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J ntraduction 

EC 

PM 

Ie 

figure 0.1) Schematic representation of ACE shedding 
After cleavage by the sheddase, the ACE ectodomain is free to d.iffuse into the aqueous 
extraceUular flu.id. Intracellular, (IC); ExtracelluJar, (EC); plasllla membrane (PM), light blue; 
ACE eclodomain, blueJgreen~ juxtamembrane stalk and cytoplasmic tail, black lioe; 
tJaosrnernbrane (1M) domain, blue Jine~ hypothetical ACE shedda.se, ora1\ge/green: the proposed 
recognition by the sheddase, mauve arrows. Stirn\JJation by phorbol ester (e.g. PDBu) is indicated 
WitJl a solid aJTOw, while inhibition by hydroxamate-base jnltibilors (e.g. T API) is shown with a 
red bar. 
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Chapter I: Ectodomain shedding 

C N 
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EO 
cctodomaln 

Ju~amcn'bmnc 

SIalic 

1M 

Ie 

(.) (b) «) Id) 1<) 
cytoplasllUc 

"'" SoIIiJ Ic Typ<1 Typ< D GPI-li.nIcc.:! T)'»< m 

Fig.~ 1.1.1 . 1) Typn ohCloproteiD IOpologies. 
Edoproteins are defined by their orientalion in the plasma membrane. Type I, cleavable sil9,al 
pept ide and C-ttonina' TM; Type II, .-tcltll~ sienal peptide; Type III. cleavable siena' peptide 
..,d multiple tnembrMe-spanning transmemlnne domains (2-24) [Ehlen., 1991 ; Hooper. 1997). N, 
NH1·tcnninus; C. COOH·tf.'fll1illls; GPl. gIYC05ylphosphatidyl inosi tol ; TM, transmembrane; EC. 
t:lltraceUuhltj Ie, inlnloeUular, red arrows, proteolytic eleaV88~ black arrow, J>hospholip1l.'l4: C 
digestion; blue, plasma metnbnlne. 
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Chapl!" ... I: EClodomain shedd ing 

A) 8) 000 

C9C9~ o 0 ~ 0 
0 

00 0p 
0000 ~ f!!> f::::j 0 .. ~ , ~ 

C) o~og... ~ D) fI 
0,C9 .. ~ 

6>~f::::j ... , ~ , 
Figare 1.1.2.1) The vartoll!l efTedlJ o( eclodomain shedding 

Membrane-bound C)(okine ~ can be released rapidly in to the bloodstream 10 al:8le a 
systemic signal hm II pool of ceU-as:soc:illled cy\okine (A). Cleaving the receptors from the ~fa~ 
of cells can dOWll regulate target: cell stimulation resulting in soluble receptors thai can then chelate 
unbound ligand (8). The soluble receplornigand complexes tall further st imulate celb thaI do not 
express the receptor, called trarlSIICliYlltion (C). Cell-rell contact recognition can result in repulsion 
by cleaving the membrane bound ra:eplor or ligand (0). Curved !hick lines indicate cell plasma 
membranes; the red lighlning boll indicates cell stimulatioo, vAlile the sheddase is <nngeJgreen. 

, 



Univ
ers

ity
 of

Cap
e T

ow
n

'"'n ....... ' ..... out 

an 

not """ ..... "''' 

.. .s,........... creates a pruradlox 

et 

is not It 

on a 

state means 

to a 

to occur et ,1 was COlrfOlbot'att::d 

8 



Univ
ers

ity
 of

Cap
e T

ow
n

1 : 

et 

et , 1 

at et 

9 



Univ
ers

ity
 of

Cap
e T

ow
n

1 

are not 

Df(]itealse. nor 

ec1:ooro1:e1I1S on 

or even 

on 

are 

as a 

treatment 

now 

10 



Univ
ers

ity
 of

Cap
e T

ow
n

(A) (B) 

.... 

, 

'Ic- 1.1 .3.1) T_ S' t dd_ .,.iltleon 
The 10 JInJdIn o(!he _' .. JI domain or TACE ;. "- in (A) (I-. red; 6. , blue; 
loopied &0.1 MukOf~ .... I99IJ). The WlibilOr 10 __ c:ocryst.IlliIed" is.al buried in !he 
eMIIl)1icckl\, with Iheh)U"llu" .. 1le bound 10 lhezinc ion (Pd). Themlumn .. (A),jusuiaht of 
omlrc, i1_ lIS. hole in thcpu pa !foil_ riew snow.. in to). whidl is. model oI"the bhI" 
or---... boIIrId 10 TACE(l-L white; 0. rod; N, blue:; bI • magc:ntI; inhibicor,.,--: ICIOpicd 
&om Mou a oJ .• 200 11). Note Ihe deep S,'IInd~' pocteu. The IInImIra ofsheddase inhibit«s 
TAP! (1Cl. I), mlrim .. (B82S 16, 1). bMmastai (8894, J), In(! RoJ271U (4) ___ .. 
(C) fMosl d til., 1991: see m, in Moa.. d 5 ., 200 1; Hoopa- tf oI~ 1991~ The me H-m, 
hydroxamale IJVUP is higlllighlcd in )'dlow. wh ile !he P,' isobuIyl a,roup is hiahliaflted in blue. 
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ErbB-4 

EGF 

A23187 

Serum factors 

ACE 

TNFRI 

ErbB-4 

.TNFRI 

TNFRI 

TNFRI 

TNFRI 

LasA 

FMet-Leu-Phe L-selectin 

CD44 

TNFa. 

IL-6R 

Inhibits TNF a. 

Not PKC or MAPK GHR 

Calmodulin inhibitors 
calmidazolium 

Vecchi et al., 1998 

Subramanian et al., 1997 

Eguchi el al., 2001 

Fitzgerald et al., 2000 

Cabrera et al., 1996 

CHO Beer et al., 1999; 
Gutwein et al., 2000; 
Gechtman etal., 1999 

endothelium Atochina et al., 1997 

A549 Hinoelal., 1999 

NIH-3T3 

HUVEC 

HUVEC 

HUVEC 

HUVEC 

CHO 

Vecchietal., 1998; 
Gutwein et al., 2000; 
Santhamma and Sen, 
2000 

Vecchietal., 1998 

Madge et al., 1999 

Madge et al., 1999 

et al., 1999 

Madge et al., 1999 

Park et al., 2000 

Fan and Derynck, 1999 

Kawano et al., 2000 

Zhang et al., 2000c 

Jones et al., 1999 

factor from Pseudomonas 
mouse 
see Table AI.I. 
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Chapler I: Ectodomaill Shedding 

ACliIlDIO" "j' (;'rro(~i" 
c""rI~ rcc"l'i"'" 
(Gt'CR.,). r<.g. Allg! I 

ER 

CdlulAt sI.-""., 
Lg ""ranlido. 
700 m(),;n, ~"'C I 

l . l0 ·plh:nH11IJlI ,)Jill'!!. 

H) I \. \""i1I1 '''''. 
1111 227' Ilil l lOl. 

I>. I.'f"",,,,1J( (l)l125 r' d, 
IlIIJ,IlN. IIln I I I., 
Ibt;Ill"-":J' (l lIl'H), 

[,.1)-1:\-7.1-1 , 
(,;1 -129,\71 , 

II .. 1 I -'.17'11', 
I, II-II~ In I , 

I ,\1'1. 
,. \PI-2, 
TIMI'-3 

I- G~ni ... kil1 
Tryphoslin . \ ! , 
I>.ldil,12.S 
"ihyrtm.\!cinn"mJI~ 

1'1' 2 

Figu re 1.1.4.1) Signal t ra nsductiorJ pathways and sheddi n2 (cont...) 

NIII"'-:rou,s .I~II Vj1 I or.. or 
1'1.:o.!r"~ I)TO,j1lr..:. k .nil:O:~ 
(ltT!.:s) Grow1h ra~'= 
It.}(uw.) in ,~fUIIIJ r,,:..& CGr:~ 
flIl-H'!'. I'()(',!'. TRAI'. 
I'<ir, 
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cartoon overleaf is an numerous that control ectodomain 
"ll"' ......... .ul'.. As no recent review covers this section of the recent literature in ____ -.____ and the characteristics 
of ectodomain seem to be a cell- and consensus has not been reached. 
This cartoon is an to and should thus be viewed with 

umsP(~ctl.on. In essence that activate either G-
,",V"Ll""" r~~Cet)tOI·s. and those that activate ,.",,...,,,,,,t.,,,. n.'I'n~:lnp. fi .. ' .. ""''', 

lime mentioned 
the RTK and the numerous kinases are all eXlllIll!)leS for ,",,,,'UHIJ""', 

the sheddase is a for TACE/ADAM-17, n ....... v<ullOUU and other unidentified 
sheddases. Arrows indicate while lines indicate inhibition. Abbreviations are found in 
Table AI.I. The MAPK 2001; 
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ChaptCl" I : Ectodomain Sht.-dding 

A) 

P-API"" 

TAW 

Non-amyloidogc:nk; 

r-[ --., =-=-~ diS"''' 
u ADAM· 10 

Ali ICq_t L-________________________________________ '-C'""==n~mcn~nc 

f"".n 1.3.1) Sc:1It: .. tk reprae .... Uo. or APr decrwl.Cioa .. 1td AlUeimtr's disease 
~·APP is cleaved by either the non-amy1oidosenic (u·SCQ'CI.ase) Of amyloidoscnie (IJ-Iy­
JCCfe(ase) pathway, which relClscs the netrotOllic A~ peptide thai causes AI:cheim«'. di_se 
(A). lhe sequence or the j}-APP stalk and 'I'M regions is shown in (3 ). copied from IHooper C/ 

c/., 19971. The 0.-, ~, T-, and &-secretase cleavage sites lU'e indicated by arrows. 
Intrwncmlnnous hydrophobic amino ac ids are indK::.tcd in bold, while the All peptide sequence 
is highlighted in red. TACE, TNFo. convertase; BACE,IlAPP converting er\:l)'IJle (p·sccrdase); 
PSI, Pf'5er\ilin I. a-secrdue, (LarlUnich 1999: Buxbaum d 0/. , 19981; ~teere:We, IHussain d 

uJ., 1999; Van e/ m., 1999; VIlSSII" fi / tI /., 1999: Sinha et m., 1999J; T-secretase.1Li C/ 01., 2000; 
Esler dol., 2OOOJ. 
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Alzheimer's 
Disease 

Neuro-

Cancer 

Influenza HA 

Somatic ACE 

This table diseases 

during axon/axon "'1-"""""',,",". 
'''I:,u'''''''''6 to Delta induces lateral inhibition 

the differentiation of neurons from cells. Kuz 
cleaves Delta and/or Notch. Cleaved Notch is cut PSI -
releases c 0 lasmic tail as transcri tion factor. 
UnknO\iVl1. 

Soluble IL6IIL-6R .... ">!, • ..,.,,, ..... "''' 

cells that do not express 
in 

thrlDuJl;h transactivation. 
Soluble GHRlGHBP stabilises GR. 

Ras activation has been sho\iVl1 to up 
of adhesion cells to 
to metastasis. 

is needed for viral 
ects shed' 

- knockout mice have structural abnormalities 
in the which cannot be rescued a soluble N-
domain. 

in which the ectodomain 
Abbreviations can be found in Al'lpeJndlx 

Black et al., 1997; 
Mossetal., 1997; 

Nielsen et al., 1994 

Selkoe, 1998; 
Sisodia and 

Gallagher, 1998; De 
Strooper and Konig, 
1999; De Strooper, 

2000; 

Pan and Rubin, 
1997; Hattori et al., 

2000; 
Qi et al., 1999 

Steinhusen et ai" 
2001 

Guan el al., 2001 ; 
Fischer el al., 1997; 

Lum el al., 1999; 

Walcheck et al., 
1996 

Gutwein el ai" 2000; 
Alpaugh el al., 2000; 
Bayer-Garner el al., 

2001 

Kawaokaand 
Webster, 1989 

KIege el al., 1995; 
Esther el al., 1997 

a role. 
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Table 1.5.1) I;:h .. dd ... ., ... cleavage sites 
Ectopru Ck .. '"10''' site Distance Sheddase: References: 

( ... PdP,' ... )*: fromTM: 
Type I 

~~s: A~~;, pig) 
PNSAR.J,SEGSL 24 Ml't~lIn. Ehlers et al., 1996 , 

NotTACE 

ACE-JM6.24 PNSAR.J,VGQWL 0 Metallo- Ehlers et al., 1996 

ACE-.TM:l6 GRVSF.J,LGLDL 24 Metallo-
n et al., 1999 

ACE-JMLDL NSHQA.J,LGJ..DVAGR 17115 Metallo- Ehlers et al., 1996 

ACE-JMJGL TSSQA.J,TTSSQ 14 Metallo-
n 

-"" et al., 1999 

Iserine 

ACE-JMEGF LCPDG.J,FQLVA 12 Metallo- Schwager et al., 1998 

ACE-JMfIX YNWTPJ..NSDGD 40 Serine Schwager SLU, in press 

ACE-JMmin23 TPNSLJ..MRCKQ 22 Metallo- Schwager SLU, in press 

TNFRl PQIEN.J,VKJ..GTEDS 10/8 TACE Nophar et al., 1990 

TNFRlI APGAVJ..HLPQP 43 TACE Nophar et al., 1990 

L-selectin QKLDK.J,SFSMI 11 TACE Kahn et al., 1994 

TGF-a ADLLA .J,VVAAS 9 TACE Derynck et al., 1984 

IL-6R SLAVQJ..DSSSV 1 (. '4) TACE? Mullberg et al., 1994 

Folate 1 """PLUI EEvA.,I;RJ..i,J,YAAA -11 Metallo- Elwood et al., 1991 

Amphiregulin RCGEKJ..SMKTH 14 Metallo- Plowman et al., 1992; 
Brown et al., 1998; 
Vecchietal., 1998 

EGF WWELRJ..HAGHG 9 Metallo- Bell et al., 1986; 
Dempsey et al., 1997 

HB-EGF GLSLPJ..VENRL 11 MDC9 Goishi et al., 1995; Izumi 
et al., 1998 

~-APP a-secretase VHHQKJ..LVFFA 12 TACEI Esch et al., 1990; 

ADAM-l 0 
Maruyamaetal., 1991 

~-APP, 19 EEISElVKMDA 12 Metallo-? Maruyama et al., 1991 

~-APPAL613-F616 DSGYE.J,VH.J,HQKAE 1311 1 Metallo-? Zhong et al., 1994 

~-APPAL613-E618 GYEVHJ..HQKDV 9 Metallo-? Zhong et al., 1994 

~-APP n I!':I>. SEVKM.J,DAEFR 28 BACE Masters et al., 1985 

~-APP ,-""'''1'"'''''''"' VGGVV.J,IATVI -12 PSIIPS2 Roher et al., 1993 

CSF-I RQSEGJ..SJ..SPQLQE 817 Metallo Halenbeck et al., 1988; 
Den!! et al., 1996 

KL-l LPPVA,J,ASSLR 25 Serine? Huang et al., 1990; 
Williams et al., 1990 

Typefi 

TNFa PLAQA.J,VRSSS 20 TACE Kriegler et al., 1988 

BlyS SRNKR.J,AVQGP 60 TACE? Moore et al., 1999 

Modified from reviews and Rose-John et 
Rose-John and 01< nomenclature of Schechter and 
1 Metallo- = met:allo1orotease: J, = 12 residues 
from extracellular surface. 

at 

eCl:00rotem to reCOQIl1se 

or 
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A) 

Somatic ACE mRNA 

J\rV\rV\.N-
Testis ACE mRNA 

B) 

Somalic 
ACE 

Tc~lis 
ACE 

SP O-glyCMS 

-JIM SI 

CaliIl}lic domain 

(-082 ID87 

Figure 2.1.2.1) Schematic representation of tbe structure of ACE 

RI20J 

Sl:llk TM CYT 

P62J V6)2 5701 

R617 

The 24-kilobl'lse ACE gene on chromosome 17p2] ;s represented schemalicaliy in (A). Black bars indicate exons J-
27. Two promoters are diITcrcntially aclive; one in somatic cells that transcribes the 4.3 kb ACE:> mRNA (red, 
rSoubrier el al., 1988)), and tile other in sperm th:H codes for the 3.0 kb ACET mRNA (blue. Ehlers el oJ., 1989b]. Tn 
sperm, the cAMP response element mediMor (CREM, pink circle) is necessary ror activation of the sperm-specific 
promoter, by binding to the cAMP response element (CRE. blue square) [Kessler el al .. I 998"J. The relative position 
of the 287 bp lnsertionfDelelion polymorphism in intron 16 is shown [lee et aI., L992]. TIle I ]06-amino acid ACEs 
and 7]2-amino acid ACET peptides, translated from their respect.ive mRNAs, are shown schemalically in (8). Colour 
scheme: sea green, ACEs signal pepLidc; red, N-dolTUlin; light green, interdomain 'bridge'; dark blue, C-domain; 
yellow, juxtamembrane stalk region; black. TM; white, cytoplasmic tai I; mauve, ACET signal pepLide; light blue, N­
tenninal ]6-aa O-glycosylated region; medium blue. catalytic site zinc-binding motif [H}{EMGHJ. TIle ACE 
sheddase cleavage site is indicated with a red arrow, at Arg627/Arg120] for ACET and ACEs, respectively 
[Woodman el 01., 2000]. Known disulphide linkages are shown WiUl a jagged line, while the single reduced cysteine 
is shown with a short line (Sturrock el 01., 1996]. N- and O-linked glycosylaLion sites are indicated with green or blue 
side-chains, respectively_ The potenLial N-glycosylalion site Utal was found not to be glycosylated is shown with a 
white side-c hai n [Y u e I 01., 1997]. 
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Huma n ACE I' 
Chimp ACET 

Rabbit ACE r 
t-Io us e ACE1 

Ra t Cda m 
Bovine edom 
Chi c k Cdom 
Human Ndom 
Cl limp Nd om 
Rabbit Ndolll 
Mouse Ndom 
Rat Ndom 
Bovine Ndom 
Chick Ndom 
Dros AnCE 
Bu::falo fly 
SiH:worm 
Dras ACEr 
Tick 
Human ACEH 

113(.1 IIJ(;S 
1195? 11%) 

E.1~,} 

E'> ~7 

j).1?1 

Figure 2.1.4.1) The ACE catalytic site compared (different s~ies/domains) 

416 
417 
420 
1}15 
992 
992 
9 1 9 
394 
399 
394 
394 
J94 
394 
321 
382 
38 3 
386 
386 
3 9 1 
390 

The full-length (precursor) ACE sequences of different species are compared at the ]jnc­

mctaJloprotease cataly1ic site. The conservaLion around lbe catalytic site is particularly noticeable 
wilh the vertebrate consensus reg.ion being [HllEMGH(rN)QYXXQy) and [ANPGFHEAIGD]. 
Teslicular or Codomain sequences are labelled in blue, while N-domlli n sequences are labelled in 
red. Alignment performed using LYlU10n BioSoft DNAMAN using sequences listed in Appendix 
1 II, and numbered accordingly on righL Black. pillk. blue and yellow higWighted regions refer to 
1000/0, >= 750/0, >= 50%, and >= 35% identity respectively. Common names are used for specres; 
see Table (2.1.2) for names. Ndom, ACE N-domain from M 1 to MIS; Cdom, ACE C-domain 
from D616 to the COOH-terminus; Dros, Drosophila. Note that chicken ACE is only a partial 
sequence, and does not sta rt from the N-term i nus. Note also 1 hat the catalytic HHEM GH mOl if is 
hlgWy conserved. The caLalylic site residues wh.ich were mutated by Corvo! e( 01 (mature ACE$ 
numbering used) are indicated WiHl the arrow [Wei ef af., 1991; Williams ef 01., 1994]. 
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Human ACE·, 

ChimD ACE:~ 

1--__ Ra.bbit ACE T 

,...-----1 
L..-___ Bovine C-domain 

Mouse ACE T 

Rat c-domain 

L..-------Chicken C-domain 

,....---- Drosophila l\nel': 

L..----Buffalo fly ACE 

L..-__________ D.rosophi 1a ACE r 

L..------------------Silkwonn ACE 

L..-----------------Tick AC~ 

L..-----------------Human Ac~2/AceH 

L..-____ Chicke n Ndom 

Mouse Ndom 

Rat Ndom 

Human Ndom 

Chimp Ndom 

Rabbit Ndom 

Bovine Ndom 

Figure 2.1.6.1) The ACE phylogenetic tree 
This unrooted phylogenetic tree was generated using the ACE homologue sequences shown in 
Appendix nJ. Scale is in arbitrary branch length units. References: Human ACES [S<lubriec el 01., 
1988); Human ACET [Ehlers el 01., 1989; Lattion el al., 1989J; Human ACEHlACE2 [Tipnis el 
al., 2000; Donogh ue el al., 2000; Suzuki Y, unpubl ish ed: J; Chimpanzee (Du four el aI., 2000 I; 
COW [Shai el aI., 1992]; Rat [Tatei elol., 19951; Mouse [Bernstein el 01., 1988]; Rabbit ACE 
[Kumar el al., 1991]; Chicken [Esther, Jr. el al., 1994b]; Drosophila [Com ell el aI., 1995; Tatei 
el 01., 1995]; Buffalo Fly ACET [Wijffels el aI., 1996J; Silkworm [Quan el oJ .• 2001]. Note that 
the chicken ACE sequence is only a partial cDNA clone. 
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"'r;:::;l t::J 

---

~ k:ininog<."fI 

Tonin 
Cmh.:psin 0 

loocascd N,,' 
reI Cfli,o n by 

kidneY' 

t 

-------------- -.... 
................... " \, i AT, (~dreMI) .... 

His-ull " \ • 
cP \.\ Ii 

.I • '!,r_ i ./ 
(acliv.:l AT, (viiSCLIbr) 

Ang! t 
ACE 

~ 
~ 

t 
11IC'r~~",<i 

ToLll IXfi pIl<!f!Il 
rc~islanl""'; 

V.=ub, 'm<>Olh 
nlll~l\! CQt\lrfh.:tiOI1 

F._x" ~ ~'-... eo • " v3S(1dil~tion --~'I~ lIwdykinin 
(Vasodilator) 

In~cti\le 
8radykinin 

Figure 2.2.1) The Renin-Angiotensin Aldosterone (RAAS) system 
Activation is indicated with solid, slraiglll arrows. Increased e"l'ression is indicated with jagged arrows. The 
dashed arrows i ndicale the allernalivc, rerun- andJor ACE-independent conversion of angiorensinogen Lo 
Angl!, 
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A) 

cb~ ~ d Fertile 

9 Fertile 
B) 

cb~ d Fertile 

9 Fertile -I-
e) 0 d Infertile 

c=::>~ 9 Fertile 
D) ~ 0 d Infertile 

C ::> ~ .. 9 Fertile 
Inc r:o rcn ~ I 

E) 

~ 
.n .. try 

0 

C ~ .. d Fertile 

9 Fertile 

=>l If) 
0 d Infertile C .. 9 Fertile 

Key: 
Q = ACE N«>main ~ = Sperm 

= ACE C-domain C ~ = Somatic cells 

0 = Angioteoslnogen 

Figure 2.3.1) ACE and fertiliry 
The genotypes of different transgenic m ice are indicated as exp4"essing angiotensinogen. ACET, ACEs 
or combinations thereof, expressed either in somatic cells or the sperm in these mouse strains. The 
wi/d.-type geno~e, .showing. normal renal d~velopment, and fertility is shown in (A): whi~e the 
anglOIensinogen mIce (8) dIe shortly alter btrth, have reduced blood pressure, show lhlckenmg of 
the inlTarenal arterial wall (section shown on right) and thin, atrophied renal cortex, while remairling 
fertile [Tan.imoco el 01., 1994; IGm et 01., 1995]. The Ace·l- knockout (KO) mouse (C) shows similar 
renal abnormalities, but also shows male in ferti lity [Keege el oJ., 1995] which COU Id no( be rescued by 
the systemic expression of a S<l\uble ACE N-domain (D) [Esther el al., 1997], Of the sperm-specific 
expression of ACEs (F) [Kessler eJ 01.,2000]. Fertility was, however, restored with the sperm-specific 
expression of ACE,- (E) [Hagaman el a/., I 998~ Ramaraj el oJ., 1998]_ 

64 



Univ
ers

ity
 of

Cap
e T

ow
n

not 

to 

is 

acts as a 

or to 

cOlnte:xt, or wrletller it acts 

tract. 

acts nOln-enz'VID 

or zona 

1 context it is intc;::re!,tin 

zona "'_.'~"""~'''' 

or 

et 

restore 

a '''''''''L'''--U'''''''' u ......... F, 

zona 

Ul1:zatLon to 

l ........ ,E,"""UJ ..... et ,1 

cannot act as a 

acts on an as 

not 

is 

to 

comes 

acrosome 

IS 

a 

to 

one 

65 



Univ
ers

ity
 of

Cap
e T

ow
n

recent "'-H\..I"'J .... \..I' ..... 

is not 

et 

structure to 

not co11talO 

66 



Univ
ers

ity
 of

Cap
e T

ow
n

Chapter 2: ACE 

Human ACEt 
Rabbit ACEt 
Mouse ACEt 
Human Ndom 
Bovine Ndom 
Rabbit Ndom 
Rat Ndom 
Mouse Ndom 
Hum ACEH 

Human ACEt 
Rabbit ACEt 
Mouse ACEt 
Human Ndom 
Bovine Ndom 
Rabbit Ndom 
Rat Ndom 
Mouse Ndom 
Hwn ACEH 
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Figure 2.3.2) Tbe O-gIyCO$ylated N-termieal regioD of testis ACE 

9 
9 
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11 
7 
5 
5 
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43 
4S 

42 
16 
16 
16 
13 
13 
7 

The N-tenninal regioos of human, rabbit and mouse ACEy (blue labels) are compared 10 the 
somatic forms of human, rabbit, mouse, bovine and rat ACEs (red labels). The ACE homologue 
ACEWACE2 is also compaTed, The ACEr signal peptide is shown in mauve, with the signal 
peptidase cleavage site indicated by an arrow. The beginning of Ule ACE domain UOEA .. . J, N­
and C.domains) is highlighted in red. The high ly O-glycosyla ted N-terminal region on ACET is 
highlighted in blue. with Ser and Thr residues (attachment sites fur O-glycosylalion) highlighted 
in green. Note the relative paucity of possible O-glycosylation sites in the region downstream of 
!he signa l peptide ofsoma\ic ACE. Fuji sequences are in Appendix III. 
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a .... ' ... ro't .. rI from 140kDa human 
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'rescued' with soluble form of ACE N-

Mendelsohn Ell al., 
1982 

Yotsumoto et al., 1983 

Ramchandran el al., 
1994 

J aspard Ell al., 1993 

Krege Ell al., 1995 

Ramchandran and 
Sen, 1995 

Ehlers el al., 1996 

Sadhukhan et al., 1996 

l.Il'''''''''''-'.I115 ,,,,,.,,,,1'<1"1'''' of Esther el al., 1997 

inhibitors and needs substrate ACE 
:>UI:OUWil>I:O, used in cell-free Parvathy el al .• 1997 

IisinOl)ril-seprulro!>e-~;tal)m::;ed substrate Sadhukhan el al., 1999 
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Human Ndom YPEGIDLVT,DEA •• - , •.••.• - - •• - .•. - - . - ... - •. 
Chimp Ndom ~PEGIDLWDEA ............ - - .. - ......... , . 
Rabbi t Ndom ~E$GID1NTDEA ••. , ..•...•. - •... - - ........ . 
Mouse Ndom iPEGIDLETD~_._._._ ......... _ .......... . 
Rat Ndom ~~IDLETDBA_ - •.•.. - ...• - •.. - .........• -
Bovine Ndom ~PEGIDDVSDEDEAR._. __ .• __ .••. _ .........•• 

\' I ;, 
!,>1<'1 

Human ACE ,· LGLSQRIlFSIRHR. ~HRHSHGPQE'GS 
Chimp ACE, LG:clSQRIJFSIRHR. ~RHSHGPQFbsEVELRH 
Rabbi t ACE, ~TQRDFstRYQ.~QPHHGPQFGSEVELRH 
Mouse ACET ~YNIRNH!iSI.fRPHRGPQFGSEVELRH 
Ra t Cdom V~YNIlfNl{}{s:LRRPHRGPQFGSEV~,"_ 
Bov i ne Cdom LGLTQfUJFSIRHH. SLRGPHRGPQFGsEVELRH 

Figure 2.4.1) Comparison of all mammalian ACE juxtamembrane stalks 
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632 
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667 
1244 
1244 
618 
618 
618 
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618 
621 

701 
702 
70 5 
701 
1278 
1277 

The primary sequences of both the N-doroain (in red) and C-domain (in blue) of ACE 
molecules from different mammalian species Me compared. Note that the laSt conserved 
amino acid betweto the N- and 'C'-domains Me Pm and Pro) for human testis and soroaLic 
ACE respectively. Note also thai the 'bridge' region between the two domains in ACEs 
(indicaLed by a red bar) spans P602 thru T6l}, with the C-domain sLa.rti.ng at D6)6. Curiously, 
the last 13 amino acids of aU mammalian ACE molecules are highly conserved. Alignment 
performed using Lynnon BioSoft DNAMAN using sequences lisled .in Appendix ill. Black, 
pink., blue and yeUow highlighted regions refer to 100%, >= 75%, >= 50%, and >= 35% 
identity respectively. The trn.nsmembnme region is indicated with a black ba.r. The buman 
ACEr sheddase cleavage site is indicated with a red arrow. 
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Chapter J: Materials and Methods 

Ben 

~Of 
/ 5'-~ide 

&n 

1 

1 

NIH! Ben 

ACE-dXfor 

AC E-ll.X rev 

1 
peR of 
)' side 

T~i. 

ACE 

----- ...... 1 ____ ------'--..,1 Ii--

Mix, 'zipper' PCR using 
ACE-MP2JACE-MPJ primers 

I I 

CIa 1 

Clone into pBS with Bomfn/C1oI, 
sequence in both directions. twice. 

Transfonn into JM 110 E. coli, 
clone into pLEN-ACE with Bell/CIa!. 

ACE-dX 

Figure 3.1.1.1) Construction oflhe pLEN-ACE deletion mutants 
A schematic repn:.sentation of the human testis eDNA ACE gene in pLEN-ACEVII is shown, 
with the edodomain in red, the stalk region yellow, the TM in black and U\e cytoplasmic tail in 
white and the sheddase cleavage site indicated by a red arrow. The 5' and 3' regions flanking the 
region to be deleted (hatched) were PCR ampli fled using pairs of primers designed to generate 
overlapping hybrid sequences. The products were mixed and re-arnplified using the outside 
primers (ACE-MP2 and ACE-MPJ) to generate a recombinant sequence from which different 
sedions of the stalk regjon are deletell. The 'zippered' PCR product was then restriction digested 
wiih both Bamffi and Clal, and ligated into similarly digested pBS (Strntagene), and 
tnllad"onned into XL I Blue Escherichia coli (Strat.agene). lnser1-conlaining vectors were 
identifiell using the miniprep DNA extraction method 8Jld restrictioo mapping. DNA was then 
extracted using the MIDI DNA extraction kit (Qiagen) 9Jld 5ei(uenced in both directions using 
SequlTherm Cycle Sequeodog (Epicenlre), and again con finn 00 using the ALFnpress DNA 
Automated Sequeocel" (APBiOlech). To facilitate digestion with the methylation sensitive Bell 
site, the insert-coo.t.aining vector was transformed into the methylalioo negative 1M I 10 E. coli 
(ATCC), isolated and cloned into pLEN-ACEVlI using Bell and Clal digestions. The final vector 
was then identified using restriction mapping. 
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Chapter J: Material and Methods 

USlnopril 
scphar~ 

1

1690 ijl!z 

il, _ I t 

Cdc.. COa) 

1907.04 
1777.93 
1690_95 
1534.66 
1463.58 

LGW llQ _______ ._T II N SAAS E 
LGW llQ_, . __ .... T E' N SARS 
LGWPQ _________ i'PNSAR 

LGW E'Q_ .... ____ T E' N SA t 
LGW llQ_ .. ______ T E' N S 

Soluble, released, ACE was affinily-purified from culture 
medium using a sepharose-28-lismopril affinity column_ 

Purified ACE was reduced, vinylpyridine protected, 
'cleaned' using Cs HPLC and digested wiUt Lys-C or 
CNBr. 

Peptides were separated using ell HPLC and fractions 
collected for each peak. 

nle COOH-tenninal peptide was found by N-lem'UnaJ. 
sequencing using the Edman degrndation method_ 

MALDI-TOF mass spectroscopy analysis of the COOH­
terminal peptide revealed its exact mass (mlz)_ 

'The cleavage site was thus identified by comparison wilh 
the hypothetical masses for C-terminal peptides derived 
from aU possible cleavage sites_ 

Figure 3.5.1) A Schemattc representation oftbe c~age site determination protocol 
ACE,- (blue/green) binds Ule affinity col.ullUl thru the /]sinopril ligand (purple), which is in tum 
bound covalently to sepharose beads (orange)_ Encklproteinase (Lys-C) cleavage sites are 
represented by black arrows_ Thesheddase cleavage site is indicated with a red arrow_ 
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Chapter 4: The Juxtamembrane Region 

ACE 
catalyfic 
domain 

A CE-JM .. M 7 

ACE-JMa17 

------- --- --'It------nJ.t.J 

Figure 4.1) The ACE deletion mutants 

ACEA36N-wt 

ACEA61E 

ACE-Al6JM 

ACE-AIIJM 

AC'E-A6JM 

A CE-AR627 

ACE-a5JM 

ACEACYT 

Schematic representation of ACE showing the deletion mutants analysed in this thesis. The ACE 
catalytic domain is blue/green while the plasma membrane is lig/lt blue. The major sheddasc 
cleavage site is shown with a large red arrow, while alternative cleavage sites are shown with 
smaller arrows. The 5' O-gJycosylated region is shown with _blue circles, while the 7*' putative N­
glycosylation site, which is un glycosyJ a ted in wtACE, is shown with open" circles .. Numbering is 
for mature human testis ACE [Ehlers el oJ .. , 19891. Mutants ACE-lML7, -JM24 and -JM47 were 
constructed and analysed previously [Ehlers et 01.., 1996]. 
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Chapter 4: The luxtamembrane Region 

4.1) The 'headroom' 

As large deletions of the ACE stalk region between the sheddase cleavage site and the 

transmembrane domain did not abolish shedding [EWers el aI., 1996], it seemed likely 

that the 'headroom' region between the ACE ectodomain and the sheddase cleavage 

site might playa role in ectodomain shedding. We therefore deleted 6, 11 and 16 

amino acids from the stalk region of human testis ACE, thereby removing the 

peptides WTPNSA, WPQYNWfPNSA and TENELHGEKLGWPQYN respectively, 

as shown in Table 4.1.1. Furthennore, these 'headroom' deletions would bring the 

proximal ectodomain closer to the wtACE cleavage site, which may stericaUy hinder 

the sheddase from accessing its favoured cleavage site, namely the R-<.27JS628 bond. 

Interestingly, a Pl199L mutation in the stalk region of somatic ACE has recently been 

shown to increased shedding and thus elevate the plasma ACE levels of three 

unrelated individuals [Eyries et al., 2001]. This proline, equivalent to P 623 in testis 

ACE, is the last completely conserved amino acid in both domains of numerous ACE 

homologues and was deleted in the ACE-Ll6JM and ACE-LlI1JM mutants (see Table 

4.1.1). 

The amino add sequence of the stalk. region of human testis ACE, from W~2 to L657 , and mutations thereof, are 
shown. The rransmembrane domain and proximal ectodomain are highlighted in blue and yellow respectively. The 
putative TM domain suggested by Soubrier is underlined (Soubrier el 01., J 988). Cleavage sites are indicated with an 
arrow and distance from tbe TM shown on rhe right. The cleavage sites and Shedding characteristics of wtACE, 
ACE-JM617, -1ML\24 and -.JMl147 are published previously [Ehlers el aI., 1996], as is that of ACE·MJM [Schwager 
el 01., 1999]. The N-glycosylation site created by the deletion of6 amino acids in the ACE-MJM mutant is shown in 
bold, as is the seventh putative glycosylation site in human testis ACE, which is not glycosylated in wtACE [Yu el 
al., 1997]. The last lysine in the sequence of human ACE,- is highlighted in green. The PrO l199LeU mutation found by 
Eyries el ai. to elevate the shedding of ACE is highlighted in purple [Eyries el aI., 2001]. 
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Figure 4.1.1.1) The sbeddiDg ofwtACE - effect ofPDBu and TAP. over 8 boul'll 
CHO-K I cells transfectod with pLEN-ACEVll were grown to COf\flueoce in 6-well dishes and 
ACE expression inruccd overnight using I ml induction medium. At zmJ lime the medium was 
replaced with I ml &esh induction mediwn supplemented with ciihCJ" IlOIhing (blue), I J.lM POSu 
<red) or 10 j.lM TAPI (dark blue). At the indicaJ:ed times che mediwn was retained and the cells 
lysed using Triton lysis buffer. ACE adivily of the mediwn (A) and cell extrad (8) was 
determined using the HI-ll.. assay. The percentage soluble ACE in (C) is determined by dividing 
the soluble activity by the total ACE activity in the well (cell plus medium) [D'"'4). 
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Figure 4.1.1.2) The sltedding of ACE-~6JM - e1Tect of PDBu and TAPI over 8 bours 
CHO-K I cells Iransfected with pLEN-ACE-L\6JM were grown 10 con fluence in 6-well dishes and 
the 8h.r shedding kinetics assay performed as described in Fig. 4.1.1.1, using induction medium 
supplemented with either nothing (blue), I J.tM PDBu (rcd) or 10 11M T API (dark blue). ACE 
activity of tile medium (A) and cell extract (8) was determined using lhe HHL assay, with the 
percentage soluble ACE at each lime-point shown in (C) [n=2]. 
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(A) wtACE 

+ pnorbol +TAPI 

8-~· 
o .5 2 4 

"0 
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(B) ACE-6.6JM 
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Figure 4.1.1.3) Metabolic 'abelling and pulse-cbase analysis of wtACE and ACE-6.6JM 
CHO cells expressing either MACE (A) or ACE-.MlM (B) were grown 10 confluence in 6-well 
dishes and starved for 30 minules in 'starvation medium' prior to metabolically labelling with 
starvation medium supplemented with eSSj-methlonine and eSS1-cysteine for 30 minutes. The 
cells were then washed and 'chased' in fresh induction medium for up to 10 hours as described in 
Chapler 3, The 'chase' medium was supplemented with nothing (left panels), 1 ).1M PDBu 
(middle) or 10).IM TAPI (right), The TAPl inhibition study was omitted in (B). Al the indicated 
times, cell lysate (cell) and medium (so-!) samples were affinity-precipitated with lisinopril­
(2SA)-sepharose, subjected to SDS-PAGE and aUloradiographed. Estimated molecular masses (in 
kDa) of the major bands are shown on the right. 
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(A) ACE shedding over 4 hours - COS1 cells 
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(B) Percentage ACE released from COS1 cells 
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Figure 4.1.1.4) Traosieot transfectioo of COS! cells aod the shedding of ACE 
COS I cells grown to confluence in l2-welt 4 cm2 dishes were transiently transfected with 2.5 j.l.g 
of either pLEN-ACEVII ,(wtACE) or pLEN-ACE-a61M (ACE-d6), -a I I 1M (ACE-dll) or -
Ill6JM (ACE-d 16) mutant construct plasmid DNA, as described in Chapter 3. After 44 hours the 
medium was replaced with fresh culture medium [10010 FCS, 40 j.I.M ZIlCh in DMEM] 
supplemented with either nothing (-), lj.1M PDBu (+P), to j.i.M TAPI (+T) or 200 (.1M DCI (+D). 
After 4 hours of incubation at 37°C, 5% C02" humidified.., the medium (sol) and cell-extract (cell) 
samples were assayed for HHL activity and converted to mU ACE per ml (A), and the soluble 
ACE acti vity expressed as a percentage of the total (cell-associated p Ius soluble) ACE (B). 
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Table 4.1.1.1) CaJculated [M+HI+ ions for putative COOH-termillal ACE-~6JM peptides 
Calc. [M+Hr COOH-termioal ACE-~6JM ()C~tide 

2762.03 LG~YDRSEGPLPDSGRVS LGLD 
2646.94 LGWPQYDRSEGPLPDSGRVS LGL 
2533.78 LGWPQYDRSEGPLPDSGRVS LG 
2476.73 LGWPQYDRSEGPLPDSGRVS ~ 
2363.57 LGWPQYDRSEGPLPDSGRVS 
22[6.39 LGWPQYDRSEGPLPDSGRVS 
2129.32 LG~YDRSEGPLPDSGRV 
2030.18 LGWPQYDRSEGPLPDSGR 
[874.00 LGWPQYDRSEGPLPDSG 

The peptide molecular ions of all possible deglycosylated COOH-terminal peptides for Lys-C digested 
ACE-/16JM were calculated, and those in the relevant region shown here. Note that N620 has changed 
to an aspartic acid (highligllted in yellow) after N-glycosidase F treatment. The phenylalanine at which 
the ACE sheddase has cleaved ACE-/16JM is highlighted in blue. Notice the close agreement between 
the calrulated [M+Hf ioo for this peptide and that found experimentally for the deglycosylated COOH­
teoninal peptide (mlz 2363.4). 

The products from N-glycosidase F treatment were also analysed using MALDI-TOF 

analysis, prior to re-purification of the deglycosylated peptide. The peptide accounted 

for the mJz 2363.7 peak, with secondary peaks containing either 1 or 2 sodium ions 

(Fig. 4. J. J .5b). Another minor peak appeared at mlz 1770.4, which may have been 

due to the complete oligosaccharide that was removed through N-glycosidase F 

treatment. A search of the www.GlycoSuite.com database [Proteome Systems, Ltd.] 

of known glycan structures using the mass of the released oligosaccharide revealed 

four completely different structures all having the same monoisotopic mass 

(1770.6552 Da), the structures of which are shown in Fig. 4.1.1.6. In addition, an 

oligosaccharide with mass 1769.6 Da was found previously to fonn the basic structure 

oftbe other six N-linked oligosaccharides found in ACET {Yu el aI., 1997]. A putative 

glycan structure woukl also have to take into account the sialic acid that is 

incorporated into the mlz 4421 .4 glycopeptide peak seen in Fig. 4.1.1.5a. 

"The combinatorial variation in possible glycan structures thus precluded any hope of 

defining the exact structtrre without further oligosaccharide sequencing, which was 

outside of the scope of this thesis. It was, however, clear that a large N-glycan 

oligosaccharide was covalently linked to N620, an asparagine that was usually not 

glycosyIated in wild-type human testis ACE [Yu el aI., 1997]. This implied that the 

N-glycosyJ transferases responsible for glycosyJating this potential N-linked 

glycosylation sequon, 32 amino acids from the transmembrane domain, are not 
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(C) 
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,_~--, ... Od - f &l-.::bt- 3 r.al bt - 4 C1c:Mc td.- ' _~--, _Od-fCJ_b1-~ Gl ctMla 

Fi&_n 4.1. 1.6) P_talive ely tan SIrvc:lurn 
A .... dI or lhe OlycoSuile.oom database (h«p;llwww.SIYC05Uilu :orn/query) revealed bK N­
linked stnIClu"es ~1a1 in3 10 a monoi~opic rna" of 177Q.6jn DI, which t losely maldles 1IIa1 
found releuod by N·Slyoosidasc F tn:«tmml o( the purified COOH-tmninl l Lys-C digested 
peplMX or ACE-A6JM. (A) WI$ fuund atiadwd 10 boIh recombinant tnv prO(etn gpl2() 
expressed in CHO cells (KuSler ( I /II., 1997), and hwnan elastase I (Wmdorr eI 01., 1991). (8) 
WI$ isolated from the mouse brain protein l8lucin-R (Zarnze I I 01., 1999), wll ile boIh (C) and 
(0) 'o\Itte ~aled hm unknown proIeins in human IIine IMidlal5ki f!f al., 1991). Gal, 
GaIIClO5e; Puc, FIlCOSt; Mall, Mannose: OltNAe, N-aodylgalac::105amine. 
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Chapter 4: The Juxtamembrane region 

(A) (8) 
oACE-d11JM a% sol 

"" 
=40t----
~ 
~30 t---1~----~_--~T~ 

380 1----, 

§ 80 t--+--
« 11 

4( 2.0 t-f----I 
" • 

~40 
= 
i 
"$.20 

, 
41..- · 41..- tf' 41..- +T <lhr- 41..- 'P 4hr.T 4hr _ 4hr+P 4hr.T 

mad mad .... d cel ce'l eel 

Figure ".1.2.1) The shedding o( AC"[-AII.lM - elJed ofPDl1u and T API over" hours 
CHO-K I celis transrected with pl.EN-ACE-~ 111M wero grown to confluence in 6-~1I 9.5 em' 
dishes, ACE expressiOl1 induced overnight, fuUowed by a .. hour incuootion with fresh induction 
medium supplemented with nothing (-). I j.lM POilu (+P) or 10 JIM TAPI ('"T). After" hours th e 
medium (med) and cell_tract (cell) samples were assayed for ACE aclivity using the HHl 
assay (A). The percmtage of soluble ACE-.o.IIIM in tile medium I"r.K1ion after 4 hours (S) was 
determined Il)I dividing the soluble activity by the total AC[; activity in the well (cell plus 
medium) In~71. 

(A) ACE-AIIJM tell ~, ~, ~ ~ .. • •• •• .. om •• .. MO' 
<-, ('1') <>n (+1') (+1) (<<>1) 

17J c::::> 
III c::::> 
!(I c::::> '-- ....... ... 

(8) "'tACE m e:> 
,,,e:>_ •• • -~e:> 

Figure 4.1.2.1) Wucera blot iIIulysb or ACE-.o.IIJM 
The "-hour cellular (cells) and medium (sol) samples in Fig. 4.1.21 (A) went further analysed 
using Wcstem blotting. 24 j.l1 oflhe 1000 j.l1 samples frOln tile cooAuml, induced 6-well dim was 
separnted through a 10% SDS-PAGE gel. blooed onto nilrocellulose and probed using a 1:2000 
dilution of rabbi I anti-human ACE poIyclonal antibody followed by a 1:2000 dilution of an anti­
rabbit HRP-oonjugated antibody. Pa-oxidase adivity was detected using the ECl 
dlemihunineso;ence kit [A.P8iote<:h]. The Western biOI for wtACE _lysed under the same 
oonditiOl1s is shown in (8) fOr comparison. Note the releaseofshed wtACE in lIle medium all« 4 
hours ofphorool ester stimulation (,"P), IIItd the almost complete inhibition of shedding by TAPI 
(+1). The absence of bands in the Ohr mediwn lane indicates specificity of the anti-ACE 
antibody. The soluble ACE-.1IIJM protein was below the detedion limit for this anti-ACE 
antibody. GibooBRL BenchMark prt-Mained protein ladder siu marker posiliOll$ are indicated 
with f!1CY arrows, the size of each shown in kDa. Purified .soluble \\tACE protein (25n8) was 
loaded in the laS! lane as a size marker ~ ~ ACE. 
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Chapter 4: The Juxtamernbrane region 

E xtraceUul1lr IotraceUuJar 

CHa 

ACE-LlIIJM 

ACE-Ll16JM 

wtACE 

Figure 4.1.2.3) Confoca1 microscopy oftransfeded CRO cells 
CHO cells expressing wtACE, ACE-61IJM or ACE-616JM were grown on coverslips, fixed 
with 3% PFA (extracellular), or additionally penneabHised with methanol (intracellular). ACE 
protein was probed, and anti-ACE antibodies probed with a FITC-conjugated antibody. FITC 
label (green) was detected using confocal microsC()py. The DNA-intercalating propidiwn iodide 
stain (red) was used to verify that cells (nuclei) were indeed present when no fITC was detected. 
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(A) AC[·4.16JM ~ '" '" W W W ~ 

•• " •• .. •• •• ~ ... , .. loT) ''" ,·n ,u, 

III 0::::> -- --... 
(II) .. tA CE 

171 c::::> 

''' ..... • -""* 

.... ~re 4. 1..].1 ) Wflt, .. '-lot ...... ys .. of ACW I6JM 
COO cell. ClIptess;"1I ejlh~ ACE.-tol6JM (A) Of ""ACE (B) wen: subjccled \0 1M Jam, .·hour 
thcd4i1l8 kU>etQ Iludy 11"1 which ooIJI were ilw:uboted b". hOln .,..jjh h.h C\lllIft medium 
-..ppicrnOllted wilh nOltIIlI, (.). I 11M POu.. ( .. P) Of 10 I'M TAPt (0 T). The ccllula. (""II) and 
med' ..... (sol) samples ..... c Il/I.rysrd 1Ili", We.lmt bIonlll8 10 pobe 100 ACE ptOl .... , as 
dQcribcd. The .. oI"'ulllJ masMS of Ihe Ber,,;h MlJk pettlin"" llIarker art indicaled in Iht Id, in 
kDa. IIoc poaitiorl of whidl il indicalod b1IM RJ"Y lIIfTows. Purillod soluble ""ACE _ Io-dad In 

the lui rlllt ... lia .....u.- iJr the soluble bl1I of ACE. Holt tile mapldt Ibslena: of any.tled 
(iIOlublt) ACE·4.J 6JM p<0Irin in (A) and the rloCk of the ","run: fc>n:E> in !he odkxtraCl .oampIeI. 
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C hapter 4 : The JUKtameOlbrane reg ion 

ACE-6R627 Extracellular la.racellular 

MACE 

Figure 4.2.1.3) Co.focal microscopy ofCHO celk - ACE-~627 aad wtACE 
Transfected CHO cells grown on coverslips were fixed with 3% PF'A (extracellular). or 
additionally penneabilised with ice<old methanol (intracellular). ACE protein was probed with 
rabbit Bnti-ACE antibodies, which was subsequently probed with a nrC·conjugated anri·rabbit 
antibody and the FITC laber (green) detected using confocal microscopy. The propidiwn iodide 
Slam was omitted for clarity as it obscures the faint FITC signal seen on the surface of ACE· 
6R627·transfected CHO cells. The same intensity setting was used for all pictures, allowing 
semi-quanlilative comparison . 
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Chapter 4: The Juxtamembrane Region 

I. 
[307 78 

1500 2000 

• .... SGR,VSF 

~ 

20 
3075.92 

21 
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2500 3000 
Mass (m/z) 

Figur. 4.2.1.4) MALDI-TOF analysis of ACE-.lli627 

ACE-I1R627 

3500 4000 

Denatured, reduced and vinylpyridine-protected, purified ACE-6R627 was digested with endoproteinase Lys-C, and 
the mixed peptides subjected to MALDJ-TOF analysis. Numerous mlz masses related closely to the calculated masses 
for expected peptides produced through Lys-C digestion of soluble ACE (red numbers). However, two did not relate 
to known peptide masses (shown in blue), but instead matched the calculated lM+H] ~ sizes of COOH-Ierminal 
peptides ending in R637 (2530.7) and F640 (2864.1). Thus ACE-6R627 is cleaved at the R637N638 and F6401L641 
bonds (shown with red arrows). 
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Chapter 4: The Juxtamembrane Region 

numerous site-d.irected mutations were tolerated, as shown in Table 4.3.1 . I, such that 

a vague 'consensus sequence' (PPPEQ] could be postulated. (f one then examines the 

side chains of these residues, and equates proline with lellcine (non-polar), aspartic 

acid with glutamic acids (negatively charged), and serine with glutamine (uncharged 

poJar side chains), then one could envisage that the region [PLPDS] in wtACE may be 

compatible with the 'consensus sequence' [PPPEQ] found for CSF-l. As this region 

is also three amino acids C-terminalto the cleavage site, and adjacent to the TM in the 

ACE-~17 mutant, it seemed plausible that this may serve as a putative sheddase 

recognition motif. To examine this possibility, the region [PLPDS} was deleted from 

the ACE stalk and the proteolytic cleavage-release of this mutant was examined. 

The amino acid sequence of human testis ACE including the stalk region ~IrQ(54) and mutations thereof are 
shown. The transmembrane domain and proximal ectodomain are highlighted in blue and yellow respectively. 
Cleavage sites are shown with arrows. The putative TM domain for ACE suggested by Soubrjer et 01 is underlined 
[Sou brier el al., I 988J. The start of the 1M found for CSF_1 2

S<. using TMPred is shown in bold. Cleavage sites are 
indicated with an arrow, and distance from TM (Dist.) are shown. Cleavage efficiency (Effie.) is indicated on a 
relative scale where +++++ is extremely fast shedding, and ± indicates 2-10010 shedding. Shedding efficiency for 
ACE is measured after cells were incubated for 4 hrs with 1 IJM PDBu, wh.ile that for CSF-I 256 is after 3 hrs 
incubatioo with 0.5 [.JM PMA [Deng el a/., 1996]. ('1') Relative shedding orCSF_1256_~ 150-156 vs. CSF-I2S6-~ 161-
165 ooly apparent after tunicamyein treatment. (0/) The approximate cleavage sites for CSF-I 256 were estimated 
using SDS-PAGE gels [Deng et 01., 1998]. 
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Chapter 4: The Juxtamembranc Region 
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Figure 4.3.1.1) The sbedding of ACE-l\5JM compared to wtACE 

4hr - 4hr +P 4hr +T 

CHO-Kl cells expressing ACE~5JM or wtACE were grown (0 coofluence in 6-well dishes, and 
incubated for 4 hours with fresh induction mediwn supplemented with either nothing (-), 1 jlM 
POBu (+P) or [0 jlM TAP! (+1). The mediwn (sol) and ce![-exlrncl (cell) samples were then 
assayed foc ACE activity using the HHL substrate assay (A, C). The percentage of total ACE-~5JM 
in the medium traction a fier 4 hours is shown in (8. 0) [n=3]. 
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Chapter 4: The Juxtamembrane Region 
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Figure 4.3.1.2) Tbe sbeddiog of ACE-~5JM from transfected COS-l cells 
COS-I cells were transiently tTansfected with pLEN-ACE-VII, -A5JM or -ACYT. After 44 hours 
the cells were stimulated with I J.tM PDBu and the medium and cell-extracts assayed for ACE 
activity using the HBL substrate (A). The percentage of total ACE in the medium fract[on after 4 
hours is shown in (B) [n=2]. 

ACE-A5JM cell cell sol sol 

o Ilr 4 hr +1' 0 hr 4 hr +1' 

173 c::::> 
I I I c::::::> 
80 c::::::> 

Figure 4.3.1.3) ACE-ASJM Western blot 

+- wtACE (sol) 

The cell extract and medium samples at zero time and after 4 hours of phorboJ ester stimulation 
(assayed in Fig. 4.3.1.1) were subjected to Western blotting and probed for ACE protein. The 
BenchMark prestained marker positions and sizes are shown on the left, while the position of a 
soluble wtACE marker is shown on the right. 

A)CBO B) ACE-AS.TM C) wtACE 

F"lgure 4.3.1.4) Coofoc-al Mlcr~opy ofCHO cells expressing ACE-A5JM 
Confocal microscopy was performed on either untransfonned CHO cells (A), or CHO cells 
transfected with either pLEN-ACE-~JM (B), or pLEN-ACEVlI (C). Cells were fixed with 3% 
PFA, probed with rabbit anti-ACE antibody and labelled with FITC-conjugated anti-rabbit IgO. 
Nuclei were stained with 2 jlM propidium iodide (PI) before mounting. C<lnfocal microscopy 
overlays afthe PI (red) and FITC (green) signal for fixed, but un-permeabilised, cells are shown. 
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Chapter 4: The Juxtamembrane Regioo 

The amino acid '"'luence oflhe 'talk region ofhwnan test;, ACE, from W .. , to ~" and mutati""s \h.....,r; 
ar~ shown, as In Table 4. 1.1. The tr.lllsmembrane domain and pro~iru al ectodom.in are highlighted in blue 
lIld }"'lIow r.'peclively. Cleavage ,ilC.S are ind icated with 1Il &ITO"'. The blue arrows indicate the J>Osit ioo 01 
the st>COndary cleava~ sites th at are uS«! to cleave the ACE'4R627 and ACE·~ mutant.<. The cleavage 
sites aud shedding d:1aracter .. hes ofwtACE, ACE·JMLDL, ·JM£Gf, ·JGL, ·JMIlX and -JMmm23 are 
pubTi.J1e<! previoosly IEh lers el 01., 19%; Schwager el 01 .• 1998, 1999; 2001]. The N·gT ycos~lltim .ite 
creatod by the delelioo of 6 lInino acids in thc ACE·~M mutant is sho"1\ in oold, .. is th e seventh 
putative IP)'XlSylatioo ,i~ in human testis ACE. which is not glycosylated in wtACE [Yu el ai, 1997]. The 
most C-lffI"Ilin. l lysine in Ih. s ... """"" of human ACE~ is highlighted in green. The arrangtments of th. 
disulphide li nJr..ges are indicatod with bars below the sequence. Hwnan lestis ACE , ... uence i~ in blue. 
while chimeric '"'luen"" is in red. 

It is possible that by deleting sections of the stalk region we have removed the 

recognilion roolif of the specific ACE sheddase, and that shedding has l>ten 

compensated by another shcddasc with extremely similar characteristics but a 

differenl recognition domain. Althoug./t th.is calUlOt be disproved until aU shcddases 

Itave been identified, we reci it is h.ighly unlikely to be the case as the ACE·JM6. 17, 

ACE-JMa24, ACE-a IIIM 3I1d ACE·a5IM mutants are aU cleaved at the same site as 

wt-ACE, namely the ~17/S6l! bond (see Table 4.1.1). Furthennore, cleavage still 

occurs when the stalk region is entirely rep laced by unrelated sequences (see Table 

4.6.1). 

Thus, as shedding was oot abo~shed by deleting large sections N· and C-terminal to 

the cleavage site, couploo with the lack of sequeocc speeificity, we showed 

conclusively tllat the ACE sheddasc recognition motif docs oot reside in the stalk 

region. The cytoplasmic tail (Chapter 5) and the ectodomain (Chapter 6) were 

therefore e~amioed as possible sites for sheddasc recognition of ACE. 
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ChApter 5: The Cytoplasmic Tail 

ACS-.1CYT 
Human tACE 
Chimp tACE: 
Rabbi t tACE: 
Bovine sACE 
Mouse tACE: 
Ra t sACE: 

Human tACE 
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Ra. t sACE 
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Figure 5.1.1) Cross..gpocies conservation of the ACE endodomain 

(A) 

The TM and cytoplasm Ie tai I regions of sequences for human, chimpanzee, rabbit. bovine, mouse 
and rat ACE are aligned. Human testis ACE is shown in capitals on the second line. The relative 
position of the lTUncalion in ACE-6CYT is indiC3tC(j on the top line. Identity to the human testis 
ACE sequence is indicated with a dash while differences are shown using single letter amino acid 
codes and spares shown with a dot. Note Lhat the 20 amino acid long TM domain (highlighted in 
blue) has 5 changes, while the COOH-terminal 13 amino acids (green) are almost completely 
conserved in mammals. 
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Ytgure 5.1.2) The shOOding of ACE-ACYT - effed of phorbol ester aDd T API 
Confluent CHO-K I cells stably transfected with the pLEN-ACE-aCYT vector were incubated for 4 
hours with fresh induction medium supplemented with nothing (-), I J.lM PDBu (+P) or 10 J.1M 
TAPI (+T). The mediwn (sol) and cel1-eKtract (cell) samples were then assayed for ACE activity 
using HI-fi... as substrate (A) [n=J). The percentage of total ACE activity in the medium (soluble) 
after 4 hours is shown in (B). 
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Figure 5.1.3) Triton X-114 u(ractio.ll of cell-associated and soluble ACE-~CYT 
Confluent CHO cells expressing eilher wtACE or ACE-.6CYT were incubated for <1 hours wilh 
fresh inductioo medium supplemented with nothing (-), I !-1M PDBu (+P) or 10 !-1M TAP! (+T). The 
medium (med) and cell-extract (cell) samples were then separated into lipophilic and hydrophili(; 
fractions using Triton X-114, after which all samples were assayed for ACE activity using Ihe HHL 
substrate. The percentage of soluble (aqueous) ACE activity in each sample is shown [n=4}. 

III .:::;> 
80 .:::;> 

cell cell sol sol 

o h. 4 h. +p 0 Itr 4 br +P 

Figure 5.1.4) ACE-~CYT Western blot 

~ wtACE (sol) 

The cell extract (cell) and medium (sol) samples at zero time and afler 4 hours of phorbol ester (P) 
stimulation (assayed in Fig. 5.1.2) were subjected 10 Western blorting and probed for ACE prolein. 
The BenchMark preslai.ned marker positions and sizes are shown on the left, while the position of a 
soluble wtACE marker is shown on the right 

A) ACE-~CYf B) wtACE 

Figure 5.1.5) Confocal Mtcroscopy ofCHO cells expressing ACE-.6,CYT 
COO cells expressing ACE-aCYl (A) (:K wtACE (B) were fixed with parafonnaldehyde, probed 
for ACE with an anti-rabbit antibody, lind visualised using FITC labelled anti-rabbit antibodies and 
con foca 1 m icroscopy. On Iy the extracellu lar signal is shown here. 
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Y.g_re 5.2.2) Tile slteddiag of ACE-ACYT - efJed ofcytoc:h.a_i. D 
CHO cells expressing ACE-.6.C YT were grown to conftuenoe in 6-well dishes and ACE 
expression induced overnight using I ml in<b:tion medium. At zero time the medium was 
replaced wilh I ml fresh induction medium supplemented with nothing (blue). [ ~ POBu (red), 
10 ~M TAPt (dark blue) or IJ..I&Iml C}1ochalasin 0 (orange). AI the indicated times the mcWum 
(A) and cell extract (8) samples were assayed for ACE activity using Hffi.. as substrate. The 
percentage soluble ACE (C) is determined by dividing the soIubfe activity by the tOial ACE 
activity in the well (cell plus medium). expressed as a percentage (0--2), 
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Figure 6.1) Defining the ectodomain 
This schematic illustrates the deletion mutants that helped define the minimal catalytic unit of the 
ACE ectodomain. Mutants that are inactive and/or not shed are labelled in red. Deletions at the N­
terminal end are shown in (A), while the C-terminal mutants are shown in (B). The putative ACE 
catalytic domain (according to amino acid conservation) is shown in dark blue (D4O-P623). The 
CD4/ACE chimeras constructed by Sadhukhan el aL are shown in (C) and (0) [Sadhukhan el aI., 
1998]. ACE and CD4 sequences are shown in blue and green respectively. CD4 sequence 
nurnber-ing from GenBank #P01730. 
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Figure 6.2.2.1) ACl:.Ml[ Western bioi 
Westef"1l biOi analysis was performed on cd I extract (cell) and InCiJium (sol) samples of COO cell~ 
lrallsfected with eilheT rl ,E N-ACEVII or pLEN-ACE~61 E nfler 4 h(\urs of either no stimulillion 
(-), phorbol ester s;timulation (+P). or TAPI inhibition (+T), and probed for ACE rrOlein. as 
described above. The meil ium (med Oh,) I:; shown as a control. The BenchMark pre.staillcd marker 
(GibcoBRL) posi(ions and sizes are shown on the left. with the pink refereIH.;e n\ilrkcr band position 
shown in pink. The soluble wtACE rnllrkcr (2::ing) is in the last lane. 'The ACL:::66 I E precursor 
prolein appC8f"S 10 be rrtoch smaller Ihan the wlACE precursor as it ha:-; no O-g.lyt:~ylali(}n sites and 

a 6.5 /cDa reduction in peplide length. ACE66 I [ is not shed in any apprc-ciablc amounts. or IS 

below the detection lim it of the Wcstern blot. 

ACEA6jE wtACE 

Figure 6.2.1.2) ConlOClll mkroscopy of CHO cells - ACE-A61E, wtAC[ 
Transfectcd CHO cells expressing either ACEA61 E or wtACE, were grown on covers I ips, fixed 
wilh 3% paraformaldehyde, and ACE protein probed with rabbit anti-ACE antibodies, followed 
by a FITC·C(]fljugaled secondary antibody. The extracellular green FITC label was detected using 
confocal mi<'ToscoPY. Ihe digital pielures of which are shown. The same intensity setting was 
used for all piel urcs., a lIowi n g scm i-quan lital i ve com parison. 
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Figure 6.3.1) Tbe ACE-Ndom and ACE-NBd chime,.ic muta.ts 
A schematic representation of the ACE-Ndom and ACE-NBcI chimeric mutants is shown in (A). 
Somatic ACE consIsts of the ACE N·domain (red) and a C-domain (blue) separated by a ~ort 
bridge., followed by the ju)(tamembrane stalk, TM and cytoplasmic regioos that anchor it to the 
plasma membrane (dark blue). The N-domain is absent in Ihe testicular form of ACE. The ACE.­
Ndom mutanl has Ihe 'C-domain' of testis ACE swapped for the N-dornain of somatic ACE. 
ACE-NBc! has ooly 41 residues of the proximal ectodomain of testis ACE swapped for the 
equivalent region of the N-domain. The sequences of each of these mutants are shown in (B), 
where the testis ACE sequence from K556 to L675 is shown in blue., and the N-domain setJuence 
in red. IdeJltity with testis ACE is indicated with a dashed line., changes are indicated by their 
single letter code. Amino acid numbering refers to mature proteins, The relative positioos of the 
ACE-JMa6, -JMa I I and -JMd 16 mutants are shown with lines, while the wtACE sheddase site 
(R627JS628) is shown with a red arrow. The section of teslis ACE that is swapped with the 
somatic form in SomNBcI is jndicated in OO'd. The transmembrane region is highlighted in light 
blue. 
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ACI~-Nllci 

ACEA6tF. wtACE 

Figure 6..35) COllfocal microscopy ofCHO cells - ACE-Ndom. -NIkI. -L\61 [ant) -wt 
Transfeeled CHO cells expressing eilher ACE-Ndofll. ACE-NBcl, ACE~61 E Of WlACE, were 
grown on coverslips. lixed with 3% para form a Idehydc, and ACE protein probed with rabbit anti­
ACE antibodies, followed by a rlTC-conjugated secondary antibody. The extracellular FITC 
label was detected lIsing con roca I m icroscorY, the digital pieltifeS of wh ich are shown. Th~ sanle 
inlensity selling was used for all picl-ures, allowing semi·CJuMlitative comparison, These pictures 
are I'epresentative of the slide. Note the strong surface expression of ACEA61 E, indicating good 
processing onl! is mutant 10 the surf-ace and lack or shedding, leading to an accumulation on the 
rlasma membrane. Both the ACE-Ndom and ACE-NBC! mutants are also processed 10 the cell 
surface. 
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Chapter 6: The Ectodomaill 

(A) DACE-NBct (0) a % sot 

"" 
60 

"0 60 
T ~ 

.. 
" • 11 60 ~ 40 ~ 

W 
~ U 

'" ~ = 
il'" i 

r- *20 
0 n 0 

~, . ~ '" 4h,.T '" ,u" +P 4t. +T '". '" '" ~ ., •• •• •• ,,' cell ,,' 
• 'igurl! 41.4.1) nil! sheddjng of ACE-NRc! - efkcl of PORu and T API over 4 hours 

Confluent CHO-K I cells stably transfcded with the pLEN-ACE-Ntkl vector were incubated fur 4 
hours with fresh induction mooium suppleml'nted with nothing (-). I I'M POBu (+P) or 10 ).1M 
TAP! (+T). The med ium (sol) and cell-eJltract (cell) samples were then assayed for ACE activity 
using HHL as substrate (A) [n=6]. The per<:enlage soluble ACE activity after 4 hoors is shown in 
(8). 

ACE-NBcI «II .. , "" .. , "' '" ~. 

H, ", ,. o. , .. .. I\CE 
H (.P) I'T) (>M (+T) (d, 

mq 

"' ::::' • - .. 
~=:> 

Figure 41.4.2) ACE-Nlkl W~te", blot 
Wtl$tern blot analysis was perFormed on cell exlract (cell) and med ium (sol) samples of ACE-Ntkl 
expressing CHO celis. Confluent 6-well dishes were incubated lOr 4 hours with either no 
supplemeills (-), or I ... M POBu (+P). or 10ilM TAP! (+ n. The medium was included as a negalive 
control. The BencttMark prestaiood marlr.eo- (GibooBRl) positions and sizes (in kOH) are shown on 
the left. The soluble wtACE marker (SOng) is io the last lane (wtACE sol). Note the dear separation 
oflhe JnCUI"SOC (90 kOa) and matllfe (105 kDa) forms of ACE-NBcI in the cell-extract lanes. Note 
also the reduction in intensity of the ma/ure band whaJ cells Ill: stimulated with ptrorboJ ester, and 
the conoomilarll accumulation of the deavage-SOOI"ekd limn in the mediunl. The inhibilion of 
shedding by TAPI is seen with the weak band in lane 6. The minor contaminant seen at - 170 kDa 
also appears in the l«ohour medium control lane. 
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Appendix J: Supplementary Tables and rigures 

All sequences Ilft of humaJ'l origin, unless othefW'ise stated. The TM domain is highlighted in blue, and the pro)(Unal 
ecrooomaiJ'l (wne('e annotated in GenBank) in yellow. Known cleavage sites are shown with II black arrow. GPI-linked 
anchors life indicated with "=GPJ". Inreresting features such liS chimeric sequences, putative N-linked sites, alternative 
splicing sequences and cysIeines are shown in bold. The sequence of testis ACE is in blue type whi Ie the N-dOOlain 
sequence and insertion mutants are in red type. The region thought to be respoosible for Ihe shedding of PPHIl IS 

high lighted in green. Part of Ihe BA4 peptide is high ligh!.ed in grey. 
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wtACE 
ACE-Ndom 

ACE-~17 

ACE-~4 

ACE-M7 

ACE-~6 

ACE-~ll 

ACE-~16 

ACE-~5 

ACE-~R627 

ACE-JGL 
ACE-LDL 
ACE-EGF 
ACE-FIXEGF 
ACE-MINI23 

Meprin A a human 

Meprin A a mouse 

Meprin A B human 

Meprin A B mouse 
L-Selectin 
E-selectin 
P-selectin 
L-CDX (E-sel stalk) 

TGFa 
EGFR 
EGFRffNFRI 
hu-p55-TNF-RI 
TNFRI-NVl72/3AA 

TNFRI-~172/3 

TNFRI-~174/5 

TNFRI-M 77/8/9 
P75 TNFRII 
HER2 
HER4JM-a 
HER4JM-b 
CD4 
ACE/CD4-5 
MDP (pig) 

MDP-STM 
MDP-TM 

Ehlers e/ ai., 1996 

Pang e/ al., 2001 

Ehlers e/ al., 1996 

Schwager e/ al., 1999 

This thesis 

Schwager et aI., 1999 

Ehlers et al., 1996 

Schwager et aI., 1998 

Schwager el al., in press 

Pischitzis et al., 1999 

Kahn et al., 1994 

Migaki el ai., 1995 

Derynck et al., 1984 

Brakebuscbelal.,1994; 
Himmler et al., 1990 

Nophar et al., 1990 

Vecchi el al., 1996 

Elenius et al., 1997 

Sadhukhan et al., 1998 

Pang e/ al., 200 I 

lAIK612A 
lAIK612T 

• APP&601·D619 
APP&613-F616 

CSFI 

HB-EGF 

• CD44 
LDL-Rhuman 

• SorLA human 
LRPI 

Arribas e/ al. 1997 

Mullberg e/ al., 1994 

Althoff e/ al., 2001 

Esch et al., 1990; Maruyama 
et al., 1990; Masters el al., 

1985 
Zhong el ai., 1994; 

Maruyama et aI., 1990 

Hattori et al., 2000 

Beer et al., 1999; 
Mechtersheimer et al., 2001 

Deng et al., 1996; Halenbeck 
etal., 1988 

Goishi et al., 1995; Izumi el 
al.,1998 

Kajita el al., 2001 

M. 

Quinne et al., 1999 
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Appendix I: SUPI>lelllenlary Tables and Figures 
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Figure AU) CompamoD ofnbbit aDd buman ACE-rstqlleous 
The peptide sequences of rabbit and hwnan testis ACE are aligned here to aid comprehellsion of 
the paper by Sadhukhan el al, which is particularly relewnl to this thesis (Sadhukhan, 1998)- The 
TM is highlighted in blue, the proximal ectodomain mulant in yellow, and the region deleted in 
AC~36N-wt, ACEA61 E in green and the catalytic site in mauve. The cleavage site is indicated 
with an arrow, 
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Silkwonn 

Tick 

EST Danio rerio 

ax<lDomy database. 
full eDNA for Zebrafish ACE has not, as been cloned. 
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Appendjx. I: Supplemet'ltalY Tables aod Figures 

The TaxorDomic 'history' of ACE EvolutioVl 

£ukaryota 
+ Vlridiplantae 
+ + ALabidopsis thaliana 
+ fungl/Hetazoa group 
+ + Fungi 
-t -t + ~sconlycoca 
+ + + -+ Taphcinomycotina 
+ + + + + SchizosaccharolllYces pombe 
.~ + + + Saccharontycotina 
+ + + + + saccharomy~e5 oerevisiae 
+ + Heta2.oa 
+ + + flilateria 
+ + + + P5eudocoelo~ta 
-+ + + + + Caenorhabd:i.tis eleqans 
+ + + + Coelomata 
+ + + + + Deucerostomia 
+ + + + + + Eu~herla 
+ + + ,t + + + Primatas 
+ • + + + .~ + + Ho.o aapiens 
+ + + + + + + Rodencia 
+ + + + + + + + Murinae 
+ + + + + + + + + Ractu3 
+ + + + + + + + + + Rattus norveq.i.cus 
+ + + + + -t + + + MUS 
+ + + + t t + + t + MUs .uscu1us 
+ + + + + Proto3comia 
+ + ..... + + Droaop~", -.elanogaster 

F'tgure Al.2) Fully sequenud genomes that doldo Dot Itontain an ACE gelle 
The taxonomic., and thus I ikely evolutionary. relationship between species (bold) that have an 
ACE gene (highlighted in yellow) and those that do not. Note that of the four cukaryotic 
species whose genomes have been romplerely sequenced (underlined), three do not contllin 
ACE related sequences, namely CaenorhahdiliJ' elegan.~ (nematode worm), Saccharomyces 
cerevisiue (yeast) and Arabidnpsis Ihallullo (mouse-ear cress) [NCB1, Entre:t BLASTp, 
November 200 11. Output generated from the NCBI Entrez Taxooorny homepage: 
[http:J /www.ncbLnlm.nih.gov/entre-Liquery. feBi ?db=Taxonomy]. 
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Table AI.4)At:";E h, .1, ues 
Name Type 
l'nmmnn Cl, .!, 

Humans Homo ... oy'''''''' ACET 

Humans Homo sapiens ACEs 

Human Homo sapiens ? 
ACEH 

r1- Pan IfU5'uuy, ACEs ~.-

ACET 

Rabbit Oryc:wlugu;s ACEs 
cuniculus ACET 

Cow Bos taurus .A.C:~s 
Rat Rattus 

nUT ""5 ...... '" 

Mouse Mus musculus ACEs 

ACET 

Chicken Gallus gallus ACEs 

Worm Caenorhabditis 
aT" .... " ... 
~'~6W'~ 

Fruit fly •• " ... J,;1" AnCE 
.;~~r .~ 

."".'" 
D .... 0.' 

"" ACEr 

Buffalo fly Haematobia ACET 

i"itans exigua 

Silkworm 1<" ... h',... mort ''''; ACEs? 

Tick D, .1_:1. ACEs? UI 'J:' 

u, .... , vr'"'' 
Zebrafish Danio rerio ACE2 
EST db 

Worm Caenorhabditis No 
~'~6W'~ HExxH 

All data obtained NCBI's 

~e~gth % ID(ACET)'l' 
% aa 

732 100% 732 

1306 100% 665 

805 41% 

1304 99% 666 

732 99% 732 

1310 87% 666 

737 84% 737 

1306 81% 666 

1313 80% 667 

1312 79% 667 

732 78% 733 

1193 63% 650 

907 

615? 44% 600 

? 

611 43% 573 

648 45% 595 

660 42% 588 

59? 

907 28% 616 

% ID (N-dom)~ W 
% aa 

splP229661 

54% 616 splP1282 I 

aiIR";"(l4hhl c-

54% 616 gil II 1384131 

gil1ll384141 

53% 605 splPI28221 

splP229681 

53% 608 gil4494081 

53% 639 
~plP478201 

52% 637 splP094701 

splP229671 

59% 510 splQI075 I I 

gil13730081 

gil14058811 

splQI07151 

gi189184921 

gil14689811 

AAA98719.1 

aa refers here to range of 
References: Human ACES 

Human ACEHlACE2 

,,,.' ..... ,,,',, et 
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Add 38.0 g 
_"rI''''''''P<I blue-tclDD<~ bottle at 4°C. 

,,,,J,un .... and 2.0 g 

rlI."",,","''''' to 50 mI 

I 

to 

for 2.5 

100 mg was dissolved in 1000 JlI and stored at 4°C. of this stock was added to I 
mI ofLB for a final antibiotic concentration of 100 

in ImI 

'''''''In,,,," 500 IJl 50 mI2 M NaCI and 25 mIl M Tris 7.4. 

in 800 mI 

lOx 
15.46 g Boric acid was added to 400mI 
final volume was corrected to 500mI with 

Add 200 mI methanol. 

aUI'U"''''''' to a of 9.5 10M NaOH. The 

A 1:10 dilution of the 500 mM Borate was made in and used to elute the pml1le:d. ACE 
off a hsinoI,ril·'SCI,hal·ose column. 

in 
Dissolve 600 mg BSA fraction V in 20 mI 

....... u ....... ,"" ruuns:tefj ovary cell ATCC: 
ATCC have this to say about the CHO-KI cell line: The CHO-Kl cell line was derived as a subclone 
from the CHO Chinese Hamster cell line initiated from a of an 
ovary of an adult Chinese hamster T. T. Puck in 1957 The cells in the 
medium for The cells should be Ham's FI2K medium with 2 mM L-

with 50% Hams F-12/50% DMEM to contain 1.5 gIL sodium 
fetal bovine serum, 10%. The ATCC website is: 
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29.22 g NaCI was dissolved in 980 ml to which 20 ml 1 M HEPES was and then 
sterilised 

green cell 

20 mM L-g)uuunutle and 
10 % heat-inactivated foetal calf serum 
22 ml Ham's 22 ml 5 ml FCS for 30 u ............. ·"1 and 1 ml 1 M 

was mixed in a 50 ml tube and filter sterilised. 

Ix 
Dilute lOx HBSIDEAE-Dextran stock 1:10 in DMEMJPS 

from 
hvJ1I'""tl~J1 and filter sterilised 

".~.~I~,~. 12. JK~ 

"'UA;uHA supplelmeIlted with 100 U/ml """'~'''All.ll.' and 100 
Dilute 500 /-ll PenStrc~p stock in 50 ml DMEM. Filter sterilise and store at 4°C. 

.... ,."' ...... n supplelmerlte<1 with 100 U/mlV"" .......... 'HU, streptOlnycin and 20 mM 
Add 1 ml 1 M HEPES 
store at 4°C. 

Dissolve 50 mg 50 mg '-' .. · ....... v. in to 
20ml. Filter sterilise and store at 4°C. 

Dissolve 37.2 g EDTA in 150 ml to 8.0 with 10 M then the volume to 200ml 
with Autoclave and store at RT. 

5 
Add 500 /-ll of 0.5 M EDTA to 50 ml PBS. Filter sterilise and store at 4°C. 

Etbidium Bromide is 
stock 0.5 

Dissolve 5 mg of ethidiwn bromide in 10 ml Cover with foil and store at RT. 
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Foetal calf serum n.U' .. "'U<UIll} was heat inactivated at 56°C for 30 min. to use in cmnplete 
... "" ......... 1, the FCS was further heat inactivated to 70°C for 15 mln. 

"""U'll.Jl"" 50 IJ.I PenlStrc;p and 1 ml 1 M HEPES 7.5 in a 50 ml tube. Filter 
sterilise. 

.J:\.LIJ,nUl'O Buffer for 2.5 nnrmtes. IrDlll(!diately 
possiblle. Allow to 

up to 10 IJ.l with add fonmal1dehyde 'v,nUll'" mix: 
IJ.I deionised fonmrunide, and 

L-g,luti:UllllLle u.,lJI.,\.J,,UfiJ .... , 146 in 10 ml filter sterilise. 

Linoleic acid 

brown in HBS frozen 

was dissolved in 5 mI 0.025 M with 
..... ".""' .. ' ....... 1250 IJ.I I M 3750 1J.12 M NaCI and 14 ml 

supplelnelllted with 20 roM 2 % FCS 15 mln heat-

...,lVll.Jl"i. 1 ml heat inactivated FCS for 15 1 mIl M 
was mixed in a 50 ml tube and filter sterilised. Ham's F-12 and DMEM 

while FCS Amersham Phanmacia Biotech. 
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29.22 g NaCI was dissolved in 980 ml to which 20 ml 1 M HEPES was and then 
sterilised When the colwnn for cell extract saIIlple:s, 
the wash buffer was further with 10 ml Triton X-I 00 (l % and 10 ml 100 mM 
PMSF (l mM The columns are stored in wash buffer with the addition of 0.02% Sodiwn azide. 

W<>I ........ 1'1I .... • Sodiwn azide causes in lead - check the 

for 30 

10 gil 15 100 

Yeast Extract (2 g), NaCI (4 g) and 
DIUe-C~lD{)(!Q bottle. This was autoclaved at 121°C 

and allowed to cool to 50°C in a water bath. ~"'IJ"_"IlJU' 
th" ........ ohh, but The agar was 

were dried in a tissue culture and stored at 4°C. 

Yeast extract 10 100 
Yeast Extract g) and NaCI (5 g) was dissolved in 500 ml This was allocated 

into 20 ml Universals (5 or foil 500 ml flasks and autoclaved at 121°C for 30 
minutes. 1.0 of the stock was added when the broth. Bacteria 
were grown in inoculated LB at 37°C ove:mi,ght. 

+lmM 
Dilute 100 ml lOx PBS in 800 ml of 
Make up to 1 L with 

and leave for 4 hours 
and incubate at 50°C with internrittent Wltil 

('Prltrifi1op for 15 minutes at 5000 x g, collect 
to a final concentration of 2.5% 

inlOml 

the to 

and add 147 mg ~,~.L. •. - •• ";~ and 200 mg 
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Mix 1 m1 NovoPen with 3 ml ,,,n,,,n""TPn and 96 ml PBS. llIer-SlJenllZe, freeze in 5 m1 u.u~luv,.". 

8%PFA 
TOXIC!!!! Use in fume hood 

Add 8 g to 90 m1 while 
acidic. Neutralise with 1 M stir until dissolved 

volume to 100 0.22 IUD filter. Store in 5 ml WUjUUll) 

- should be 
UlS()lutlle). Cool to 

of 8% PF A to 60°C. Mix 3.75 ml 8% 1 m1 lOx PBS and 5.25 ml in 

mGHL Y TOXIC! 348 mg Dllf~VlmemVllSUlIOnVI flouride was dissolved in to 
20 ml methanoL 

2 
A I :2500 dilution of a 5 mM stock of proPl(lllum iodide was made. Invert (,LnlPr-;:hn on 50 ~I 
the dark. 

in 

'-'rlU:"'-,J.H'V'-'.LJJ.U,", !!! 5 mg of proplwum iodide 
Store at -20°C in foiL 

Broimoph~~ol Blue. 0.25% 
500 ~l 1 % Brclmophe:nol 

Add 20.9 g MOPS to 400 ml DEPC treated 
acetic then add 8.3 ml of 3M NaAc 
500 ml with DEPC treated autoclave and store in foil at RT. 

was dissolved In 1.5 

and 

volume 10 

in 100 ml of DE PC 

re-I[lVaraIf~ in 8 volumes of and autoclaved in a 
wool was autoclaved in in a small bottle. The was 

a sterile Pasteur Sterilised tweezers were 
wool. beads were then added up to 1 cm 

from the of the tube. TIle colunm was transferred to the first of 15 m1 and the 150 ~ 
of nick-translated added. When no more fluid runs out, the colunm was transferred to the next 

and 150 ~ sterile water added. After all 15 150 ~ eluent were the most 
radioactive numbers 7 and 8) were and 1 0 ~ counted 
counter (3 ml fluid 

Brolmophenol Blue and 

10010 O.OOl%BRllmophe:nol 
i:S-nlerc:aptoetllanol to 2.375 ml of 2x 
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ADOClllQlX ill: Kealj.?;Cl1lts 

Hr()mo'Ph~~nol Blue and 10 

25% 0.0025% 12.5% ~-

[j-llrlen:aptoetbano] to 3.5 ml5x SDS tva ....... F. buffer. Mix and use nrumec1lal:eJy 

the to 8.8 with HC} and 

[0.375 M Tris 0.3% 
Dissolve 11.36 g of Trisma Base and 0.75 g of SDS in 200 ml 
the volume to 250 ml with 

the to 6.8 ",ith HCl and 

L92M 
Dissolve 15.14 g of Trisma 72.06 g of and 5 g of SDS in 400 ml of the 
to 8.3 10 M NaOH and the volume to 500 ml with 

V'~JHL' supplelmeIlted with 4 mM L-glutalIIl.iIle and 100 

5x were added to 10 ml starvation medium. 500 ~ 
of this was added to confluent cells in 6-well dishes for metabolic 50 per 

Sodium Acetate [ ] in 10 ml to 4.0 with pure 
Autoclave. Store at RT. 

Dissolve 4.92 g Sodium Acetate in about 10 ml the to 5.2 
Pure Glacial Acetic acid (-7 Make up to 20 ml with Autoclave. Store at RT. 

M '-"." ..... " .. 
Dissolve 22.05 g sodium citrate in 80 ml DEPC to 7.0 with 10 M 

and 100 ml with DEPC treated 

and stir at 65°C to dissolve. Autoclave and store at RT for up to 3 months. 

!5Wl.UUJUll" ImCIC'VatnalC. 25 mM sodium citrate 0.5% 100 mM 

Jj-llner'caJl1toetbanol to ml of Solution D stock. Store at RT for up to 1 month. 

~nllv""·''''A 
in 
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[3 M 0.3 M sodium 
Dissolve 175 g of NaCI and 88 g of sodium citrate 

the to 7.0 with then the volume to 1000 mI with 

medium 
while the remainder is used for metabolic la"'~Ull15 

- 500 III of mixture per well. 

mM Tris.Basc 89 mM boric 2.5mM 
Add 100 mI lOx TBE to 900 mI 

89 mM boric 2 mM EDT A and 0.5 
"Ptl.ilii,,", Bromide Stock to 1 L of TBE. 

lOx 
[890 mM Tris.Base 
Dissolve 108 g Trisma 
concentrated HCl. 

boric acid and 
the volume to 1000 mI with and autoclave. 

TVTlfnTIP 0.5% 

50mM 30mM 

75mM 

O. 
Dissolve 2.42 g Trisma Base in -70 mI 

Autoclave. 

Dissolve 24.2 g Trisma Base in -70 m1 
Autoclave. 

Dilute 100 III Triton X-loo in 100 m1 

Difco Bacto Yeast ""'2'-''''''''', 0.4% 

lOmM 15% ",lv"'PTnl 

15% "k,,..,,,r,,1 

to 8.5 with concentrated 

to 6.8 with concentrated 

12.5 mI2 M 

in 800 mI 

the to 8.0 with 

10mM 

and 100ml with 

and 100mI with 

500 J.Il 
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.......... · ........ den:sed, 1 
[11% final in 10mM 150 mM 
Dissolve Triton Xl14 in 980ml on ice. Place the clear solution at RT allow micelle lUHnHUlUIlj 

and allow it to stand until the and with fresh 
Triton extrnction buffer and it to and remove the aqueous 

thereafter. This results in an 11% solution of Triton X114 which can then be diluted to 2 % for 

gNaCI in l60ml the 

l50mM 
pre-cond~m~:d. Triton X-1l4 (11%) in 100 ml Triton X-1l4 extraction buffer mM 

in5mM 

0.5M 
29.22 g NaCI was dissolved in 980 ml to which 20 ml 1 M HEPES was and then 
sterilised 

[5% Skim 
Mix 25 g of Skim Milk 500 JlI of 25 ml of 1 M Tris 
and 400ml to 500ml with 

(1 
Dissolve 3.025 g Trisma Base and 14.4 g of in 800 ml then add 200 ml methanol. This 
should have a of 8.3. 

in 

M 
Dissolve 682 mg 136.3 in 50 ml Add a 10 Jll of cone. HCl to 
aid dissolution. Filter sterilise. 
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Table AIII.1) List ofPri:uu:u 
TesfuACE Primer Name: DNA sequence (S' to 3') Silent restriction sites / 
Mutant: notes: 
WtACE ACE-MP2 GTCGACGGTATCGATTCAGGAGTGTCTCAGCTC Sal!, ClaI 

ACE-MP3 ACTAGTGGATCCTGATCACGGGCCAGCCCA Spel, BamHI, Bel! 
ACE-d6JM ANT-d6B GGGCCCTTCTGAGCGGTTGTACTGCGGCCA 

ANT-d6C TGGCCGCAGTACAACCGCTCAGAAGGGCCC Ant-d6B" 

ACE-dIIJM ANT-dIlB GGGCCCTTCTGAGCGGCCAAGCTTCTCCCC HindfII 

ANT-dUC • GGGGAGAAGCTTGGCCGCTCAGAAGGGCCC HindfII, Ant-dllB" 

ACE-d16JM ANT-d16B GGAATTCGGCGTCCAGCGGAGCCAGTCCAG EeoRl 
ANT-d16C CTGGACTGGCTCCGCTGGACGCCGAATTCC EcoRl, Ant-d16B" 

ACE-d5JM . ANT-d5B GAAGCTTACGCGGCCCCCTTCTGAGCGAGC HindfII 

ANT-d5C GCTCGCTCAGAAGGGGGCCGCGTAAGCTTC HindfII, Ant-d5B- 1 

A(~F-AR ACE-R627-1 GGACGCCGAATTCCGCTTCAGAAGGGCCCCTC EeoRl 
ACE-R627-2 GAGGGGCCCTTCTGAAGCGGAATTCGGCGTCC EcoRl, ACE-R627-I"1 

ACE-ARS ACE-RS628-1 GGACGCCGAATTCCGCTGAAGGGCCCCTCCCA EeoRl 
ACE-RS628-2 TGGGAGGGGCCCTTCAGCGGAATTCGGCGTCC EcoRl, ACE-RS628-l" 

• ACE-R627P ACE-P627-1 GGACGCCGAATTCCGCTCCCTCAGAAGGGCCCCTC EcoRl 
ACE-P627-2 GAGGGGCCCTTCTGAGGGAGCGGAATTCGGCGTCC EcoRl, ACE-P627-l" 

ACE-,1.CYT ANT-dCYT GTCGACATCGATTCACCGCTGGCTGACGCC Sal!, ClaI 
ACE-Ndom SomNl TACCAGTGGCACCCGAACTCCGCTCGC 

SomN2 GCGAGCGGAGTTCGGGTGCCACTGGTAC SomNl" 
Pcr2f CCCGGGAATTCATCTACCGGTCCACC SmaI, EeoRl, PinAl 
Per3r GAGCGGAGTTCGGCGTCCACTGGTACTCGGGC 
Per4f GGCCCGAGTACCAGTGGACGCCGAACTCCGCTC Per3r" 
SomNDra CCATCGATCACTGGGT~CTGGCTGGAAG DraIII, Clal 

ACE-NBcl SomNBcl GGAATTCCTGATCACGGGCTTAGATGCCCTG EcoRl,Bel! 
SomN3 GAGGAATATGACCGGCCGAACTCCGCTGCG Ndom Bridge primers 
SomN4 GCGAGCGGAGTTCGGCCGGTCATATTCCTC SomN3" 

ACE-JMfIX Antfixl CCGGAATTCCGATGGAGATCAGTGT EcoRl 
Antfix2 CCACTGGCCCACGCGTTCACAGTTCTTTCC 
Antfix) GGAAAGAACTGTGAACGCGTGGGCCAGTGG Antfix2" 

ACE,1.61E PCRI ACTAG~TCCGTCGACAAGCTTCTAGACTCTGCTCT Spel, BamID, Sal! HindfII 
CCTGCGGCC 

Zen3r TCCAGTTGGCCTCGGCATATTGGGATGCCTCCTGGCTG 
Zen3f GCCAGGAGGCATCCCAATATGCCGAGGCCAACTGGAAC 
ACERT ATTTCCGGGATGTGGCCATCACATT 

Relevant restriction either en~:ine~ere:d or ""r·n,.,.;"", are indicated in italics or both. 
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All sequences obtained from the NCB! Entrez database: 

server: 

Human somatic ACE derived from Pl2821 mature ",H}'.,",",!, 

-29 MGAASGRRGP GLLLPLPLLL LLPPQPALA (-1) 
1 LDPGLQPGNF SADEAGAQLF AQSYNSSAEQ VLFQSVAASW AHDTNITAEN ARRQEEAALL 
61 SQEFAEAWGQ KAKELYEPIW QNFTDPQLRR lIGAVRTLGS ANLPLAKRQQ YNALLSNMSR 
121 IYSTAKVCLP NKTATCWSLD PDLTNlLASS RSYAMLLFAW EGWHNAAGIP LKPLYEDFTA 
181 LSNEAYKQDG FTDTGAYWRS WYNSPTFEDD LEHLYQQLEP LYLNLHAFVR RALHRRYGDR 
241 YINLRGPIPA HLLGDMWAQS WENIYDMVVP FPDKPNLDVT STMLQQGWNA THMFRVAEEF 
301 FTSLELSPMP PEFWEGSMLE KPADGREVVC HASAWDFYNR KDFRIKQCTR VTMDQLSTVH 
361 HEMGHIQYYL QYKDLPVSLR RGANPGFHEA IGDVLALSVS TPEHLHKIGL LDRVTNDTES 
421 DINYLLKMAL EKIAFLPFGY LVDQWRWGVF SGRTPPSRYN FDWWYLRTKY QGICPPVTRN 
481 ETHFDAGAKF HVPNVTPYIR YFVSFVLQFQ FHEALCKEAG YEGPLHQCDI YRSTKAGAKL 
541 RKVLQAGSSR PWQEVLKDMV GLDALDAQPL LKYFQPVTQW LQEQNQQNGE VLGWPEYQWH 
601 PPLPDNYPEG IDLVTDEAEA SKFVEEYDRT SQVVWNEYAE ANWNYNTNIT TETSKILLQK 
661 NMQIANHTLK YGTQARKFDV NQLQNTTIKR IIKKVQDLER AALPAQELEE YNKILLDMET 
721 TYSVATVCHP NGSCLQLEPD LTNVMATSRK YEDLLWAWEG WRDKAGRAIL QFYPKYVELI 
781 NQAARLNGYV DAGDSWRSMY ETPSLEQDLE RLFQELQPLY LNLHAYVRRA LHRHYGAQHI 
841 NLEGPIPAHL LGNMWAQTWS NIYDLVVPFP SAPSMDTTEA MLKQGWTPRR MFKEADDFFT 
901 SLGLLPVPPE FWNKSMLEKP TDGREVVCHA SAWDFYNGKD FRIKQCTTVN LEDLVVAHHE 
961 MGHIQYFMQY KDLPVALREG ANPGFHEAIG DVLALSVSTP KHLHSLNLLS SEGGSDEHDI 
1021 NFLMKMALDK IAFIPFSYLV DQWRWRVFDG SITKENYNQE WWSLRLKYQG LCPPVPRTQG 
1081 DFDPGAKFHI PSSVPYIRYF VSFIIQFQFH EALCQAAGHT GPLHKCDIYQ SKEAGQRLAT 
1141 AMKLGFSRPW PEAMQLITGQ PNMSASAMLS YFKPLLDWLR TENELHGEKL GWPQYNWTPN 
1201 SARSEGPLPD SGRVSFLGLD LDAQQARVGQ WLLLFLGIAL LVATLGLSQR LFSIRHRSLH 
1261 RHSHGPQFGS EVELRHS 

Human testis ACE derived from P22966 mature .... ~._~., 

(-31) MGQGWATAGL PSLLFLLLCY GHPLLVPSQE A (-1) 
1 SQQVTVTHGT SSQATTSSQT TTHQATAHQT SAQSPNLVTD EAEASKFVEE YDRTSQVVWN 
61 EYAEANWNYN TNITTETSKI LLQKNMQIAN HTLKYGTQAR KFDVNQLQNT TIKRIIKKVQ 
121 DLERAALPAQ ELEEYNKILL DMETTYSVAT VCHPNGSCLQ LEPDLTNVMA TSRKYEDLLW 
181 AWEGWRDKAG RAILQFYPKY VELINQAARL NGYVDAGDSW RSMYETPSLE QDLERLFQEL 
241 QPLYLNLHAY VRRALHRHYG AQHINLEGPI PAHLLGNMWA QTWSNIYDLV VPFPSAPSMD 
301 TTEAMLKQGW TP~KEAD DFFTSLGLLP VPPEFWNKSM LEKPTDGREV VCHASAWDFY 
361 NGKDFRIKQC TTVNLEDLVV AHHEMGHIQY FMQYKDLPVA LREGANPGFH EAIGDVLALS 
421 VSTPKHLHSL NLLSSEGGSD EHDINFLMKM ALDKIAFIPF SYLVDQWRWR VFDGSITKEN 
481 YNQEWWSLRL KYQGLCPPVP RTQGDFDPGA KFHIPSSVPY IRYFVSFIIQ FQFHEALCQA 
541 AGHTGPLHKC DIYQSKEAGQ RLATAMKLGF SRPWPEAMQL ITGQPNMSAS AMLSYFKPLL 
601 DWLRTENELH GEKLGWPQYN WTPNSARSEG PLPDSGRVSF LGLDLDAQQA RVGQWLLLFL 
661 GIALLVATLG LSQRLFSIRH RSLHRHSHGP QFGSEVELRH S 

Human ACEHI ACE2 saoiens} ACE nOlllOl(Jlgue BAB403701 
mature ",AU'.,",U,', 

(-17) 

1 
61 
121 
181 
241 
301 

MSSSSWLLLS LVAVTAA (-1) 
QSTIEEQAKT FLDKFNHEAE DLFYQSSLAS WNYNTNITEE NVQNMNNAGD KWSAFLKEQS 
TLAQMYPLQE IQNLTVKLQL QALQQNGSSV LSEDKSKRLN TILNTMSTIY STGKVCNPDN 
PQECLLLEPG LNElMANSLD YNERLWAWES WRSEVGKQLR PLYEEYVVLK NEMARANHYE 
DYGDYWRGDY EVNGVDGYDY SRGQLIEDVE HTFEEIKPLY EHLHAYVRAK LMNAYPSYIS 
PIGCLPAHLL GDMWGRFWTN LYSLTVPFGQ KPNIDVTDAM VDQAWDAQRI FKEAEKFFVS 
VGLPNMTQGF WENSMLTDPG NVQKAVCHPT AWDLGKGDFR ILMCTKVTMD DFLTAHHEMG 
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361 HIQYDMAYAA QPFLLRNGAN EGFHEAVGEI MSLSAATPKH LKSIGLLSPD FQEDNETEIN 
421 FLLKQALTIV GTLPFTYMLE KWRWMVFKGE IPKDQWMKKW WEMKREIVGV VEPVPHDETY 
481 CDPASLFHVS NDYSFIRYYT RTLYQFQFQE ALCQAAKHEG PLHKCDISNS TEAGQKLFNM 
541 LRLGKSEPWT LALENVVGAK NMNVRPLLNY FEPLFTWLKD QNKNSFVGWS TDWSPYADQS 
601 IKVRISLKSA LGDKAYEWND NEMYLFRSSV AYAMRQYFLK VKNQMILFGE EDVRVANLKP 
661 RISFNFFVTA PKNVSDIIPR TEVEKAIRMS RSRINDAFRL NDNSLEFLGI QPTLGPPNQP 
721 PVSIWLIVFG VVMGVIVVGI VILIFTGIRD RKKKNKARSG ENPYASIDIS KGENNPGFQN 
781 TDDVQTSF 

testis ACE derived from mature fJ'V""''''' 

(-30) MGQGWATAGL PSLLFLLLCY GHPLLVPSQE (-1) 
1 APRQVTVTHG TSSQATTSGQ TTTHQATAHQ TSAQSPNLVT DEAEASKFVE EYDRTSQVVW 
61 NEYAEANWNY NTNITTETSK ILLQKNMQIA NHTLKYGTQA RRFDVNQLQN TTIKRIIKKV 
121 QDLERAALPA QELEEYNKIL LDMETTYSVA TVCHTNGSCL QLEPDLTNVM ATSRKYEDLL 
181 WAWEGWRDKA GRAILQFYPK YVELINQAAR LNGYVDAGDS WRSMYETPSL EQDLERLFQE 
241 LQPLYLNLHA YVRRALHRHY GAQHINLEGP IPAHLLGNMW AQTWSNIYDL VVPFPSAPSM 
301 DTTEAMLKQG WTPRRMFKEA DDFFTSLGLL PVPPEFWNKS MLEKPTDGRE VVCHASAWDF 
361 YNGKDFRIKQ CTTVNLEDLV VAHHEMGHIQ YFMQYKDLPV ALREGANPGF HEAIGDVLAL 
421 SVSTPKHLHS LNLLSSEGGS DEHDINFLMK MALDKIAFIP FSYLVDQWRW RVFDGSITKE 
481 NYNQEWWSLR LKYQGLCPPV PRTQGDFDPG AKFHIPSSVP YIRYFVSFII QFQFHEALCQ 
541 AAGHTGPLHK CDIYQSKEAG QRLATAMKLG FSRPWPEAMQ LITGQPNMSA SAMLSYFKPL 
601 LDWLRTENEL HGEKLGWPQY NWTPNSARSE GPLPDSGRVS FLGLDLDAQQ ARVGQWLLLF 
661 LGIALLVATL GLSQRLFSIR HRSLHRHSHG PQFDSEVELR HS 

Rabbit testis ACE derived from mature fJ'V""'LlA, 

(-32) MGQGWAAPGL PSLLLLLLCC GHSLLVPSRV AA (-1) 
1 RRVTVNQGTT SQATTTSKAT TSlRATTHQT TAHQTTQSPN LVTDEAEASR FVEEYDRSFQ 
61 AVWNEYAEAN WNYNTNITTE ASKILLQKNM QIANHTLTYG NWARRFDVSN FQNATSKRII 
121 KKVQDLQRAV LPVKELEEYN QILLDMETIY SVANVCRVDG SCLQLEPDLT NLMATSRKYD 
181 ELLWVWTSWR DKVGRAILPY FPKYVEFTNK AARLNGYVDA GDSWRSMYET PTLEQDLERL 
241 FQELQPLYLN LHAYVGRALH RHYGAQHINL EGPIPAHLLG NMWAQTWSNI YDLVAPFPSA 
301 STMDATEAMI KQGWTPRRMF EEADKFFISL GLLPVPPEFW NKSMLEKPTD GREVVCHASA 
361 WDFYNGKDFR IKQCTTVNME DLVVVHHEMG HIQYFMQYKD LPVALREGAN PGFHEAIGDV 
421 LALSVSTPKH LHSINLLSSE GGGYEHDINF LMKMALDKIA FIPFSYLVDE WRWRVFDGSI 
481 TKENYNQEWW SLRLKYQGLC PPAPRSQGDF DPGAKFHIPS SVPYIRYFVS FIIQFQFHEA 
541 LCKAAGHTGP LHTCDIYQSK EAGKRLADAM KLGYSKPWPE AMKVITGQPN MSASAMMNYF 
601 KPLMDWLLTE NGRHGEKLGW PQYTWTPNSA RSEGSLPDSG RVNFLGMNLD AQQARVGQWV 
661 LLFLGVALLL ASLGLTQRLF SIRYQSLRQP HHGPQFGSEV ELRHS 

Rabbit derived from 

1 MGQGWAAPGL PSLLLLLLCC GHSLLVPSRV AARRVTVNQG TTSQATTTSK ATTSlRATTH 
61 QTTAHQTTQS PNLVTDEAEA SRFVEEYDRS FQAVWNEYAE ANWNYNTNIT TEASKILLQK 
121 NMQIANHTLT YGNWARRFDV SNFQNATSKR IIKKVQDLQR AVLPVKELEE YNQILLDMET 
181 IYSVANVCRV DGSCLQLEPD LTNLMATSRK YDELLWVWTS WRDKVGRAIL PYFPKYVEFT 
241 NKAARLNGYV DAGDSWRSMY ETPTLEQDLE RLFQELQPLY LNLHAYVGRA LHRHYGAQHI 
301 NLEGPIPAHL LGNMWAQTWS NIYDLVAPFP SASTMDATEA MIKQGWTPRR MFEEADKFFI 
361 SLGLLPVPPE FWNKSMLEKP TDGREVVCHA SAWDFYNGKD FRIKQCTTVN MEDLVVVHHE 
421 MGHIQYFMQY KDLPVALREG ANPGFHEAIG DVLALSVSTP KHLHSINLLS SEGGGYEHDI 
481 NFLMKMALDK IAFIPFSYLV DEWRWRVFDG SITKENYNQE WWSLRLKYQG LCPPAPRSQG 
541 DFDPGAKFHI PSSVPYIRYF VSFIIQFQFH EALCKAAGHT GPLHTCDIYQ SKEAGKRLAD 
601 AMKLGYSKPW PEAMKVITGQ PNMSASAMMN YFKPLMDWLL TENGRHGEKL GWPQYTWTPN 
661 SARSEGSLPD SGRVNFLGMN LDAQQARVGQ WVLLFLGVAL LI.ASLGLTQR LFSIRYQSLR 
721 QPHHGPQFGS EVELRHS 

Mouse testis ACE derived from mature 

(-31) MGQGWATPGL PSFLFLLLCC GHHLLVLSQV A (-1) 
1 TDHVTANQGI TNQATTRSQT TTHQATIDQT TQIPNLETDE AKADRFVEEY DRTAQVLLNE 
61 YAEANWQYNT NITIEGSKIL LEKSTEVSNH TLKYGTRAKT FDVSNFQNSS IKRIIKKLQN 
121 LDRAVLPPKE LEEYNQILLD METTYSLSNI CYTNGTCMPL EPDLTNMMAT SRKYEELLWA 
181 WKSWRDKVGR AILPFFPKYV EFSNKIAKLN GYTDAGDSWR SLYESDNLEQ DLEKLYQELQ 
241 PLYLNLHAYV RRSLHRHYGS EYINLDGPIP AHLLGNMWAQ TWSNIYDLVA PFPSAPNIDA 
301 TEAMIKQGWT PRRIFKEADN FFTSLGLLPV PPEFWNKSML EKPTDGREVV CHPSAWDFYN 
361 GKDFRIKQCT SVNMEDLVIA HHEMGHIQYF MQYKDLPVTF REGANPGFHE AIGDlMALSV 
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421 STPKHLYSLN LLSTEGSGYE YDINFLMKMA LDKIAFIPFS YLIDQWRWRV FDGSITKENY 
481 NQEWWSLRLK YQGLCPPVPR SQGDFDPGSK FHVPANVPYV RYFVSFIIQF QFHEALCRAA 
541 GHTGPLHKCD IYQSKEAGKL LADAMKLGYS KPWPEAMKLI TGQPNMSASA MMNYFKPLTE 
601 WLVTENRRHG ETLGWPEYNW APNTARAEGS TAESNRVNFL GLYLEPQQAR VGQWVLLFLG 
661 VALLVATVGL AHRLYNIRNH HSLRRPHRGP QFGSEVELRH S 

Bovine Cdom , ..... ~,y .. '" C-domain derived from J;: .. ·."' .. vO. 

616 DEDEA RKFVEEYDRR SQVVWNEYAE ANWNYSTDIS TDNSKLLMEK 
661 NLQMANHTVK YGTWASKFDV TNFQNATMKR MIKKIQDLER AALPTKELEE YNQILLDMET 
721 VYSVASVCHE NGTCLRLEPD LTNLMATSRN YQDLAWAWKS WRDKVGRSIL PYFPKYVELT 
781 NKAARLNGYQ DGGDSWRSMY EMPFLEEELE QLFQELQPLY LNLHAYVRRA LHRHYGPDVI 
841 NLEGPIPAHL LGNMWAQSWS NIYDLVAPFP SAPKMDATEA MIKQGWTPLR MFKEADNFFT 
901 SLGLLPMPPE FWNKSMLEKP TDGREVVCHA SAWDFFNGKD FRIKQCTSVN MEDLVVAHHE 
961 MGHIQYFMQY KDLPVTFREG ANPGFHEAIG DVLALSVSTP THLHKINLLS SGDGGYEEDI 
1021 NFLMKMALEK IAFIPFSFLV DQWRWRVFDG SVTRENYNQE WWSLRLKYQG VCPPLARSQD 
1081 DFDPGAKFHI PASVPYVRYF VSFVIQFQFH QALCQAAGHQ GPLHKCDIYQ SKEAGKLLAD 
1141 AMKLGFSQPW PEAMRLITGQ SNMSASAMMT YPKPLVDWLV TENGRHGEKL GWPQYNWTPN 
1201 SARPGGPFVG SGRVNFLGLN LEEQQARVGQ WVLLFLGVAL LVATLGLTQR LFSIRHHSLR 
1261 GPHRGPQFGS EVELRHS 

Rat Cdom C-domain derived from 

616 DEANA NRFVEEYDRT AKVLWNEYAE ANWHYNTNIT IEGSKILLQK 
661 NKEVSNHTLK YGTWAKTFDV SNFQNSTIKR IIKKVQNVDR AVLPPNELEE YNQILLDMET 
721 TYSVANVCYT NGTCLSLEPD LTNlMATSRK YEELLWVWKS WRDKVGRAIL PFFPKYVDFS 
781 NKIAKLNGYS DAGDSWRSSY ESDDLEQDLE KLYQELQPLY LNLHAYVRRS LHRHYGSEYI 
841 NLDGPIPAHL LGNMWAQTWS NIYDLVAPFP SAPSIDATEA MIKQGWTPRR IFKEADNFFT 
901 SLGLLPVPPE FWNKSMLEKP TDGREVVCHA SAWDFYNGKD FRIKQCTSVN MEELVIAHHE 
961 MGHIQYFMQY KDLPVTFREG ANPGFHEAIG DVLALSVSTP KHLHSLNLLS SEGSGYEHDI 
1021 NFLMKMALDK IAFIPFSYLI DQWRWRVFDG SITKENYNQE WWSLRLKYQG LCPPVPRSQG 
1081 DFDPGSKFHV PANVPYIRYF ISFIIQFQFH EALCRAAGHT GPLYKCDIYQ SKEAGKLLAD 
1141 AMKLGYSKQW PEAMKIITGQ PNMSASAIMN YFKPLTEWLV TENRRHGETL GWPEYTWTPN 
1201 TARAEGSLPE SSRVNFLGMY LEPQQARVGQ WVLLFLGVAL LVATVGLAHR LYNIHNHHSL 
1261 RRPHRGPQFG SEVELRHS 

Human Ndom \~~.~_.~. N-<iomain derived from P12821 

(-29) 
1 
61 
121 
181 
241 
301 
361 
421 
481 
541 
601 

(-27) 
1 
61 
121 
181 
241 
301 
361 
421 
481 
541 
601 

MGAASGRRGP GLLLPLPLLL LLPPQPALA (-1) 
LDPGLQPGNF SADEAGAQLF AQSYNSSAEQ VLFQSVAASW AHDTNITAEN ARRQEEAALL 
SQEFAEAWGQ KAKELYEPIW QNFTDPQLRR lIGAVRTLGS ANLPLAKRQQ YNALLSNMSR 
IYSTAKVCLP NKTATCWSLD PDLTNlLASS RSYAMLLFAW EGWHNAAGIP LKPLYEDFTA 
LSNEAYKQDG FTHTGAYWRS WYNSPTFEDD LEHLYQQLEP LYLNLHAFVR RALHRRYGDR 
YINLRGPIPA HLLGDMWAQS WENIYDMVVP FPDKPNLDVT STMLQQGWNA THMFRVAEEF 
FTSLELSPMP PEFWEGSMLE KPADGREVVC HASAWDFYNR KDFRIKQCTR VTMDQLSTVH 
HEMGHIQYYL QYKDLPVSLR RGANPGFHEA IGDVLALSVS TPEHLHKIGL LDRVTNDTES 
DINYLLKMAL EKIAFLPFGY LVDQWRWGVF SGRTPPSRYN FDWWYLRTKY QGICPPVTRN 
ETHFDAGAKF HVPNVTPYIR YFVSFVLQFQ FHEALCKEAG YEGPLHQCDI YRSTKAGAKL 
RKVLQAGSSR PWQEVLKDMV GLDALDAQPL LKYFQPVTQW LQEQNQQNGE VLGWPEYQWH 
PPLPDNYPEG IDLVTDEA (A618) 

Ndom (Cllimpanzee N-<iomain derived from 

MGAASGRRGP GLLLPLLLLL PPQPALA (-1) 
LDPGLQPGNF SADEAGAQLF AQSYNSSAEQ VLFQSVAASW AHDTNITAEN ARRQEEAALL 
SQEFAEAWGQ KAKELYEPVW QNFTDPQLRR lIGAVRTLGS ANLPLAKRQQ YNALLSNMSR 
IYSTAKVCLP NKTATCWSLD PDLTNlLASS RSYAMLLFAW EGWHNAAGIP LKPLYEDFTA 
LSNEAYKQDG FTDTGAYWRS WYNSPTFEDD LEHLYQQLEP LYLNLHAFVR RALHRRYGDR 
YINLRGPIPA HLLGDMWAQS WENIYDMVVP FPDKPNLDVT STMLQQGWNA THMFRVAEEF 
FTSLELSPMP PEFWEGSMLE KPADGREVVC HASAWDFYNR KDFRIKQCTR VTMDQLSTVH 
HEMGHIQYYL QYKDLPVSLR GGANPGFHEA IGDVLALSVS TPAHLHKIGL LDNVTNDTES 
DINYLLKMAL EKIAFLPFGY LVDQWRWGVF SGRTPNSRYN FDWWYLRTKY QGICPPVTRN 
ETHFDAGAKF HVPNVTPYIR YFVSFVLQFQ FHEALCKEAG YEGPLHQCDI YQSTKAGAKL 
RKVLQAGSSR PWQEVLKDMV GLDALDAQPL LKYFQPVTQW LQEQNQQNGE VLGWPEYQWH 
PPLPDNYPEG IDLVTDEA (A618) 
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Rabbit Ndom N-domain derived from mature "'.V'L .... U,., 

(-33) 
1 
61 
121 
181 
241 
301 
361 
421 
481 
541 
601 

MGAAPGRRGP RLLRPPPPLL LLLLLLRPPP AAL (-1) 
TLDPGLLPGD FAADEAGARL FASSYNSSAE QVLFRSTAAS WAHDTNITAE NARRQEEEAL 
LSQEFAEAWG KKAKELYDPV WQNFTDPELR RIIGAVRTLG PANLPLAKRQ QYNSLLSNMS 
QIYSTGKVCF PNKTASCWSL DPDLNNlLAS SRSYAMLLFA WEGWHNAVGI PLKPLYQEFT 
ALSNEAYRQD GFSDTGAYWR SWYDSPTFEE DLERIYHQLE PLYLNLHAYV RRVLHRRYGD 
RYINLRGPIP AHLLGNMWAQ SWESIYDMVV PFPDKPNLDV TSTMVQKGWN ATHMFRVAEE 
FFTSLGLLPM PPEFWAESML EKPEDGREVV CHASAWDFYN RKDFRIKQCT QVTMDQLSTV 
HHEMGHVQYY LQYKDQPVSL RRANPGFHEA IGDVLALSVS TPAHLHKIGL LDHVTNDTES 
DINYLLKMAL EKIAFLPFGY LVDQWRWGVF SGRTPSSRYN FDWWYLRTKY QGICPPVVRN 
ETHFDAGAKF HIPSVTPYIR YFVSFVLQFQ FHQALCMEAG HQGPLHQCDI YQSTRAGAKL 
RAVLQAGCSR PWQEVLKDMV ASDALDAQPL LDYFQPVTQW LQEQNERNGE VLGWPEYQWR 
PPLPNNYPEG IDLVTDEA (A618) 

Bovine Ndom N -domain derived from "' .... " ... veL mature --~,.~ .. ~ \ 

(-29) MGAASGRRSP PLLLPLLLLL LPPPPVILE (-1) 
1 LDPALQPGNF PADEAGAQIF AASFNSSAEQ VLFQSTAASW AHDTNITEEN ARLQEEAALL 
61 SQEFSEAWGQ KAKDLFDFVW QNFTDPTLLR lIGAVRTLGP ANLDLEKRQK YNSLLSNMSR 
121 IYSTAKVCFP NKTAPCWSLD PELTNlLASS RSYTLLLYAW EGWHNAAGIP LKPLYQDFTA 
181 LSNEAYKQDG FSDTGAYWRS WYDSPTFTED LERLYQQLEP LYLNLHAYVR RALHRRYGDR 
241 YINLRGPIPA HLLGNMWAQS WENIYDTVVP FPDKPNLDVT DVMVQKGWNA THMFRVAEEF 
301 FTSLGLLPMP PEFWAESMLE KPSDGREWC HASAWDFYNR KDFRIKQCTR VTMDQLSTVH 
361 HEMGHVQITL QYKGQHVSLR RGANPGFHEA IGDVLALSVS TPAHLHKIGL LDQVTNDTES 
421 DINYLLKMAL EKIAFLPFGY LVDQWRWGVF SGRTRPCRYN YDWWYLRTKY QGICPPVVRN 
481 ETHFDAGAKF HVPNVTPYIR YFVSFVLQFQ FHEALCKEAG HQGPLHQCDI YQSTQAGAKL 
541 RALLQAGSSR PWQEVLKDMV GSDNLDARPL LSYFQPVTQW LEEQNQQNGE VLGWPEYQWR 
601 PPMPDNYPEG IDLVSDED (D618) 

Mouse Ndom N-domain derived from T>l\,[)A,",U\ mature __ .+_',n\ 

(-34) MGAASGQRGR WPLSPPLLML SLLVLLLQPS PAPA (-1) 
1 LDPGLQPGNF SPDEAGAQLF AESYNSSAEV VMFQSTVASW AHDTNITEEN ARRQEEAALV 
61 SQEFAEVWGK KAKELYESIW QNFTDSKLRR IIGSIRTLGP ANLPLAQRQQ YNSLLSNMSR 
121 IYSTGKVCFP NKTATCWSLD PELTNlLASS RSYAKLLFAW EGWHDAVGIP LKPLYQDFTA 
181 ISNEAYRQDD FSDTGAFWRS WYESPSFEES LEHIYHQLEP LYLNLHAYVR RALHRRYGDK 
241 YVNLRGPIPA HLLGDMWAQS WENIYDMVVP FPDKPNLDVT STMVQKGWNA THMFRVSEEF 
301 FTSLGLSPMP PEFWAESMLE KPTDGREWC HASAWDFYNR KDFRIKQCTR VTMEQLATVH 
361 HEMGHVQITL QYKDLHVSLR RGANPGFHEA IGDVLALSVS TPAHLHKIGL LDHVTNDIES 
421 DINYLLKMAL EKIAFLPFGY LVDQWRWGVF SGRTPPSRYN FDWWYLRTKY QGICPPVARN 
481 ETHFDAGAKF HIPNVTPYIR YFVSFVLQFQ FHQALCKEAG HQGPLHQCDI YQSTQAGAKL 
541 KQVLQAGCSR PWQEVLKDLV GSDALDAKAL LEYFQPVSQW LEEQNQRNGE VLGWPENQWR 
601 PPLPDNYPEG IDLETDEA (A618) 

Rat Ndom N-domain derived from mature I'''J'',"'',AI 

(-35) MGAASGQRGR WPLSPPLLML SLLLLLLLPP SPAPA (-1) 
1 LDPGLQPGNF SADEAGAQLF ADSYNSSAEV VMFQSTAASW AHDTNITEEN ARLQEEAALI 
61 NQEFAEVWGK KAKELYESIW QNFTDQKLRR IIGSVQTLGP ANLPLTQRLQ YNSLLSNMSR 
121 IYSTGKVCFP NKTATCWSLD PELTNlLASS RNYAKVLFAW EGWHDAVGIP LRPLYQDFTA 
181 LSNEAYRQDG FSDTGAYWRS WYESPSFEES LEHLYHQVEP LYLNLHAFVR RALHRRYGDK 
241 YINLRGPIPA HLLGDMWAQS WENIYDMVVP FPDKPNLDVT STMVQKGWNA THMFRVAEEF 
301 FTSLGLSPMP PEFWAESMLE KPADGREWC HASAWDFYNR KDFRIKQCTR VTMDQLSTVH 
361 HEMGHVQITL QYKDLHVSLR RGANPGFHEA IGDVLALSVS TPAHLHKIGL LDRVANDIES 
421 DINYLLKMAL EKIAFLPFGY LVDQWRWGVF SGRTPPSRYN YDWWYLRTKY QGICPPVARN 
481 ETHFDAGAKF HIPSVTPYIR YFVSFVLQFQ FHQALCKEAG HQGPLHQCDI YQSTKAGAKL 
541 QQVLQAGCSR PWQEVLKDLV GSDALDASAL MEYFQPVSQW LQEQNQRNGE VLGWPEYQWR 
601 PPLPDNYPEG IDLETDEA (A61B) 
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Chick ACE \ ,-,u.""",u 

1 AKELYGNIWS NFSDPQLKKI IGSIQTLGPS NLPLDKRQQY NTILSDMDKI YSTAKVCLDN 
61 GTCWDLEPDI SDlMATSRSY KKLLYAWEGW HNAAGNPLRA KYQEFVTLSN EAYQMDGFED 
121 TGSYWRSWYD STTFEDDLEH LYNQLEPLYL NLHAFVRRKL YDRYGPKYIN LKGPIPAHLL 
181 GNMWAQQWNN IYDLMVPYPD KPNLDVTNTM VNQGWNATHM FRVSEEFFTS LGLLEMPPEF 
241 WEKSMLEKPA DGREWCHAS AWDFYNRKDF RIKQCTTVTM EQLFTVHHEM GHVQYYLQYK 
301 DQPVSFRGGA NPGFHEAIGD VLSLSVSTPS HLQKIGLLSS AVEDEESNIN YLLKMALEKI 
361 AFLPFGYLID QWRWNVFSGR TPPSRYNYDW WYLRTKYQGI CAPVSRNESN FDPGAKYHIP 
421 GNTPYIRYFV SFILQFQFHK ALCQAANHTG PLHTCDIYMS KEAGAKLREV LKAGSSKSWQ 
481 EILFNLTGTD KMDAGALLEY FSPVTTWLQE QNNKTNEVLG WPEFDWRSPI PEGYPEGIDK 
541 IVDEAQAKEF LSEYNSTAEV VWNAYTEASW EYNTNITDHN KEVMLEKNLA MSKHTIEYGM 
601 RARQFDPSDF QDETVTRILN KLSVLERAAL PEDELKEYNT LLSDMETTYS VAKVCRENNT 
661 FHPLDPDLTD lLATSRDYNE LLFAWKGWWD ASGAKIKDKY KRYVELSNKA AVLNGYTDNG 
721 AYWRSLYETP TFEEDLERLY LQLQPLYLNL HAYVRRALYN KYGAEHISLK GPIPAHLLGN 
781 MWAQSWSNIF DLVMPFPDAT KVDATPAMKQ QGWTPKMMFE ESDRFFTSLG LIPMPQEFWD 
841 KSMIEKPADG REWCHASAW DFYNRKDFRI KQCTVVNMDD LITVHHEMGH VQYFLQYMDQ 
901 PISFRDGANP GFHEAIGDVM ALSVSTPKHL HSINLLDQVT ENEESDINYL MSIALDKIAF 
961 LPFGYLMDQW RWKVFDGRIK EDEYNQQWWN LRLKYQGLCP PVPRSEDDFD PGAKFHIPAN 
1021 VPYIRYFVSF VIQFQFHQAL CKAAGHTGPL HTCDIYQSKE AGKLLGDAMK LGFSKPWPEA 
1081 MQLITGQPNM SAEALMSYFE PLMTWLVKKN TENGEVLGWP EYSWTPYAVT EFHAATDTAD 
1141 FLGMSVGTKQ ATAGAWVLLA LALVFLITSI FLGVKLFSSR RKAFKSSSEM ELK 

DrosAnCE derived from 

(-17) MRLFLLALLA TLAVTQA (-1) 
1 LVKEEIQAKE YLENLNKELA KRTNVETEAA WAYGSNITDE NEKKKNEISA ELAKFMKEVA 
61 SDTTKFQWRS YQSEDLKRQF KALTKLGYAA LPEDDYAELL DTLSAMESNF AKVKVCDYKD 
121 STKCDLALDP EIEEVISKSR DHEELAYYWR EFYDKAGTAV RSQFERYVEL NTKAAKLNNF 
181 TSGAEAWLDE YEDDTFEQQL EDIFADIRPL YQQIHGYVRF RLRKHYGDAV VSETGPIPMH 
241 LLGNMWAQQW SEIADIVSPF PEKPLVDVSA EMEKQAYTPL KMFQMGDDFF TSMNLTKLPQ 
301 DFWDKSIIEK PTDGRDLVCH ASAWDFYLID DVRIKQCTRV TQDQLFTVHH ELGHIQYFLQ 
361 YQHQPFVYRT GANPGFHEAV GDVLSLSVST PKHLEKIGLL KDYVRDDEAR INQLFLTALD 
421 KIVFLPFAFT MDKYRWSLFR GEVDKANWNC AFWKLRDEYS GIEPPVVRSE KDFDAPAKYH 
481 ISADVEYLRY LVSFIIQFQF YKSAClKAGQ YDPDNVELPL DNCDIYGSAR AGAAFHNMLS 
541 MGASKPWPDA LEAFNGERIM SGKAlAEYFE PLRVWLEAEN IKNNVHIGWT TSNKCVSS 

DrosACEr derived from 

(-22) 
1 
61 
121 
181 
241 
301 
361 
421 
481 
541 
601 

Buffalo 

MGACNITVLL LVIMLWLPHG LS (-1 ) 
MGNSCSASVL EARRFFELEN EQLRRRFHEE FLSGYNYNTN VTEANRQAMI EVYARNAELN 
KRLAQQIKSS DYVQSEDADI RRQAEHLSKL GASALNADDY LALQNAISSM QTNYATATVC 
SYTNRSDCSL TLEPHIQERL SHSRDPAELA WYWREWHDKS GTPMRQNFAE YVRLTRKASQ 
LNGHRSYADY WVQFYEDPDF ERQLDATFKQ LLPLYRQLHG YVRFRLRQHY GPDVMPAEGN 
IPISLLGNMW GQSWNELLDL FTPYPEKPFV DVKAEMEKQG YTVQKLFELG DQFFQSLGMR 
ALPPSFWNLS VLTRPDDRQV VCHASAWDFY QDSDVRIKMC TEVDSHYFYV VHHELGHIQY 
YLQYEQQPAV YRGAPNPGFH EAVGDVIALS VMSAKHLKAI GLIENGRLDE KSRINQLFKQ 
ALSKIVFLPF GYAVDKYRYA VFRNELDESQ WNCGFWQMRS EFGGVEPPVF RTEKDFDPPA 
KYHIDADVEY LRYFAAHIFQ FQFHKVLCRK AGQYAPNNSR LTLDNCDIFG SKAAGRSLSQ 
FLSKGNSRHW KEVLEEFTGE TEMDPAALLE YFEPLYQWLK QENSRLGVPL GWGPTDKIPS 
DCCGTFST 

ACE \JJLU-la.'V ae1t1a1DDI!a irritans ____ ,,,, ___ > ACE derived from 

(18) MKLLWTlLA GLAVCHG (-1) 
1 ATKEEIVATE YLQNINKELA KHTNVETEVS WAYASNITDE NERLRNEISA ENAKFLKEVA 
61 KDIQKFNWRT YGSADVRRQF KSLSKTGYSA LPAEDYAELL EVLSAMESNF AKVRVCDYKN 
121 SAKCDLSLDP EIEEIITKSR DPEELKYYWT QFYDKAGTPT RSNFEKYVEL NTKSAKLNNF 
181 TDGAEVWLDE YEDATFEDQL EAIFEDIKPL YDQVHGYVRY RLNKFYGDEV VSKTGPLPMH 
241 LLGNMWAQQW SSIADIVSPF PEKPLVDVSD EMVAQGYTPL KMFQMGDDFF QSMGLKKLPQ 
301 EFWDKSILEK PDDGRDLVCH ASAWDFYLTD DVRIKQCTRV TQDQFFTVHH EMGHIQYFLQ 
361 YQHQPFVYRT GANPGFHEAV GDVLSLSVST PKHLERVGLL KNYVSDNEAR INQLFLTALD 
421 KIVFLPFAFT MDKYRWALFR GQADKSEWNC AFWKLREEYS GIEPPVVRTE KDFDAPAKYH 
481 VSADVEYLRY LVSFIIQFQF YKSACITAGE YVPNQTEYPL DNCDIYGSKE AGKLFENMLS 
541 LGASKPWPDA LEAFNGERTM TGKAIAEYFE PLRVWLEAVA VESLCHQRYK NVDL 
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Silkwonn ACE ACE derived from 

(-24) 
1 
61 
121 
181 
241 
301 
361 
421 
481 
541 
601 

MLKVGGGAVL lAAlVAVFIV ATQG (-1) 
RDPDLEAREH EAREYMLHLD KATGLRKNRA SLAEWEYTSN ITKENEEKSI QTHLELSRQE 
KAAWEETKMY GWQDFQDFTL RRMFKKYSQL GVAALPDDKF QALMRTVSGM ESNYATAKIC 
SYKNESKCDL SLEPEITEIF STSQDPEELK HAWVEWHNAA GATAKKNFTD YVNLYNEAAK 
LNGFDNVAEW WQSEYEVPDF EEQLAKLWED VKPLYQQLHA YVRKRLRDKY GDKVVSARGP 
IPAHLLGNMW AQTWNNIESF TRPYPDKKEI DVTQAMRDQN YTPMKMFQMS DEFFRSLNLT 
AMPEKFWKNS IIEKPTDREI VCHASAWDFF DGEDFRIKQC TTVDYEYFQT THHEMGHIQY 
YLQYRDQPVV FRDGANQGFH EAVGDTIALS VSSPKHLRRV GLATGDAEDE QTEINQLYKM 
GIDKIAFLPF AYTLDLFRYG VFRRKTLPED YNCHYWKLRE QLQGVEPPVN RTEDDFDAAA 
KYHVSSNVEY ARYYVSFIIQ FQFHRGVCQL AGEHAAGDPN KKLVDCDIYQ SVAAGNALAN 
MLKMGSSKPW PDAMEALTGQ REMKADGLLE YFRPLHDWLR AENQRTGEHI GWEPTNMEYC 
TPSQLSELNV KEPSSSPATQ QSDS 

Tick ACE ACE derived from 

(-29) 

1 
61 
121 
181 
241 
301 
361 
421 
481 
541 
601 

MAARSGSSAA DRFVAVALLA TALYATAAA (-1) 
DNFDTYLATL SNVSALIKDE AMGVAFIEGL NDPYTTINNV DSSSSWDYAS NITDYNQNMS 
NKVSTEVSKM ERQFGITAKR FDWHNFKNDS LKRLFRHVAT IGLAALPDDK LENATSLSSK 
MAAIYGSTKV TVGKDKDLPL EPDLTRNMKE VGNYDKLLQT WLAWHNAVGP AIKQYYIPYI 
KLSNEAASLD GYDNIKSAWL SDYETENMTE IVDKLWEDLS PLYKKLHAYV RMKLREIYPG 
RLPEDGTIPA HLLGNMWAQE WGTLYPHLTM EDKPLDISKT MVEQKWDAQK MFHAAEDFFT 
SLGLDNMTSE FWSKSILTKP EDREIQCHAS AWNMYNGDDF RIKMCTDPSV EELRTVHHEM 
GHIEYYMQYK HLHVLLQEGA NEGFHEAVGD LIALSVATKT HYGKLSLLKP TDKYNAVDLL 
LMSALDKIAF LPFGYLLDKW RWTIFTGETP FDKMNEKFWE YRIKYQGVSP PVKRNESFFD 
GGAKYHVALH VPYLRYFVAF ILQFQFHEHL CTVAKKVDEH HPFHECDIYG EKNAGDVLKK 
GLSLGRSKPW PDVLElMAGT RQMSASSLKK YYEPLEKWLD ERIKNEVVGW DKANVQDYMG 
VPSFANKVDF SAAAVLASIG VILFCWKNIS L 

1 LDPGLQPGNF SADEAGAQLF AQSYNSSAEQ VLFQSVAASW AHDTNITAIi.:N ARRQEEAALL 
61 SQEFAEAWI'3Q KAI<ELYEPIW ONFTDPQLRR IIGAVRTLGS ANLPIAKRQQ YNALLSNMSR 
121 IYSTAKVCLP NKTATCWSLD PDLTNlLABS RSYAMLLFAW EGWHNAAGIP LKPLYEDFTA 
181 LSNEAYKQDG FTDTGAYWRS WYNSPTFEDD LEHLYQQLEP LYLNLHAFVR RALHRRYGDR 
241 YINLRGPIPA HLI.GDM:NAQS WENIYDMVVP FPDKPNLDVT S'.I'MLQQGNNA THMFIlVAEEF 
301 FTSLELSPKP PEFWEGSMLE KPADGREVVC HASA'fiiIDFYNR KDFRIKQCTR VTMDQLSTVH 
361 HEMGHIQYYL QYKDLPVSLR RGANPGFHEA IGDVLALSVS TPEHLHKIGL LDRVTNDTES 
421 DINYI..:LKMAL EKIAFLPFGY LVDQWRWGVF SGRTPPSRYN FDWWYLRTKY QGICPPVTRN 
481 ETHFDAGAKF HVPNVTPYIR YFVSFVLQFQ FHEALCKEAG YEGPLHQCDI YRSTKAGAKL 
541 RKVLQAGSSR PWQEVLKDMV GLDALDAQPL LKYFQPVTQW LQEQNQQNGE VLGWPEYQWH 
601 PNSARSEGPL PDSGRVSFLG LDLDAQQARV GQWLLLFLGI ALLVATLGLS QRLFSIRHRS 
661 LHRHSHGPQF GSEVELRHS 

SomNBcl N--domain in 

1 SQQVTVTHGT SSQATTSSQT TTHQATAHQT SAQSPNLVTD EAEASKFVEE YDRTSQVVWN 
61 EYAEANWNYN TNITTETSKI LLQKNMQIAN HTLKYGTQAR KFDVNQLQNT TIKRIIKKVQ 
121 DLERAALPAQ ELEEYNKILL DMETTYSVAT VCHPNGSCLQ LEPDLTNVMA TSRKYEDLLW 
181 AWEGWRDKAG RAILQFYPKY VELINQAARL NGYVDAGDSW RSMYETPSLE QDLERLFQEL 
241 QPLYLNLHAY VRRALHRHYG AQHINLEGPI PAHLLGNMWA QTWSNIYDLV VPFPSAPSMD 
301 TTEAMLKQGW TPRRMFKEAD DFFTSLGLLP VPPEFWNKSM LEKPTDGREV VCHASAWDFY 
361 NGKDFRIKQC TTVNLEDLVV AHHEMGHIQY FMQYKDLPVA LREGANPGFH EAIGDVLALS 
421 VSTPKHLHSL NLLSSEGGSD EHDINFLMKM ALDKIAFIPF SYLVDQWRWR VFDGSITKEN 
481 YNQEWWSLRL KYQGLCPPVP RTQGDFDPGA KFHIPSSVPY IRYFVSFIIQ FQFHEALCQA 
541 AGHTGPLHKC DIYQSKEAGQ RLATAMKLGF SRPWPEAMQL ITGLDALDAQ PLLKYFQPVT 
601 QRLQEQNQQN GEVLGWPEYQ WHPNSARSEG PLPDSGRVSF LGLDLDAQQA RVGQWLLLFL 
661 GIALLVATLG LSQRLFSIRH RSLHRHSHGP QFGSEVELRH S 
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Table AlD.2) Useful websites 
Name Use URL 
NCBIEntrez PubMed & protein databases http://www.ncbi.nlm.nih.govlEntre:li 

Entrez Genome http://www.ncbi.nIm.nih.gov:80/entre:liquery.fcgi?db=Genome 
Taxonomy http://www.ncbi.n1m.nih.govlhtbin-post/Taxonomy/wgetorg 
Taxonomy searches http://www.ncbLn1m.nih.gov/entre:liquery.fcgi?db=Taxonomy 

Chemfinder Chemical structures http://www.chemfmder.com 
PubMed Literature searches http://www.ncbi.nIm.nih.gov/entre:liquery.fcgi?db=PubMed 
ExP ASy tools Protein analysis http://www.expasy.ch/tools/ 
TMPred Transmembrane prediction http://www.ch.embnet.org/softwareITMPRED form.html 
SignalP Signal sequence prediction http://www.cbs.dtu.dk/services/SignalP/ 
BLAST Protein homology searches http://www.ncbLn1m.nih.gov:80IBLAST/ 
ATCC Cell line data http://www.atcc.org/ 
NEB Restriction enzymes http://www.neb.com/neb/products/res enzymes/re frame.html 
PDB lite Find 3D structures http://pdb.weizmann.ac.il/pdb-binlpdblite ! 

Amos' links Everything http://www.expasy.ch/alinks.html 
mc J. Biological Chemistry http://www.jbc.org/search.dtl 
PNAS ProC. Nat. Acad. Sci. http://www.pnas.org/all.shtml 
PredictProtein Predicts secondary structure http://cubic.bioc.columbia.edulpredictproteinl 
Google Awesome search engine http://www.google.com/ 
Framingham Largest h, IJ'" u;;usiuu study hUlJ.II1uvtlr nhlhi nih.gov/aboutlframingharnlindex.html 

As the WWW is .... v •• ...,"""' ..... ) LlIJ~li:llo;;U, these sites may not be functional after 2001. 
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