCTTCAGTG 58
M R F L Y G TATIVLULYTCNSVF S A 20
CGGAACTTCTTACTGCCCACTTTGGARATTTTTCATCCCCAAACTATCCTCGATCTTACCCTGACAACTCAAATCTGACATGGAACATTCGTGTACAACATGGTTACCGCATGAGCATCC 178
EL L T AHT FGNV F- S S PNYPURS Y PDNSNILTWNTIWIRVYVQHUGY YU RMMS IR 60
GATTTTCGACAT TTGAT TTGGAGGAT TCTTATGAAGATGGGATTGG TTCTTGTGTTTATGATTATG TTGAGA! ['TACCGAAAGTAACAAAAC’TGTC’GCAAAATI‘TTGTGGCAATTATCAAT 298
F S T F DL ED S Y EDGI G S CVY DYV ETITESNI KTV VAI KT FT CGNY 100
TATTTCCAACTGATGCACCAAATCCGAGCAAATTCATCTACACAAGTCARAATGAAGTGAGGG TTACATTTGTGTC TGACTATTCCATCAGTCTGTCTGGGTTTCAAGCTCAC ’I‘A’IGCCC 418
F P T DA PDNUP S KF I ¥ TS QNEVRVYV TFV SDY S I SL S GVF QA HYAOQQ 140
AAATTGATATCAATGAGTGCGAACTCATGGAAACCAAAAAGAGAACGATAATTGAAGATTGGGATGAACTTGT TGTCTGCAGTCATTATTGCCGCAACGTTCCTGGCAGCTAT TATTGTG 538
I p I NECEILMETI K KR RTTITIEUDWDETLUVV CSHYCRIDNUVUZPGS Y Y C G 180
GTTGCAGGCCTAAATTCACATTAGATGCTAACAGACATACGTGTGTGGCCTCGTTTTGCGAGAATCAAGTGTTGACCGATGACAATAGCGGACATATC TCCAGCCCAGAATATCCTGAGC 658
C R P K F TLDANUZRHKKTOCVAS FCENOGQVL TDUDNSGHTIS S PEYPEL 220
TGTATGCCAAACTTACTGATTGCTCTTGGACAATACAGCTAAGAGAAGGTTTGAGTGTGAATT TGATT TTTGAAAGAGCCTTCGGCATTGAAGAACATGAGGAAGAAGGCTGTACATATG 778
Y A KL Tpbc¢ s wTIQLRESGILSVNLTITFERAFGTIUEZEHTETETETGT CTTY YD 260
ACCGGTTGGAGGTATTACACAAAAGCACCACTGATATATAT TGTGGAAACCAAGCACCTGGGAATGGCACTGTCATGCCAATGAATACAAACT TGGTCCAACTTAAAT TTCACACAGATC 898
R L EVLHIKSTTDTIVYOCGNAOQAPGNSGTVMUPMNTNULUVQL K F HTDL 300
TTTCCGTTGAGAAAAAGGGTTTCAGTGTTCGGTACACTTCGACCAGAATCAAATGTTTACATGCTTTGCACGATCCAAGAAACGGC TCTCTGTCTTTCAGTCACTCAAGAAGTTATCATG 1018
S VvV EK K G F $§$ VRY TS TRTII KU CLUHALUHTDU PR RNDNG ST LS F S H SR S Y H E 340
AATTCGAAGATGTCGCAACCTTCTCATGTGACCGTGGGT TTGATATTATCGGAGTCCCGCGATTGAAATGTCTGAGTGATGGTTCATGGAGTCACTCTGCTCCGATCTGTCAAAT TAAAT 1138
F EDVATVPF 8 CDURGVF DI I GV P RULI KU CL SDG S WS H S AUPTITCUG QTIIK S 380
CTTGTGGAGTTCCTCAATTCCTATTGGACTTGCCAAACAGCCACATAGTCGAATATGAAAACAGTAAAACAACTTATTCGGAAGTACTTGATGTGACATGCAACCAATGGTATGGAATGA 1258
¢ 6V P Q F L L DL PNSHIV EYENSZSI KTTYSEVULDUVYVTU CNOQWYG M I 420
TTTCTGGAGCTTCAAAGTGGATTTGTGAGAACAGTAAAATT TGGACAGAACATCGCGETCTGGTGGCCATCAACAACT TTAACAATAAACCTG TTTGCAAACCAATTTGCGGGAAGAAGC 1378
S G A S KW I CENSIKTIWTEI BHBSGS GTILVATINNUTFNNI KU®PUVCI KU PTITZCGCGI KI KL 460
TCTACAACGATCCTGCGGATTGGATCGAATCTCAAGCTTCAGGAGGTAAGATAATCAAAAGGAGAGGAGAATGGCCGTGGATGACGCTTG TTGACCTGGGTGATAATGAAGCAAAGGGCA 1498
Y N D PADWIE S Q@ A S GG K ITII KU RIRGEW?PWMTULVDIULGUDNE ALK G K 500
AGTATGGCATTAGTGGG CTGAA'IGGTACGAATTACTGTGGAGGA‘ICG’I‘TGG’I‘TGATGAAAACATAG'I'I‘A’I‘AACAGCGGCCCAC'IGCGTCGAAT'IGCGTAATCC TAGTGATATAACGGCTT 1618
Y G I s G N 6T NY C G G SL VDENTIUVTITA AAHTZCVYVYETLU RNZPSUDTITA AW 540
GGTTTGGTG! ’I‘GGA’I‘GA'I‘CG CAGCATAAATGATAACATAGTTCAGAAACG‘IGACA’I'I‘CTGGAAATAAACA’ICCATCAGGA’ITACGAGAATAAGAGGCATACAACAC CGTTTGATTCTGACA 1738
F G Vv D D R S§ I D NI V Q KRDIULETINTIHU QDY YENI KR RHTTU®PTFD S DI 580
‘I'I‘GCAGTC'I"ICAAGC'I'I‘GATAGCC CGG’I‘GACGCTGACTCCAGTCGTGCGAC CTATATG’I‘CTTCCCT’I‘AACGGAAAC'IGAGAAACAACTGC CACAGAAATCACAAAATCCACAACATAACG 1858
L K L D § T P R P L P L TETEI KA QULUPOQI K S QNP Q HN V 620
TCAATAC CI‘GGTACAAAGGAGTTG‘ICACCGGC‘IGGGGGAAAACAGAAGTGGGAACC TTGTCTAACCATTTACTTAAAGTCAGGCTGCCCTTTGTGAGCAACGAAGTTTGCCAAACCGGTT 1978
N T WY K GV VT GWOGKTEVGGTULSNUHTLZLI KV RILUPFV SNZEUVCQTG Y 660
ATGACGAATTGTATGAACATATAACAATCACAGAGAATATGATTTGTGCAGGCTATCCAGGAGGACACAGAGACGCTTGTAAAGGTGATTCGGGAGGACCTTTAATGTTCCCTGACCGAA 2098
D EL Y EH I TTITENMMTIT CASGY?PGGHU RDA AT CI KGDSGGUPILMTFPDR R I 700
TTACCAATACCTGGTTCCTCAATGGCATTGTGTC TTTTGGAGATTC TAGCGACCGTGAARACT TCTGTGGC CAGGCAAGGACTTATGGCGCTTATACCAATGT TGGAAAGTTCATTGACT 2218
T N T W F L NG I VS F GD S S DU RENVFCGQARTYGAY TNV G K F I DW 740
GGATATCTTCATTCCTGGATTGAATGACCCGCTTTGTTTTGATTCATAT TTCTTGCAACTCATGAGTAAATATCAATTCAAAACGATTAAATCATTTATGTATAAATGATARAAATAARA 2338
I §$ s F L D * 746
AAATATAATTAGTGCAATAAAAAAATATAATTAGTAAAAAAAAAAAAAAAAA 2390
B) AsMASPb
+1
GTAAGAATATAAGAAAAAAGGTAAGCGTAGCAAAATCAATTTTCTAACTTTCTTCAAGGTCTC TATGC TTAACAAGTTGCTAGACTGCTGAAGAGTCAACTATGC TTTGCATCACAAGGA 19
ML C I T R M 7
TGATTCTTAGCATAGCGCTTTCCCTGGTGCTGCTATACATTCATAATATTGAAGCTGCTCCATCAGTTAAAAATTTAACTGGATCTTTTGGTTCCTTTTCGACTCCAAATTTTCCTGCCG 139
I L s I AL $9L VL LY IHNTIEA AAPS SV KNULTS GSV F G S F S TUPNTF P AV 47
TATACGAGGACAACTTGGATCTTGAATGGGATATTAAAGTGCGTGCTGGTTATCAAATAAAAATACAGTTTACGACATTTGACCTGGAAGACTCATATGAACCCCTTGAAGGCGCTTGCA 259
Y E D NLDULEWT DTII KV VRAGY Y QI KTIOQTFTTT FUDIULEU DS SYEU?PULEGA AT CTI 87
TTTACGACTATG TCAAGATCATCGAAGGCAACAAAAC’I‘TTAGCAAAA’I‘TTTGTGGGAACAACAACTAC GACGCCCCACATGATAAC CAA'I‘GGATAACCACGCAAAG’I’GATGAGGCAAAGG 379
Y D Y V K E G N X T LA K F CGNIDNNDNYDAZPHDNQ I T T Q S D E A K V 127
TTATATTTG ’I‘GTCTGATTACTCAAATGAATATATAACAC CAAAAGGATI‘CCAAGCACAT'I‘ATATCGAGTCTGACATAAACGAA’IGTGAAAGGA'IGAAATI‘AGAACAAGATTCAAC’I‘AGAG 499
I F v s byYy §$ NEYTITUPIXKGTFOQAHYTIUEZSUDTINUETCEU RMMIE KT LEZ QDS TR E 167
AAGGCTGGGATGAATTAGTTTTCTGCAACCATTACTGCCACAACGTACCGGGTAGTTATTACTGCAGC TGCAGAATTGGGTTCACATTGCATGCCAACAAGCATACATGT TATGC TTCAT 619
G WDEULV F CNHYCHNVZPSGSYYCSCRTIG FTTIL3HXANIZ KUHTTCYASF 207
TCTGTGAAAATCAAATC ATCACCAACGAGACAGGAGGAGTGATTACCAGTCCAGAATATCCTCAACCATACGCGAAACTGTCAGAC TGTTCATGGATCATCAGGTTTAGAGTTGGCATGA 739
¢C ENQ I I T NZETGG V I TS P EY P QP Y A KUL S DCSWTITIU®RTF FI RV GMS 247
GCGTGAACCTGATATTTGATAACCAATTTGATATAGAAGAACACTTTGAGGAAAGGTG! TGC'I"TA‘IGACTGGCTGAAGATATCGAG‘I‘GGAGGAACAGTAAATGA’I‘I‘ATTGCGGAAAATCAG 859
V NL I F DNOQF DTIEZEHT FEEURTCAYDWT LI KTISSGGTVNDYC G K 287
CGCCCGGGAATGGTCTGCTCATGCCGATGAATGATAGAGAAGTCAAATTAGAACTACATACAGATC TGTCCGTCGAGAAAACTGGATTCAGTG TTCGC! TACAG’IGCAAACAGAATCCG‘IT 979
P 66 NGL L M PMNUDI REV VI KT LETILUHTU DU LSV EIZ KTU GV F SV RY S A NIZRTITR RC 327
GTTTACAAATGATAAAAAACCCAGAGAACGGACAGGTTACATTCAATCATGACAGAAGCTATC A’IGAA’I"I‘CGAAGACA‘I‘IGCCACA’IT‘I‘TCGTGTG’I‘C CGGGGATACAAACTGAGTGGGA 1099
L Q M I KNPENUGIQV T FNHUD RS Y HE F E A T S C VR G Y K L 8§ G N 367
ATAC CCAAT’I‘AC ATTGTCAGAATGATGGAACATGGAATCATCTAGTTCCAACT TGCCAAATAAAGTCTTGCGGAGTAC CAACCAAACTTCAAGCTG‘I‘TCC TAATAGTCATATAGAAGACT 1219
Cc N D G TWNHULV P TCOQTII KSCGVPTI XL QAV PNSHTIETDY 407
ATGATCTGTCCAAAACTACCTA’I'I‘TAGAGAT’I‘I"I‘AAC’I‘G’IGAAA’IG TAATGAATGGTACGAAATGACTTCTGGGTATTCGCAATGGATATGTCAAGACAGCAAGCAATGGGAGAAACATG 1339
s T ¥ L E I L T K ¢C N EW Y EMTS G Y S Q WIOCEUDSI KOQWEIKHG 447
GAGG CAG'IGTGC CTGGTAC CATTA‘ITGATATCCCAGTTTGCAAACCAATATGTGGAATAAAAGGAGCCGAAGACAATC CACTACTGGCCCAACAAATATCTGATGGAGACCCAGTTAAAA 1459
G s vpP GTTITIDTIPV CKUPTIUGCSGTIU KU GA AEIDNU PULTILA AU QI QTISUDGTDU?PV KK 487
AACATGAATGGCCCTGGTTAACCTTGTTAAACTTCGGATCGGAACCAAACATTGTATCACAAGTGATATGCGGAGGAAGCATTATAAGTCCACACTACATTCTAACTGCCGCACATTGTC 1579
H E W P WL TLILDNV FG S EPNTIV S QVICGSGS I I SPHYTIUL TAA AHTCL 527
TATATAACACTGAATATGAAGGCAATGTCAGATATCCAAATGCAACTCATGCTTGGCTAGGAGTACACAATCGATTGGAGGATCGCAATATTGCTAAGAGTCAAGTCATCAATGCTAAAG 1699
Y N T E Y E G NV RY PN ATHA AWI LGV HNZRILEDU RNTIA AIZKSGQ@UVINA ATIKYV 567
TCGAAAGCATCGTCTTGCATCCTCAATATTTCAAGGAAAGCCCCTGGGATTTCGACTTCGGTTTGATCCGAGTGAGTGAAGAAATCAAAATGAGTAACAAAACTCGACCGGTTTGTCTTC 1819
E $§$ ¥ VL HP Q Y F K E S PWDF¥F DF GL I RV S EETII KMSNIZ KTU RUPUVCTL P 607
CCCAAACTCCAAATGAATTTGACATGGTGGATGATGGTGCTGAAGGGGAAGTAGCAGGATCGGGGC TCTATACCACGGTCAGTGGATCATCATACAAACT TTATCAAGCACAGTTCCCTA 1939
Q T P N EF DMV DDGAEGEVAGWOGILYTTV S G S S Y KL Y QAQTF P I 647
TCGTGTCAACCCAGAGATGTGAAGATGCTTTCATAGAATTGAGTCGACAGTTGAACAAGACTT TAAACAAGGGACTGAGAATAACAGAAAGAATG TTT TG TGCGGGATTTGAAGCTGGCG 2059
vV s T Q R CEDAVF I EL S RQLNIKTULNI KT GTI LU RTITEUZRMT FTCAGT FEA ASGTD 687
ATAGCCACACAACATGTGAAGGTGATTCTGGCTCACCGTTGGTTATGAAAAACACAGGTACAGAAAAGTACTACGTGATGGGAATGGTCTCCTACGCAGCCGCAGACACATGTGGCAAGA 2179
S HTTT CEGDSG S PLV M KNTGTEI K YYVMGMVY S Y A AADTTCGK S 727
GTAAAAGTTATACAGTTTACGCAAAATTAACGCAAACAGTCGTTGAATGGATCATGGAARAAACTAACAATCTGGAATGAATTGTTCCATATAGTACTAAATTAAATGTGGGCTTGAAAA 2299
K S Y T VY A XL TQ TV VYV EWTIMMETZ KTNNTILE * 752
TTCCAGTCACCACATTTACTATTCAGTGCAAATCCAATCGTGTCATTTCAACCATTTTAATTACTTCC TTGTATAATACGCAAGAAATARAGAAACATAATAAGT TTAARAAAAAAAAAA 2419
AAAAAR 2425

F16.2. Nucleotide and deduced amino acid sequences of AsMASPa and AsMASPb. The complete nucleotide and deduced amino acid sequences
of AsMASPa (A) and AsSMASPb (B) are shown. Nucleotide and amino acid residue numbers of the rightmost residues of each line starting from
the initiation methionine codon are shown at the right. The possible poly(A)* addition signals are underlined. Stars indicate the stop codons.

with human Cls, and 28% with hamster Cls. The identities of
AsMASPD are 28% with human MASP, 28% with mouse
MASP, 28% with human MASP2, 26% with human Clr, 24%
with human Cl1s, and 24% with hamster Cl1s. Thus, it is difficult
to assign a MASP or Clr/Cls idenitity to AsMASPa and
AsMASPb by simply comparing overall amino acid identities.
Instead, nearly the same genetic distance of the ascidian
sequences from mammalian MASP and Clr/Cls strongly
suggests that AsSMASPa and AsMASPb represent a common
ancestral state of mammalian MASP and Clr/Cls. The higher

amino acid identities between mammalian MASP and C1r/Cls
(34% to 37%) indicated that the gene duplication event that
generated MASP and Clr/Cls from a common ancestor
occurred in the vertebrate lineage. However, AsSMASPa and
AsSMASPb have certain structural features characteristic of
mammalian MASP: the two cysteine residues (3'2C and 528C)$
involved in histidine loop formation of mammalian MASP but

§$Positions of amino acid residues are referred by the residue numbers
of AsMASPa throughout this report.
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/CUBL 111
------ MRFLYGTAIVLLYCN---SVFSAELLTAHFGNFSSPNYPRSYPDNSNLTWNIRVQHGYRMSIRFSTFDLEDSYEDGIGSCVYDYVEITESNKTVAKFCGNYQLFPTDAPNPSKF
MLCITRMILSTALSLVLLYTHNIEAAPSVKNLTGSFGSFSTPNFPAVYEDNLDLEWDIKVRAGY QIKIQF TTFDLEDSYEPLEGACIYDYVKI I EGNKTLAKFCGN - -NN- YDAPHDNQW
----- MRWLLLYYALCFSLSK- - -ASAHTVELNNMFGQIQSPGYPDSY PSDSEVIWNITVPDGFRIKLYFMHFNLESSYL- - - - -CEYDYVKVETEDQVLATFCGRETTDTEQTPGQEVV
CEYDFVKLSSGAKVLATLCGQESTDTERAPGKDTF
CEYDYVKVETEDQVLATFCGRETTDTEQTPGQEVV
CFYDYVKISADKKSLGRFCGQLGSPLGNPPGKKEF
CAYDSVQITSGDTEEGRLCGQORSSNNPHSPIVEEF
CEYDSVQITISGGVEEGRLCGQRTSKNANSPIVEEF
* * * * * * * ok * kk ok *k *
/EGF /CUB2 224
IYTSQNEVRVTFVSDYS -~~~ ISLSGFQAHYAQIDINECELMETKKRTTIEDWDELVVCSHYCRNVPGSYYCGCRPKFTLDANRHTCVASFCENQVLTDDNSGHI SSPEYPELYAKL,
ITTQSDEAKVIFVSDYSNEY - -~~~ I TPKGFQAHY I ESDINECERMKLEQDS TREGWDELVFCNHYCHNVPGS Y YCSCRIGFTLHANKHTCYASFCENQI ITNETGGVITSPEY PQPYAKL
LSP-GSFMSITFRSDFSNE~---~ ERFTGFDAHYMAVDVDECKEREDEE~ =~~~ ———~~ LSCDHYCHNY IGGYYCSCRFGY ITLHTDNRTCRVE-CSDNLFT-QRTGVITSPDFPNPYPKS
YSLG-SSLDITFRSDYSNE--—-- KPFTGFEAFYAAEDIDECQVAPGEA-——---—~~~ PTCDHHCHNHLGGFYCSCRAGYVLHRNKRTCSA-LCSGQVFTQRS ~GELSSPEYPRPYPKL,
LSP-GTFMSVTFRSDFSNE~~ ==~ ERFTGFDAHYMAVDVDECKEREDEE- -~~~ - ———- LSCDHYCHNY IGGYYCSCRFGY ILHTDNRTCRVE-CSGNLFT-QRTGTITSPDYPNPYPKS
MSQ-GNKMLLTFHTDFSNEENGTIMFYKGFLAYYQAVDLDECASRSKLGEE -~~~ DPQPQCOHLCHNYVGGYFCSCRPGYELQEDRHSCQAE-CSSELYT-EASGYISSLEYPRSYPPD
QVP-YNKLQVIFKSDFSNE ERFTGFAAYYVATDINECTDFVD-~- - --VPCSHFCNNFIGGYFCSCPPEYFLHDDMKNCGVN~CSGDVFT-ALIGEIASPNYPKPYPEN
QIP-YNKLQVIFRSDFSNE ERFTGFAAYYAAIDVNECTDFTD-————=~=~~~= VPCSHFCNNF IGGYFCSCPPEY FLHDDMRNCGVN-CSGNVFT-ALIGEL SSPNYPNPYPEN
* L *k ok Kk * *k * ok ok ok * * ok * * * * * * * *
/CCP1 342
TDCSWTIQLREGLSVNLIFE-RAFGIEEHEEEGCTYDRLEVLHKS-TTDIYCGNQAPGNGTVMPMNTNLVQLKFHTDLSVEKKGF SVRY TSTRIKCLHALHDPRNGSLSFSHSRSYHEFE
SDCSWIIRFRVGMSVNLIFD-NQFDIEEHFEERCAYDWLKISSGG-TVNDYCGKSAPGNGLLMPMNDREVKLELHTDLSVEKTGF SVRY SANRIRCLOMI KNPENGQVTFNHDRSYHEFE
SECLYTIELEEGFMVNLQFE-DIFDIQDHPEVPCPYDY IKIKVGPKVLGPFCGEKAPE-PISTQSHS- -VLILFHSDNSAENRGWRLSYRAAGNECPELQP - - -PVHGKIEPSQAKYFFK
SSCTYSISLEEGFSVILDF-VESFDVETHPETLCPYDFLKIQTDREEHGPFCGKTLPHR - - - IETKSNTVTITFVIDESGDHTGWKIHYTSTAQPCPYPM-APPNG--HVSPVOAKYILK
SECSYTIDLEEGFMVSLQFE-DIFDIEDHPEVPCPYDY IKTKAGSKVWGPFCGEKSPE-PISTQTHS - -VQILFRSDNSGENRGWRLSYRAAGNECPKLQP---PVYGKIEPSQAVYSFK
LRCNYSIRVERGLTLHLKFL-EPFDIDDHQQVHCPYDQLQIYANGKNIGEFCGKQRPP~ - - DLDTSSNAVDLLFFTDESGDSRGWKLRYTTEI IKCPQPK--TLDEFTI IQNLOPQYQFR
SRCEYQIRLEKGFQVVVTLRREDFDVEAADSAGNCLDSLVFVAGDRQFGPYCGHGFPG~PLNIETKSNALDI IFQTDLTGQKKGWKLRYHGDPMPCPKED - - - ~TPNSVWEPAKAKYVFR
SRCEYQILLEEGFQVVVTIQREDFDVEPADSQGNCQDSLLFAAKNROFGPFCGNGFPG-PLTIETHSNTLDIVFQTDLTEQKKGWKLRYHGDPIPCPKEL - - - -TANSVWAPEKAKYVFK
* * * * * Tk * * * * *
/CCP2 . 447
DVATFSCDRGFDIIG--——-- VPRLKCLSDGSWSHSAPICQIKSCGVPOFLLDLPNSHIVEYENSK~TTY SEVLDVTCNQWYGMISGAS - - - ————- KWICENSKIWTEHGGLVAINNFN
DIATFSCVRGYKLSG-===== NTQLHCONDGTWNHLVPTCQTKSCGVPTKLQAVPNSHIEDYDLSK-TTYLEILTVKCNEWYEMT SGY S -~ — === OWICEDSKQWEKHGGSVPG-TII
DQVLVSCDTGYKVLKDNVEMDTFQT ECLKDGTWSNKI PTCKIVDCRAPGELE-- - HGLI TF STRNNLTTYKSETKY SCQEPYYKMINNN -~~~ - TGIYTCSAQGVWMNKVLGRSL~-~~
DSFSIFCETGYELLQGHLPLKSFTAVCQKDGSWDRPMPACSIVDCGPPDDLP- - -SGRVEY I TGPGVTTYKAVIQY SCEETFY TMKVND- = = = ~ = — GKYVCEADGFWT SSKGEKSL-- -~
DQVLVSCDTGYKVLKDNGVMDTFQI ECLKDGAWSNKI PTCKIVDCGAPAGLK - - ~HGLVTFSTRNNLTTYKSEIRY SCQQPYYRMLHNT - — - - -~ TGVYTCSAHGTWINKVLKRSL -~~~
DYFIATCKQGYQLIEGNQVLHSFTAVCQDDGTWHRAMPRCKIKDCGQPRNLP - - -NGDFRY TTTMGVNTYKART QY YCHEPYYKMOTRAGSRESEQGVYTCTAQGIWKNEQKGEK T - - - -
DVVQITCLDGFEVVEGRVGAT SFYSTCOSNGKWSNSKLKCQPVDCGI PESIE---NGKVEDPES - - ~-TLFGSVIRYTCEEPYYYMENGG-————— GGEYHCAGNGSWVNEVLGPEL -~~~
DVVKISCVDGFEAVEGNVGSTFFYSTCQSNGOWSNSRLRCQPVDCGIPEPIQ - - -NGKVDDPEN- - ~TLFGSVIHY SCEEPYYYMEHAEH - - - ~ - GGEYRCAANGSWVNDELGIEL----
* * * * * Kk * * * * * *

/Serine Proteasel # +# 553
NKPVCKPICGKKLYNDPADWI ESQASGGK I TKRRGEWPWMTLVDLGDNEAKGKYGT SGLNGTNYCGGSLVDENIVITARHCVE-- - -~ LRNPSD---ITAWFGVD----DRSINDNIV
DIPVCKPICGIKGAED-NPLLAQQISDGDPVKKH-EWPWLTLLNFGSE--~=-~~~ PNIVSQVICGGSIISPHY ILTAAHCLYNTEYEGNVRYPNA---THAWLGVHNRLEDRNIAKSQV
~-PTCLPVCGLPKFSR- - -KLMARTFNGRPAQKG-TTPWIAMLSHLNG- - - ~——-=-==~— QPFCGGSLLGS SWIVTAAHCLH---—-- QSLDPGDPTLRDSDLLSPS---DFKIILGKH
--PVCEPVCGLSARTT- - -G- -GRIYGGOKAKPG-DF PWQVLILGG-—= === ===~ ===~ TTAAGALLYDNWVLTAAHAVYEQKH-————-~-——~~ DASALDIRMGTLKR-~~~LS-
--PTCLPVCGVPKFSR- - -KQISRIFNGRPAQKG~TMPWI AMLSHLNG -~ - === ~~-—~ QPFCGGSLLGSNWVLTAAHCLH-—-——~ QSLDPEEPTLHSSYLLSPS---DFKIIMGKH
--PRCLPVCGKPVNPVE-- -QRORITGGQKAKMG -NFPWQVFINIHG- -~ ———==== ==~~~ RGGGALLGDRWILTAAHTLYP-——-- KEHEAQSNASLDVFLGHTN-— -~ VEELMKL
-=-PRCVPVCGVPREPF - - -EEKQRT IGGSDADIK -NFPWQVFFDN - -
--PKCVPVCGVPTEPF- - —RIQQRIFGGFPAKIQ SFPWQVFFEF--

* Kk k r * *k * *hkkk

+ ] 667
QKRDILEINIHQDYE- - - -NKRH-TTPFDSDIAVLKLDSPVTLTPVVRPICLPLTETEKQLPQK SONPOHNVNTWY KGVVTGWG - KTEVGTLSNHLLKVRLPFVSNEVCQTGYDELYEHT
INAKVESIVLHPQYF - - - -KE- - - -SPWDFDFGL IRVSEEIKMSNKTRPVCLPQTPNEF DMVDDG -~ ~ - = ===~ AEGEVAGWGLYTTVSGSSYKLYQAQFPIVSTQRCEDAFTELSRQL
WRLRSDENEQHLGVKHTTLHPQYDPNTFENDVALVELLESPVLNAFVMPICLP--- -EGPQOEGA- --MVIVSGWG-KQFLORFPETLMEIET PTVDHSTCOKAYAP~-—--~
- PHYTQAWSEAVFITHEGYTHDAG- - - -FDNDIAL IKLNNKVVINSNITPICLPRKEAESFMRTDD- -~ IGTASGWG-LTORGFLARNLMYVDIPIVDHQKCTAAYEKPP- -~
WRRRSDEDEQHL HVKRTTLHPLYNPSTFENDLGLVELSESPRLNDFVMPVCLP - - -~EQPSTEGT- --MVIVSGWG-KQFLORFPENLMEIEI PTVNSDTCQEAYTP--~-~~
GNHPIRRVSVHPDYR-- - -QDES-~YNFEGDIALLELENSVTLGPNLLPICLP~--DNDTFYDLG- -LMGYVSGFG--VMEEKI AHDLRFVRLPVANPQACENWLRGKNR -~
KMLTPEHVF IHPGWK - - LLEVPEGRTNFDNDIALVRLKDPVKMGPTVSPICLPGTSSDYNLMDGD- —--LGLISGWG-RTEKRDRAVRLKAARLPVAPLRKCKEVKVEKPTAD
QKLTTDRVIIHPGWK- - PGDDLSTRTNFDNDIALVRLKDPVKMGPTVSPICLPGTSSEYEPSEGD-~--~ -~~~ LGLISGWG- RTERRNIVIQLRGAKLPVTS LEKCRQVKEENPKAR

* * kkk * ok * N

$ + 746

R ITENMICAGYPGG-HRDACKGDSGGPLMFPDRITN--TWFLNGIVSFGDSSDRENFCGQARTYGAYTNVGK~FIDWISSFLD
NKTLNKGLRITERMFCAGFEAGDSHTTCEGDSGSPLVMKNTGTE - ~KYYVMGMVSYAAADT - - - ~CGKSK SYTVYAKL TQTVVEWIMEKTNNLE
----- LKKKVTRDMICAGEKEG-GKDACAGDSGGPMVTLNRERG~~QWYLVGTVSWG- - - —--DDCGKKDRYGVY SYTHH-NKDWI QRVTGVRN
Y-~~~ -PRGSVTANMLCAGLESG-GKDSCRGDSGGALVFLDSETE- -RWFVGGIVSWGS - =~~~ MNCGEAGQYGVYTKVIN-YIPWIENIISDF
----- LKKKVTKDMICAGEKEG-GKDACAGDSGGPMVTKDAERD - -QWYLVGVVSWG- - - - -~ EDCGKKDRYGVYSYTYP-NKDWIQRITGVRN
—————— MDVFSQNMFCAG-HPSLKQDACQGDSGGVFAVRDPNTD- -RWVATGIVSWG- -~ - - - - - IGCSRGYGFYTKVLN~YVDWIKKEMEEED
A-- - -EAYVFTPNMICAGG-EK-GMDSCKGDSGGAFAVODPNDK-TKFYAAGLVSWG - - - -~ PQCG- - ~TYGLYTRVKN- YVDWIMKTMQENSTPRED
A----DDYVFTSNMICAG--EK-GVDSCQGDSGGAFALPVPNVRDPKFYVAGLVSWG~--—~~ KKCG---TYGIYTKVKN-YKDWILQTMOENSVPSQD

* kAR * kK * kk * *  * *%*

6343

F1c. 3. Alignment of AsSMASPa and AsMASPb amino acid sequences with mammalian MASP, Clr, and Cls. Multiple alignment of the amino
acid sequences was performed using Clustal W software. Gaps introduced to increase identity are shown by dashes. The completely conserved
residues among these eight sequences are indicated by * below the sequences. The amino acid numbers of the rightmost residues of AsMASPa are
shown for each lane. The N-termini of each domain are marked by/above the sequences. Three residues at the catalytic site of serine proteases
527H, 37°D, and %99S, two cysteine residues involved in histidine loop formation (°'2C and >28C), and the residue at the S1 specificity crevice (°34D)
are marked by +, #, and $, respectively. The arrow pointing downward indicates a processing site of mammalian MASP, Clr, and Cls. The line
connecting “°C and >*°C indicates a disulfide bond between two subunit chains.

which are absent from human MASP2 (22) and mammalian
Clr or Cls (25) are present in both the ascidian sequences.
Moreover, the codons encoding the active site Ser residue
(699S) of the two ascidian sequences are TCG and TCT,
respectively (Fig. 2), and the corresponding codons of mam-

malian MASP and Clr/Cls/human MASP2 are TCN and
AGY, respectively (8, 22, 26). We therefore designate the two
ascidian sequences AsSMASPa and AsSMASPb, and suggest that
the common ancestor of MASP and Clr/Cls/MASP2 was
more similar to MASP than to Clr/C1ls/MASP2. A phyloge-



6344 Immunology: Ji et al.

netic tree constructed using the neighbor-joining method (27)
based on alignment shown in Fig. 3 indicated that AsSMASPa
and AsMASPb form a cluster, suggesting that duplication
between these two genes is a recent event that most probably
occurred in the tunicate lineage (Fig. 4). Although this tree is
unrooted, the branching pattern supports the hypothesis de-
scribed above that gene duplication of MASP and Clr/Cls/
MASP2 occurred in the vertebrate lineage. Structurally, hu-
man MASP2 is more closely related to Clr or Cls than to
MASP, and there is no orthology between two ascidian MASPs
and human MASP and MASP2.

When compared with mammalian MASP, human MASP2,
and Clr/Cls, both AsMASPa and AsMASPb have a high
degree of conservation of residues considered to be important
for MASP function, such as the serine protease active site
residues, 328H, 57°D, and %°S, and the cysteine residues in-
volved in disulfide bonding between the subunit chains gen-
erated by proteolytic processing (*°C and 3°°C). However,
curious replacements are observed at the putative processing
site of both AsMASPa and AsMASPb: the conserved RIF
sequence of mammalian MASP is replaced by *"'QAS in
AsMASPa and QIS in AsMASPD. These sites would not be
cleaved, either autocatalytically or mutually, by enzymes with
trypsin-like substrate specificity. AsMASPa, however, has a
475K11 sequence five residues C-terminal to the QAS sequence,
which could serve as a processing site. Moreover, it is inter-
esting to note that the 984D residue at the S1 specificity crevice
(28) of trypsin-like serine proteases is replaced by T in
AsMASPb. This substitution may change the substrate speci-
ficity of AsSMASPD, and there is a possibility that AsSMASPb
can undergo autocatalytic activation at the QIS site. In this
context, it is interesting to note that the LXR sequence in the
C3 convertase cleavage site, present in all C3 sequences
determined to date, is not found at the corresponding position
in Halocynthia roretzi C3 (unpublished observation). Thus, it is
unlikely that Halocynthia roretzi C3 is activated by an enzyme
similar to vertebrate C3 convertases. Therefore, both As-
MASPa (with trypsin-like specificity) and AsSMASPb (which
lacks this specificity) might proteolytically activate C3. Bio-
chemical analyses are required to clarify the physiological

AsMASPa

100

AsMASPb

HuMASP
100

MoMASP

HuMASP2

58 HuClr

72 — HuCIs
100

GhCls

FiG. 4. Phylogenetic tree of MASP, Clr, and Cls. The relation-
ships among two MASPs of Halocynthia roretzi, human MASP (Hu-
MASP), human MASP2 (HuMASP2), mouse MASP (MoMASP),
human Clr (HuClr), human Cls (HuCls), and golden hamster Cls
(GhCl1s) were analyzed by the neighbor-joining method along their
entire amino acid sequences based on alignment shown in Fig. 3.
Numbers on branches are bootstrap percentages supporting a given
partitioning.
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substrates and activation mechanisms of ASMASPa and As-
MASPb.

Northern Blotting Analysis. Northern blotting analysis of
AsMASPa and AsMASPb was performed using two possible
sources of plasma proteins, blood cells and hepatopancreas
(Fig. 5). Both AsMASPa and AsMASPb probes detected a
major hybridizing band from hepatopancreas. The sizes of
AsMASPa and AsMASPb messages were 3.2 kb and 3.6 kb,
respectively, indicating that their 5’ untranslated regions (ap-
proximately 0.6 to 1.0 kb) are still to be isolated.

Evolutionary Implications. The original PCR primers used
in this study were designed to amplify Bf/C2; amplification of
Xenopus and lamprey liver mRNA with these primers resulted
in preferential amplification of Bf (13, 14). MASP clones were
never detected in spite of the presence of both Bf and MASP
mRNA in these livers (Y. Endo, personal communication).
Reexamination of the AsSMASPa sequence indicates the pres-
ence of two mismatches each with both the sense and antisense
primer sequences. Similarly, the AsMASPb sequence has
mismaches with both the primers (1 sense and 4 antisense).
These results strongly argue against, although do not exclude
completely, the presence of Bf or C2 in tunicates. If Bf and C2
are actually absent in tunicates, the lectin pathway was likely
to be the original activation pathway of the complement
system. Because mammalian MASP is reported to activate C3
directly (29, 30), although the efficiency is not very high, it is
conceivable that the primitive complement system consisted of
MBP, MASP, and C3 and functioned in an opsonic manner.
The major developments of the complement system, therefore,
seem to have occurred in two stages; first, with the emergence
in cyclostomes of the alternative pathway to establish a means
of amplification, and second, after the divergence of cyclos-
tomes but before the divergence of cartilaginous fish, the
emergence of the classical and lytic pathways. This hypothesis
would not only explain the evolution of the complement

H B

—28S

—18S

—18S

AsMASPa AsMASPDb

F1G. 5. Northern blotting analysis of AsSMASPa and AsMASPb.
Five micrograms of hepatopancreas (H) and blood cell (B) RNA were
denatured by glyoxal, separated on an agarose gel, and transferred to
a nylon membrane. The hybridization probes used were PstI (nucle-
otide position 495 of Fig. 24) to the 3’ end fragment of AsMASPa, and
EcoRV (nucleotide position 816 of Fig. 2B) to the 3’ end fragment of
AsMASPb.
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system, but also may help to reevaluate the activation mech-
anism of the mammalian alternative pathway. The lectin and
alternative pathways may be two components of a single
process of activation, in which the former plays a role as the
initiator and the latter plays a role as an amplifier in the innate
immune system.
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