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Genetic Studies on the Sea Urchin Embryogenesis and Skeletogenesis

YOUN-HO LEE*
Korea Ocean Research and Development Institute, Polar Sciences Laboratory, Ansan 425-600, Korea

Higto) A &3] B 5 e AAE 283 SAREY By ol @St A7rt AlRE 18008HTEH AE7t
2] 1004 '@ o3 AFPE G AT] 2do] Hol g} HAZ A viokembryoys FHFolv 24 A9 B
g2 E 25 o] gEth AAVE dE] aTtide] HE o, AlE SR ujoke] AP wike] 41, AlEY o]
=3 713 84 E wold] gedAe] W) #FHy, wold tig Ax 23w fAR 2] rhedite 4
w2 B wEolct. EF, A7 AEA Ueld e 13, 2ASE FaA A 4A 97§ ST
= 2 o8 H3 Ytk Al AFFEN F7FEC] EEE] A3 7] dAE HRsle AeLolH,
862 44]-8-48 (planktotrophic larvae) A171& 714 L@she tus s|FFAFFTES tEse YEZOVIE st
A FABL F AT F 60HIET) 0] 0)2H o]F Ay, Euly), Jul71E AR ZFE) ¢ (pluteus) YL
2 gt A4A9 60 AT Hjolole olp] AR TE rlgoR Wad 5749 T4 (teritories; fate map)°] A3}
Atk 7t 799 AXEL 79 5579 FAAE FEsA Hoh 2 EF(vegetal pole)d] ¥X T who]AZ =2 of
(micromere) AT X 7] Tui7 WE Eol7t A= G A Z(primary mesenchyme cells, PMCs)E 34
3L o] & fAY<] Wl (spicule)E THETH PMCsollA= Ml E 2ol Fofsk= SM30, SM37, SM50, PM27, mspl30
29 fAAE wHETY. o8 F SM373# SM50S W] dAl(matrix)E FEE €714 ©HEEA Glycie,
Proline, Glutamine©] 2 ¥HE-72E zheth, o] T A3 d@A9 7%50] fAketd #HA & FaAbelA Z
39 FAAE (gene family) 22 ABZHETH AA Q] A #A FAR 2 7Tl dig A7 HEFFHFEE
o HaARARA Ao i BExleFs olshE sieA i, QAFESY A A, oFe Wy 34, AT
£ W] ¥4 5 AEA NN TEIOE Hole &9 AFE3H(biomineralization)2] A8 7L ols)sl=H]
Aths =0 = AUt

The sea urchin has been used as sea food in many countries. This species has also been an important organism
of embryological studies for more than a century. In recent years, sea urchin embryos are being used as testing
materials for toxicity of pollutants and toxins. Usefulness of sea urchin embryos as experimental models comes
from the easiness in obtaining sea urchin samples and a lot of gametes, in rearing embryos in the laboratory,
in observing the cellular movement and organ formation during the embryogenesis and in manipulating blas-
tomeres and genetic materials. The sea urchin in itself is a key organism for the understanding of deuterostome
evolution from the protostomes and of indirect development of marine invertebrates which undergo the plank-
totrophic larval stage. A fertilized sea urchin egg goes through rapid cleavage and becomes a 60 cell embryo
7hr after fertilization. It then develops into a morula, a blastula, a gastrula and finally a pluteus larva approx-
imately 70 hr after fertilization. At the 60 cell stage, the embryo comprises of five territories that express ter-
ritory-specific genes and later form different organs. Micromeres at the vegetal pole ingress into the blastoceol
and become the primary mesenchyme cells(PMCs). PMCs express genes involved in skeletogenesis such as
SM30, SM37, SM50, PM27, msp130. Among the genes, SM37 and SM50 are considered to be members of
a gene family which is characterized by early blastula expression, Glycine-Proline-Glutamine rich repeat struc-
tures and spicule matrix forming basic proteins. Genetic studies on the sea urchin embryos help understand the
molecular basis of indirect development of marine invertebrates and also of the biomineralization common to
the animal kingdom.

*Corresponding author: ylee@kordi.re.kr
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AAE A AAY 2 it &3] B F Qe RS
SEot). WpolAHE MR B AAVE & vitie] kel BH
oL} Bol Al LA AL A sE AA o3 Uzt
A go2 olgHAr} 2 YEelME AA2] Aairt arte) v
W Uk A ALe ST A8 =HORA YRt
FAEYL Bl A A9 RN PFARE S Hel
ATHE] &, 2000).

AAE FRgeE 08 B opg 03
AEFo|th, dAisto] Az 1800 thtEl AAI7L st AT
9] F wdo] glojgich A @Ael gt AT 1847 (Dufosse
in Monroy, 19867F<] A&# &8}, 2 ¥, Hertwig(1876), Fol
(1877), Bovery(1888), Driesh(1892) 522 o]oJx|HA 43}
Al D& A7 478 FASE ol FolHTh AL WA B
° 27000 A7e) FAo] AA B olRE UE ohd ATARS
E 5] $o|3t7] W&ol ATHMonroy, 1986). BAIE A=A =
Ao 01271744 AAMA] o= vittel|uh A2 3k Blstrio A 4
A FAEG. A A7F A, ek dsE(KC, 0.5N)
AP 2 GFBE] AMANA thFe Aot FAE AP < 3
ok AP Ao A HL wgstr 17t 491 wok(embryo)’t £
sto] WAFEE BFP)7E Soleitte ARE 2L Sivt B
WA 29 AL wjolel] A9Ad FZHEH X AAY 2
X WS 71 F PoH, ATHHAAE 9o € & AUt
ol$} 72 FH o] BTl FFHE ORI e AwE &
A Z719 FRAA DA S dysked AV BE AEEA
A& 2ol e o]FoltH(Davidson et al., 1998).

39, AAle 2318 BHANA £ o W5 E(protostomia)°]]
X 7 EE(deuterostomia)e] I HE £7F WAl X5k A
B7og 31FE AL o&se g4lr) |t ke ISt
£ HFFEo| BF FE5E &3 B, A Bid484

-4 (planktotrophic larvae) BAIE AX EA3h= divhk: S| FT

SEAO T

b L0 B

Ho

koA

HFEES dFshed] 71% 2do] B2 gck(Peterson ef al., 1997).
B =Ro A A A7 o3 AA 2] duky 3}

AE AR, AANA EE3] A7 2ol HA = WoEAy

49 F-48 d75 s Bz gt

A Y 7o E2Y

24 FE (triploblastsy> ZA] H7-5-E (protostomia)®
T5E (dueterostomia)E el tH(Hyman, 1940; Aguinaldo er al.,
1997; Fig. 1). 23 A%, AA o], /| F tiF-2o] FH3F
Eo] AEE &3 A, midYd 5 ofF, AR, AEF,
ZF, IFF T AFFE) EF Fy5E &3t AV &
she 352 (Echinoderm)e Fig. 1914 REo] 3355 135
o 2719 B3E AEwelth AAs SRR ATEEH
TEH EAE s g giREe] AFLFEAE AT AA
T2 WA A HE e BRER8 BAE AA 2
(7 A« indirect development). WEFA, 355 Zsle] 2
B WA Z olsly] YsiN AFEET FLEFE Alole] Hol
ol AT GAE Asle Aol i Fasich oiAEA2
ATt A2 wHEFT = Haeckeld] ©010] AR KA &
T2k (Haeckel in Gould, 1977), A& 213le] 7152 #a A&
-9 YA s 35 ¥ (symplesiomorphy)eliA]
& 7] ol A WAl digk A7t F-5E AA
o] AP S ol st ulge] @ AoE AztE I Yot

g B FHFEE] YoM dFF LS AXITh
FATo] tEge AX 544274 (planktotrophic larva)2 =2
Weksla, o] 0] YHINZ 4 FoN EPIES Wor o
Evly} Welsle] AA71 Eth(Peterson et al., 1997). A& 1 3
glo} xoA Aol AF e E4L zhevh 149 E9Ut
@ ] AEZoZ FAgH Yo, g F /e HdESe] &
Aol BAE FEI AUrhFg. 2). tivks A FE 94 e

AL w2k A 2ol et AT MY FAFTE] WA

1.0
Z2e

Cnidaria

Kinorhyncha

Nematoda
Crustacea

Ecdysozoa

Protostomia

Insecta
Myriapoda
Chelicerata

Platyhelminthes
Rotifera

Lophotrochozoa

Triploblast

Annelida

Brachiopoda Fig. 1. A phylogeny of Triploblasts

inferred from 18S rDNA. The Triplo-
blast consists of two major groups: Pro-
tostomia and Deuterostomia, and then

Mollusca

Deuterostomia

Echinodermata :
the Protostomia consists of Lophotro-

chozoa and Ecdysozoa (modified from
Aguinaldo et al., 1997).

Hemichordata
Chordata
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F}3& ols)slhz dl A 712 g ATl U

A3A) 9] vjol= A)BE-3}(biomineralization)s E3lod ME T
B} AFESE AEA A FE A BEEE R A
A= A, siuee] ¥ Astatolith), AAFES A4, 3
552 Mo} ol oA 1 g & FE 4 vk A Hiert &
Aol WS FAIEZ oo U A7rt BBES
ey B mdo] ¥ Qi)

A, AA L vlote 2 FHLFY BA I THEA
= A o] &5 Ith(Dinnel er al., 1989; -5, 1998). AAI2] 1l
SAE A 4& F Avke A, vloke] widke] vimd st
3, B4 dF8E BE) 42 AegE F drke J50
B4 A7 wd2A A 2 Aol 29 Edo| Al
A A BAhe] A 2 viote] WA v X PEE ol
Fe WslEA A52E = 9lo], LAEH AETH 5HS A
EZ yehd 5 ok

AL A3} L d

AAe GrmEe AEZA AYLAS
7} AAE GEH FollA A o] o] FoiKi), viE UHH
02 T pAo| b3l gAY A7kl 98ZE0.5N)
oF 1 mle FYsE W= deke] A= 2kekr)e] A A7
2 AAAE JHE & Qo] ZF AR A R AN FARt dAb
7t HEErh(Fg. 3). EE A= 3dAE 8 sl9A vF dE=t
& FRAY. D2 I FEEY, AT YR 8
Aolm o2} Q1 F7g o] JA|Erh(polyspermy block). 578 T2
FA ] {7 9Jste] vlgEs) FRETFg. 4). ©o)EE &
Aoz 8] AL SHEL 2 AFsE ¢ AUk 7Y, oW &
Aol &3l Y Eo] R, 1 Edo] E40] 925 veh)
o A3tE =g 8] EAQ FA=E EASE A7 Ak

AAY FATE 7 T oF 1A17e] Aubd dEe AR,

o 7A17 F GOAIE7] HiokE WEHT. o F Wob: 447

Fig. 2. Planktotrophic larvae of marine
animals. Left, an early trochophore
larva of a polychaete; right, a tornaria
larva of an enteropneust (section) (from
Brusca and Brusca, 1990).

B C

Fig. 3. Artificial induction of spawning and harvesting the gametes
of the sea urchin. A, injection of 0.5N KCl into the sea urchin body
cavity; B, harvesting the eggs in ice-cold sea water; C, harvesting
the sperm.

(morula), X8} 7](blastula), g9 7] (gastrula)S AX FFE -2
(pluteus) FA & & WSth(Fig. 5). EFETE A G 45 5
et dl FollA] wWETH} o A juvenile)E HENSIHA] AL
uiete]] ZAsia A= RAehdt

AAI2] 60 AlFE7] ol ofn] EAFA L] o] AAHE
9] 74 (territories) 2.2 T4 %0] 2T oral ectoderm, aboral ectoderm,
skeletogenic ~ mesoderm,  small

vegetal  plate/fendoderm,
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Fig. 4. Comparison of the fertilized egg (right) with the unfertilized egg
(left). The fertilized egg is characterized by the fertilization envelope.

micromere; Davidson et al., 1998; Fig. 5-A). ZF FHol|A= +9
Efe fAR7 FEHAN NEEC] AE O 7T FES
v, FEFHEANYE, 9 2 28, ), SgAES A% 5
1o 2 it o & E9, CyllASH 22 actin F-4A e FEFHY
HlgolA, EctoV FaAe AFEul g st 2 s zt 74
o] wgshA ol Tt 2] EF(vegetal pole)el] 7F7ke] $1A|g

skeletogenic mesoderm’ 73] wlo]ZZw]o](micromere) Al X E
oAM= A Wl (spicule)g T3k BE -FEA0 SM50
I SM37 So] 2EH) o] AEEL UXFu M E(primary
mesenchyme cells, PMCs)Z T2 31HA Zul7]o] o7 E &
o7} A8 2] Mol (spicule)E THETHFig. 5-A, 5-D).

164 271¢] el A AEF] YRk nfo|AEM|o] AEZEL
553 EAE Zieth o] AXEL ¥AFY viok(embryo)ol] &
A &= spemann’s organizer(Spemann and Mangold, 1924)9} 7
L dEe I} &, 9 Ao E PAHE WHEE F=3t
£ 582 2th(Horstadius, 1935, 1939). A1&F¢] vlo]A20|
o] & wojo] ¥k HAIQl FEF] EXFH SEFNA =
4o] A rh(Ransick and Davidson, 1993). vlo]Z 2 R0l = A
A< ool w2 woju WG & SlE FASH AxoP=
sle}, & dEeA AFASE] mo|aZ R o AT £
Fulg oA A WolE w=rd), w2 wo] wiFst e
JqM = ABL-E3H(biomineralization)S E3le] wWohe} w3t
#& vHEo] Wdth(Okazaki, 1975; Lee et al., 1999; Fig. 6).
9} 2 Ol FEZR mlo|AZER T A T AT FEE
FES BT 9lon, o] AEEo] FHIe FAA A AT
7} #38] AP 7 Y ohEitensohn et al., 1997; Zhu et al.,
2001).

O,

-

Oral ectoderm
Il Aboral ectoderm

B Vegetal plate/endoderm
I Skeletogenic mesoderm

Veg. plate mesoderm

8 Small micromeres

# Larval spicules

Fig. 5. Specification maps for S. purpuratus embryos at mid cleavage and blastula, and final disposition of cell types at the pluteus stage. (A)
60-cell stage, 6th cleavage. Eight large micromeres, descendants of the four founder cells of the skeletogenic mesenchyme are present (shown
in red). (B) Mesenchyme blastula, about 500 cells, external lateral view. (C) Mesenchyme blastula, vegetal view. (D) Final state of spec-
ification in early pluteus-stage larva, about 1500 cells (65 hours postfertilisation); shown in lateral view; (E) same stage, oral (‘facial’) view

(from Davidson et al., 1998).
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Fig. 6. Spicule formation by in vitro cultured micromeres. Isolated
micromeres make spicule elements when they are cultured in the
culture dish (from Lee et al., 1999).

i CH & 41 2} 3 (skeletogenesis)

A 49 Hdle S0 2YE AYssE Y8 &
E24], JALsoY 1P EAE FIFS Frt. Mo F4
AEANA FEHoE BARAE 429 3= 3} (biomineralization)
o] <J&f o]FolAtt AA A9 AFEIFL dlAR 7y
H 7189 L l(matrix)7} TEARE @A) 716 @itEE
(CaCO3) BRIV E(MgCOs) T FE°] FHHE A= °]
FolA}. o] HFE 3l AA Fol upgt B AE GE F
A o] W7} ¥HE0] 2t} (Benson et al., 1986; Belcher et al., 1996).

AA A HMUE Bes AEE AEF 9X3 nle|az
Tl A feEl e AAFM A EEPMCs)elt. Hlo]AE o]
AL sHA) GEA e AEE AET) vehdt), o] F A
Y W AZEDE AX 32~647) AEE F7}3HH(Takahashi
and Okazaki, 1979). ©] AEEL Zv| F71F8 F < 20417h
o Eu)7}(blastocoel) HE Eo)7Hingression) A& ZF 9&
o) ZPEFe vjEH}, o) YAFU AT EL filopodia® A]
2 dZ2% YA E(syncytium)E FA ST 53], R & &
o thre AlEEo] FEE WA (ventro-lateral clusters) ©]3ollA]
W7+ A7) A2RITHFg. 7). YY) $700 HeoE e
oA & o] Wl triradiate spicule rudimentZ E-#t}. ©] triradiate
9] Z+ FA oA W7} Afer] A&l & rRle B o ®, v
£ 3 7HE 5 &R, A ¢ /A s BAHY #-439] B(arms)
7+ Bl (body)E A &= W2 A2hdth(Ettensohn ef al., 1997).

A MU E DEE glo]agnd] AEEL WE 9 164
E7] Z& 3241 E7] vjotel A wojufo] v FHAINAN wE wj g
ke Aol 7Fs3lt} o] NEEL g E 2o F34
zg a3 o} W (spicule)E THETHOkazaki, 1975; Lee et al,
1999; Fig. 6). ¥7FA] APl ajgAlellx wreoiAe W7}
o7 = ZEeEA AA fAe] woeh 22 B9 F28 7
] E3lthe Folt}, o]# 3t Aol WulFgg FAZE PMC Al X
FE0 2 o)X Ro] o}, PMC Ml X} ol A=
Atole] A &AL (signal transduction)d 7 M E7ke] A5 2}g-o]

Ao Mo 2e AAsled Br] dEo]thEttensohn,
1990). $Julqg HIMEO AlFo wet PMC AEES] ZHi7 W
Ax7t AR =, old wet Wzt Aehe W wWde] 27
5ol 2349t

i CH & & 2 REAL

AA A W FAde B FAAE] FAFAL Utk
AzFEch WA #EE fAREe] jEE 9Ee 75l
wet ZA F E5F2 Udoh W A E sk SuEs
o A 7EF e Fojsle gd W AAE T &
W2 A9 matrix protein]g} 3l BibZEH 72 FEo] J
AE 4 Y ide] I/1E etk Benson ef al, 1986). A=,
Mo FAL o] vl Ayt AR Wl w} HYH)
HTE Aol 7Hd o2 FAse T2 PMCs AlE2t g
AxZre] ABAL, protein matrix® Zgel2e] A 3 2
qgL gt

Aslsry whd o] shlel djde] o2 Hr|dE A ¢
31 AA gAY WS FAske Do) oz 50 JHe &
Foh(Killian and Wilt, 1996). 22}, o] F AF7H 2 7=
7t 9 g Ee SM30, SM37, SM50, PM27 5 & u} 74
B3l TH(Table 1). SM30& 2Hde] @iz A Mg 435k
e Aol 8 FAYItH(George et al., 1991). SM30¢]
AR WS B== PMC AlZEESo] Zuj7t oM Za)nde
PR T WS 9EY) vE ARHEH 3] 2dH7) AF
g}, wbA, SM37% SM50, PM27 5 A eeid o] 4421 )
Z7) @ARE olv] L] AF STt T, o] A @HEEL
FFAH bpAo] TABE BHEERE 20 Jvke FEE 5
Ao] At}, g, SM373 SM502] FHAE EExd JAY 2
FZo) Qo] Be FEHS 7 Yo FHe T ARd FHA
2 AZHEATHLee er al., 1999). TR ZolA] ol th3}e] #}A|3]
g2H3 i,

2 9] PMC Al FEAA 9 gH == 1424 mspl30, MESOL,
CBP180 E¢] ¢&A Ytk(Table 1). o] A} wtee Gulzd
E& PMC AEe] ol AX Y| 1XsaA Zgoleae]
A%, Zgoled Ag T Wo] F9g0 A, 7P 0= B
S Q& Ao ABZEITHLeaf ef al., 1987).

SM372} SM50 S-& At T & 2|

SM37% SM502 Al F-A82 Mg TSk GEEAN 2
FHAEC] A Ao M2 AZ =] o) (linked) JATF. SM37 -3
A= I SMS09] Alw F8AE B4gke A AMEA B
HHH(Lee er al., 1999). SM377F SM50 F-AR= FAA) AollA
oF 12kb BoJA glom {74 FAAl(transcription)®] ko] A2
wfoltt, SM37 F4Ake] 4% promotor regiondllE SMS0 -3
Ake] A, 374 Bd-g 28k UAE 4E% element A, D, C
So](Makabe et al., 1995) B2F SR gt @A, F 47T F
A3} AARI A} (transcription factor)e] ZHE W& Ao o]of o
2t 2 A, 38 BEPde] BdE Ao FEHET
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Table 1. Primary mesenchyme cell specific genes

Genes Characteristics Function/Expression pattern References

SM30 Spicule matrix protein Structural component of spicules George et al., 1991
Signal sequence mblastula to pluteus expression Akasaka et al., 1994
Proline-rich Guss and Ettensohn, 1997

SM37 Spicule matrix protein Structural component of spicules Lee et al., 1999
Signal sequence early blastula to pluteus expression
GAGAGAGGRWNPNQ repeats

SM50 Spicule matrix protein Structural component of spicules Benson et al., 1987
Signal sequence early blastula to pluteus expression Sucov et al., 1987
GRQPGMG repeats Killian and Wilt, 1989
C-lectin like domain Katoh-Fukui et al., 1991

PM27 Spicule matrix protein Structural component of spicules Harkey et al., 1995
Signal sequence, PGMG repeats early blastula to pluteus expression
C-lectin like domain

msp130 Cell surface protein Facilitgtei calciurp transport Leaf et al., 1987
GPI-anchored, N-glycosylated and spiculogenesis Anstrom et al., 1987
Glycine-rich domains Farach-Carson et al., 1989

Parr et al., 1990
MESO1 380 kD cell surface glycoprotein Unknown Wessel and McClay, 1985
CBP180 180 kD protein Calcium-binding protein Iwata and Nakano, 1986

Fig. 7. Whole-mount in situ hybridization of SM37 (A) and SM50
(B). Embryos are about 48h old. The left panels show views from
the anal plate, with the blastopore clearly evident, and the right pan-
els views from the oral sides. All stained cells in both (A) and (B)
are skeletogenic mesenchyme cells. Cells at ventro-lateral clusters
are most heavily stained (from Lee et al., 1999).

AAZ SM375F SM50 F-32Rs A mjote] EEaelx] A
o] BUF A, I+ AUl S Bo] FoiFig. 7, 8). WlolollA
A B EHE 54 Ax 713E Fotste WHSL whole-
mount in situ hybridization 712 ¢ F +dx9 48 A¥S
ZAE B s, F 5ARy 3744 dddvio] At
444 2% Fa) 7 (blastocoel) ol 22 go 2 MjEH U5

G A ZEMCs)olA LR = A THFig. 7). B3], Mort THEO)A]

7] A12sl= ventro-lateral cluster-4 AES] 2 @3] IAZFHA
o}k WOl e AEES vjotoll A wo] vio] viFEAlollA] 1l
kg ol o] A EE (skeletogenic mesenchyme)oll A SM373}
SM50 42471 25 S EA T Lee ef al.; 1999). SM372 SM50
FrAA] A1ZHE BEAE A AL FYsIT T {FAA
e 54 F oF 15/7be) At Tl 271 A== o] Whe] §
o] 714 gds] dojuhs @l £l Hizel] ESi o] F A
A} Aasle S BATHFg. 8). ©1¢ 7Fe] SM373% SM509]
A, F7kE wggde] ELUT AL W T Al F -rr7<47<}7]' s

Ay,

5o A% WASE AL 7k 98

RS AR Sl

Transcripts per embryo (x10°)

0d : . . s * L 2 ;
] 10 20 30 40 50 60 70 80

Developmental stage (h)

Fig. 8. Developmental changes in SM37 (@) and SM50 (&) tran-
scripts per embryo. Transcripts were measured by single-strand probe
excess titration in embryo RNA of the indicated stage. SM50 and
SM37 transcripts accumulate with very similar kinetics (from Lee et
al., 1999).
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1 50
SM37 MESTLRFACL LAGLIAVQAQ CPPSWVKVEN --SCYRAFGQ LKTYDMASQS
SM50 MKGVLFIVAS LI-AFATGQD CPAYYVRSQS GQSCYRYFNM RVPYRMASEF

SM37
SM50

SM37
SM50

51 100
CKTFTGCDGI SPGHLAAPTT FEERRAVRKI RFDLLRPIGG NRIGEGQRLR
CEMVTPC-GN GPAKMGALAS VSSP----QE NMEIYQLVAG FSQ-DNQ--M
101 150

PSNVWMGFRL GQGANSSWDS TEQYDNLLLD QHWGPN---R PNMPGQR---
ENEVWLGWNS -QSPFFWEDG TPAYPNGFAA FSSSPASPPR PGMPPTRSWP

151 200
SM37 --PQAQAFDP TNFRWNGRCM ---TLPGQMQ MNGAVQ---K WGHI-ACNMQ
SM50 VNPQNPMSGP PGRAPVMKRQ NPPVRPGQGG RQIPQGVGPQ WEAVEVTAMR

SM37
SM50

SM37
SM50

SM37
SM50

SM37
SM50

SM37
SM50

SM37
SM50

SM373} SM50L ehid o] PN E FEE E& HArh
@z 0. Brle) Fukio) st Sgado] AE U

o =

201 250
AAYMCEISPA GTVNPNINTG GGQGGFNSST GMGPGMPGGG RGGWGQGGQ-
A-FVCEV-PA GRNIPI---- GQQPGMG-QG GFGNQOPGMG GROPGFGNQP
251 300
~GQGGOGGRG GWGAGAGTGQ GAG--GGWGG QNPONPGAGG GRWNPN----
GMGGRQPGFG NQPGMGGRAP GWGNQPGVGG RQOPGMGGQQP GWGNQPGVGG
301 350
QGAGAGAGA- ~GGRWNPN-- —-—-—--=-m ————==m- QG AGAGAGAGGR
RQPGMGGQPG VGGRQPGFGN QPGMVDNNQA WWTTTRLGNQ PGVGGRQPGM
351 400
WNPNQGAGAG AGAGGRWNPN QGAGAGGAGA GGWNPNQGAG AGRWNP----
GGQPGVGGRQ PGYGGRQ-PG FGNQPGVGGR QPGMGGQQPG MGGQPGVGGR
401 - 450
e QTPQ NPGQGGRW-- —--------- ~=- NPQNP- -
QPGMGGRAPG FGNQPGVGGR QPGMGGQQPN NPNNPNPNNP NNPNNPNPRF

451 465
SRPRMYQQGQ ALAMP
NRPRMLQEAD ALA--

271

Fig. 9. Sequence alignment of SM37
and SM50 proteins. Conserved amino
acids are marked in bold (modified
from Lee et al., 1999).

A% SM30L 9] 7 fRA vlng o we wE £XE B
th25% ©l8h). wWEbA, A §4<9 mo) Fgolle M= 4Fo
T2 oz wdge] 93T IS A= Aztd

e BEFEE Zeth ZF B8 @ s F2 Glycine(G),
Proline(P), Glutamine(Q)2-Z 15014 thFig. 9). 19 22 =
B35 wETzE AAY W e oz dEe) FAS
TAske 9d, 3R oluE T3 A, AvES
Tske w5 AFES) AAHAY 52 PR ET &
THE gEdM £33 2ARZ Itk(Shen et al., 1997; Smith
et al., 1999). ol# 3 TRAEoA HHETRE Talds) ghld,
GlA ) geedtE, A o] 2 Alojo] AE 2ol Aode
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