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o Alkahne phoSphatas.es (AP’s) oompnse a famﬂy of 1gozymes whlch are dwtnbutedl R
" -_W1de1y in nature. Their function is unknown “There is evﬂenoe that m Xenopm ] SR |
fissue. nop- specific AP - (INAP) plays some fole in dxﬂ’erennanon and- - -
_ 'mOIPhOEGHGSIS during embryologlcal develOPment‘ The Jsoiatlon and elucldatlon of - -
the pnmaxy structure of the ThAP gene is one aspem; m the study of the fumoon_ S

of TNAP in the embryo and is the pnmary aim of th1s work, A )\gﬂo ¢DNA

hbrary const:uched thh mRNA from the neurula stage of the Xenopus embryo,

' ‘when AP actmty is at its lughest was obtamed and screenecl tor a cDNA
o correspondmg to the TNAP mRNA using mouse and- chJ.cken TNAP oDNA’s as- -
o __probes. A smgle pomtwe clone was 1solated and the msert fouud to be 700 base S

palrs long The msert, termed XC1, was. sequenced and found 10 correspond 1o the - ;_ . o
5 J:egion of the TNAP mRNA. XC1 mcludes 250 nucleotides of the 5’ untransiated .
Tegion of the 'INAP mRNA. Tl:us is followe;l by an open readmg franm that o

encodes a polypeptide of 155 amino acids. The deduced anilno acld s&t;uence of this

. polypeptide is 74 % homologous to the corresponding region in the mouSe TNApﬁ-

and about 50% and 20% homologous to the correspondmg regions: m the human '
PLAP and E, coli AP, respectively. This is analagons to the homology with other ’
TNAP’s. The polypeptide includes a putative signal peptldo at the N—temnnus of :
the TNAP of 17 ammo acids. Catalytically nnportant regions m";luded in ACJ viz. -

 the active site, one N—glycosylatmn signal metal ligand sites, and ﬁve alpha-hehcal '
and two bemusheet domams are all ]'ughly conserved when compared to all known =

AP sequences. The 5’ untranslated region of XCI shows no homology to other AP’s |
'wlnch is as expected. In Northern blot analyms, Xxc1 hybndxsed fo a smgle band
of 2.5 kﬂobase mRNA from neurula embryos under hnghly strmgent condmons '
Hybridisation pattems obtained from Southern blot analysxs of Xenopu.s'

chromosomal DNA dxgested with elght Iestncnon endonucleases, oﬁ'ered moleou1ar. -



RE ew.dence that the TNAP exPreSSed in neurula and other *‘tages is the 13'1'0‘31“ct Qfa"i.' REREREE
o mgle 00133r genet Further screemngs of the hbrary faﬁed t@ gwe the rest of the e
R X‘enopm TNAP sequence. XCI éan be use as a spcclﬁc probe to screen altemauve,.__: : .
nbranes to obtam the whole TNAP gene seqaence, and to study TNAP eme‘*S“’“-';f SR

m Xenopus tlssues and cells
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1T WR GDUCTION .

_ '.The ef:ustenoe !Df alkahoe phosphatases (AP’s) was ﬁxst desonbod more than a-"-' R
o century ago by 'Iamman (1885) when' extracts from vanous ammal ttssues were }
B : shown to posms phoszphatase actmty, i e were able to catalyze the hydrolys;s of -
' phosphate moxtoesters and convert orgamo phosphates into i morgamc form Suzulni _

et al (1907) '[irst suggested that such. enzymes oonstltuted a sepa:ate class of-__ R

. eukaryottcenzymes By 1913 theknowledgeonthm enzymewas extendedby the _
work of Gms'ier & Husler (1912), von Eule.t (1912) and lemler (1913) who - |
'_ _ showed that;, whllethts enzymewas present in avanetyofhssues it was present __
| mlughestamountmmteshnalmucosaandﬂmtacﬂwtywas ophmalatalkahpI-I,f-_ .
Much of theearly work on phosphatases was done on the enzyme from mammahan B

. intestines, pamcularly calf mtestme (Coleman 1992)

| The euzyme was. ﬁrst termed "phosphatase" m 1912 (von Euler & Funke, 1912) o
The Intematzonal Union of Biochelmstry (IUB) catalogued alkalme phosphatases as
o orthophOsphorio—monoestex phosphohydtolasea" with the mdex numberEC 31 3 1 -

(Intemauonal Umon of Bmchemstry, 1972)

Tt was as early as 1961 that Engstrom (1961 1962) showed that enzymauc catalysxs .
| mvolved the formation of phosphaudylsenne when mtestmal alkaline phosphatase '

(IAP) was mcubated with phosphate esters. Around the same tlme it became ev1dent

- that E, __cok possesses an enzyme similar to the mammahanIAP that is de_represmble y



ey E

by phosphate starvatmn (Honuchx et dl, 1959 Tomam, 1960) and whmh has A

B simﬂar catalytlc properttes, sxmﬂar pH—proﬁle and . which also forms the. same - o

o .:.Phosphosetyl mtermedlate as. the mtesunal enzyme (Coleman, 1992) In 1562 ot
~ Plocke etal. (1962) showed that alka]me phosphatases requue divalent. catmns, vie. .
Zing and magnesmm for full acu\nty It was. shown that these metal ions a,re' P
. essential for. mmal phosphate bmdmg and for the formatlon of the phOSpho.seryl"
B intermediate (Applebury et al, 1970) and for the dephosx!horylatlon of thls._-;- e

'mtanned:ate (Chlebowskx er al 1976)

s . Smce these early dlscovenes, 1t has becd.rme apparent that AP’s are part of ; an S

. enzyme system that has evolved substantlal camplemy 'I‘hls system Has. been‘ e T

: : - _smdaed at varmuvs levels and has not’ only led to-a greater undarstandmg of these':_" __
- enzymes, - thelr structural and funcuonal properties ‘but has also contnhuted L

. 'Slgmﬁcanﬂytoenzymozogym general Great ngfess has been made in molecular'__ ST

bmlogy, ‘and figw - Sophlstlcated technologxes are connnuaily addmg to our T EnE

o understandmg of thesa 1mportant enzymes
| 1;1.2__ | GENETIC_S_OF AIKALmE PHOSPHATASES

| '1.1;2.-1_' I_soz'yme_s;_and'_ évblﬁtioh T

In the seventles, several studies mvolwng 1mmunochenur;a1 charactensa&on, two-'_ -

- dimensional electrophoresis, partial proteolync peptlde mappmg and amino acid S
- Sequencing; mmcated that AP’s eaustmmuluple forms i.e. arecoded for by muln‘._._: L
- Iocus genes or ex1st as allelic varants or as hybnd polyrners, ‘that- result from__
intragenic or mtergemc complementatton (Greene & Sussman, 1973' Badger &

Sussman, 1976; McI{enna et al, 1979; Sergeant &. Stmson, 1979 Komoda e aI '

1981) ‘In humang, it has been found fhat several isozymes of AP exist wluch are

encoded by a multilocus fam:ly comprising of four different genes (Mﬁlén 1988) '_

Three- genes code for tissue-specific Me phosphatases (TS AP! 5 and these :
include the genes coding for intestinal AP (IAP), placental AP (PLAP) and | S
testicular germ-cell AP (GCAP). A mngl:._ggna codes for a tissue “‘.’ﬂ'SPQGZﬁC AP



o ('I‘NAP) that 1s expressgd m the hver, bone, kldney, ﬁbmblasts 1 tas and .
| _ea:Iy placenta and ina vanety of other tlssues at low’ levcls (Hummer & ] f lli o :
- 1991): The structure and sequence o AP genes have mmﬂy been detenmned lﬂ'_-__'-._i_'i-‘ SRS

o several. taboratories - (Kam é al, 1985; Hua ef al, 1986; Milldn, 1986; 1987; BRI

 Henthom ef al, 1986; 1987; 1988; Weiss ef al, 1986;-1988; Berger et al, 1987» P
- “Knoll et al, 1987; 1988; Milldn & Manes, 1988; Hisu: & Andersun, 1989 Hsu,
o 1991) 'I'lus has. enabled compal‘lsons to be made of the: stmcmres of the vanous S L
_'Jsozymes in dlﬁ‘erent ammals and o detennme thc evolutmnary relatmnslups of R

'th enzymes.

= .

o Most vertebrates have at least two AP lsozymes \ and 1t appears that all amma]s TR
- Pgssess an IAP (Hua e al 1986) The 1sozymes can. be dlst:mgulshed by ﬂl&lr L S
) thezmosl[ .&5’, mlubmon ]ﬂnetxcs (see section 1.1, 3 4), electrﬂphoretlc mob;hues e

" and unmunoreactwlty MS, 11989). Human PLAP and’ GCAP are very o
e thermostable surviving a temperature of 65°(;/§“0r an hour, whﬂe TNAP and APt

are mactwated under such condmons (Moss and Whltby, 1975 Wh1tby & Moss, . |
| .1975) Tlus property is often used to d13tmgu15h between TNAP and the tissue._--q_.___ L .
| '_specﬁc isozymes and has helped m determlmng in Whmh t1s5ues the vanous - |

1sozymes ar. expressed

The ‘thrae husnan TSAP genes all map to bands q34—q37 on the long arm of'_ -. S
_ ahromosome2 (Kam et al, 1985; Gnﬂin et al, 1987' Martm ot al 1987) Each is s

composed of 11 exons and 10 introns occupymg less than 5 0 kb of DNA

(Hoylaerts et al, 1992; Watanabe et al, 1992), The gene forTNAP 1s located atthe
end of the short arm of chromoson\e 1, mappmg to bands p34-p36 1 (Srmth et al _ e
1988). Thls gene is encoded by 13 exons (: é. contams two addmonal dlﬁ'erentlally : . o
spliced: e:xons in the 5’ region compared o the TSAP genes) and possesses__._ '

 significantly larger introns extendmg over 56 kb of DNA (Weiss et al 1988 Hsu

& Anderson, 1989), A similar genomlc OIgaulsaImn has also becn rep for the T

rat TNAP gene CI‘oh et al, 1989b)

The coding regions of the three 'I"SAP genes show 2 high degree thomology _



correspondmg to 90@8% 1dent1ty at the. protem level (Mﬂlén 1990 Watanabe et=_ R

R al, 1992) The mature TSAP’s possess smular Jmmunologmal and physmochenucal SRER

.y properhes (Watanabe et al, 1992) The amino acni sequence m‘.’ the ’l‘Nx‘&P is; S
however, onty 50-60% identical with either of the TSAP's (Heylacrts er al, 1992);
Immunologwal cross-reactnuty dOes ot occur between 'I‘NAP iz rat monse or . __'
~ human, and any of theTSAP’s f.rom these respectwe ammals (Mlsurm et a] 388) | )

- This confirms. the su.‘ctural difference between TNAP. and the TSAP 1sozymes s

| 'Parual cross-reactmty ocours lietween the TSAP’s ﬂom dlﬁ‘erent ammals. 'Ihus,' |

. one can infer that the TSAP's are more closely related 1mmunologlca11y to each:f o

o other tharx to TNAP (Goldsiaem et al 1982a)

N is mterestmg and of mgmﬁcance to thxs work that the TNAP sequences from'-_.; |

N d]ﬂ'etentvertebrabes mcludlngmouse rat, rabbit, chlclcen, bovmeandhuman, have o : -
- _been determmed and a11 show a lugh degree of homology, ie. greater than 80% o L
~(Hua et al, 1986). 1t appears that the TNAP gene has been fau‘ly ‘welt conserved L |
from the ch1cken and rnurme to the bovzne to the human enzyme (Hua e al, 1986) o

- ’I‘lus is probably due to its yery eaxly d1vergence from the anoestral ptecursor genc,

. and that the early form of the TNAP gene was well conserved during Subseqm:nt

'evolutmn due perhaps to a strong selectwe pressure to mamtam funcuon

- The E, coli AP has been charactenﬂed by Bradshaw et al (1981) The gene pha A o

coding for. this phosphatase is part of the pho regulon consmtang of at least 18 genes'_

coding for products involved in phosphate fransport and metabohsm_ (Cpleman & Lo

Besman, 1987; Gettins ef al, 1985; Ludke ef al, 1984). The'honiolo’gy between the -
human AP’s and E, coiz AP is only about 33-35% (I-onlaerts e: al, 1992) A d.lrect |

- _companson of the amino acid sequenccs of the human and E. coli AP’s can be e |

found in appendix D E coli possosses three different i 1sozymes of AP. However, .
these differ “only by the presence of an NI—I2~ternunal arginine remdue on the_ '

subunits of i 1sozyme 1'and the absence of the same on isozyme 3, with i 1sozyme 2
.bemg a heterodlmer of the two types of subunit (Bradshaw er al 1981) The SRR

relative proportions of each i 1sozyme depends on the growth condmons of the cells -

 (Bradshaw et al, 1981) This vaiety is claarly due to post—translatlonal o



»” . .. P

e LT

a ) '__mod1ﬁcat10ns m E. colz Post—translauonal prooessmg is also re3pons1b1e for the 3

: 'pmducuon of actwe AP’s in Sacmmmyces cerevwzae (Khonsky & Erm 1939)

- ’Bacu'lus snbtzl:s possesses a smnlar regulon to the one in E colr. wInch oodos forg Conn
- several species of AP, the major speoies expressed depending on he growth phase
o and wheﬂler the cell Is sporulatmg or is in a vegetatlve state (Hulett et al 1991) ) s o
__'I'he DNA soquences of the two rnosL 1mportant AP genes m B subtzhs show 64% :’ .
'=Yo1 _(Hulett et al .

" 1dent1ty, and 63% 1dont1ty at the pnmary amino auld soquence

= 1991) It appears that the vanous AP genes m B subt:h.s arosL bY. duphcauon of _: S

ans ancestral gene 'I'he duphcazes then rlwerged to pro d uce sPecles o f AP somehow | B

- 'berter sulted to perform speczﬁc fun&ﬁons m the ce]l undergomg certam growth ':. FEEE

(Brihlander & Mﬂlﬁn, 1991)

I B

Conmdermg the sequence homology and functmnal relatedness of the human TNAP_ R | |
~and TSAP- zsozymes, it has been’ suggested that these enzymes represent a . .

~ multilocus enZyme system” and that the lock codlng for the different 1sozymes' o

were derived, in the course of evoluuon, from a common ancestral gene which - o

underwent successive duphcauons (Hams 1979). A‘cpresent itis beheved that the |

IAP was the first ussue—s;_aocxﬁc isozyme to evolve from the hypothetlcal precursor o

gene (P1shman, 1990). 1t appears that the TAP in fish, amph1b1ans and reptﬂes al g

have the gene evolved from this precursor, but wh;ch evolved farther to gnre rige

to the "m‘}dem“ form found in . the higher vertebrates, birds and mammals e

_ _From an eVOluuonary pomt of vzcw functtonal dwemty can be created by sevoral | -
B -..mechamsms. Thesc include zhe duphcatlonofmancestml gene dlﬁ’erentlal mRNA- RS
| : 'sphcmg, allelic polymorpmsm and post—translatmnal modxﬁcaﬁons In tho case of' . __ ' e
. AP's; a combination of thes processes seems o apply (Exdhlander & Milldn, .~
 1991). Differential splicing has been observed for TNAP (Matsuura/ 7, 1990).
o | :.‘Dlﬁ'orenml Post- translatmnal modlﬁcattons of oarbohydrate moxeues; hsponﬁbie_ S
- for the different tlSSI.le 1soforms (IWer bone, lodney) of TNAP (Lehmazl, 1980) | )
Some degree of carbohydrate heherogenolty is also observed m the ‘I‘SAP xsommm-: o IR



S CFlshman, 1990) The protem codmg reglons of all the AP genes are mtempted at C

o analagous positions by introns wﬂh sphcejunctlons at identical Poslﬂons within thﬁ. S

.a smgle aneestral gene by a senes ef dupheauens (Welss et at 1988) The fact that_ i
| the TNAP gene ;son a separate chmmosome to that of the TSAP genes mdmates e
that the former gene diverged from the ancestral precursor gene much earher than =~ BECTR

L the TSAP genes

. ']’nere arethree common a.leles of PLAP and at least ﬂfteen 1are forms CFrOh]anﬂer.' o

o _&Mﬂlﬁn 1991) In fact PI.AP shows the h15hest degree of allehc vanatlon of an‘r*;

| enzyme studled to. date (Mﬂlén & Manes, 1988) and thls may correlate w:tth alate -
o appearanee in evolution (Donald & Rabson, 1974) Similar enzyme pel)’{mqrpmsmf__'__' U

i observed for GCAP. (Millin & Stigbrand, 1983; Milldn & Manes, 1988; e
" Watanabe er'al, 1989; Lowe & Strauss, 1990; Hendrix er al, 1990). Alo

supporting the 1dea that PLAP appeared Only recently in evolunon is-the faCt that o S
_,'_'thls 1sozyme 1s only detectable in the placenta of man, and in the great apeg, , e '
) the orangutan and chzrnpanzee (Doellgast & Bemrschke, 19’79 Geldstem & Hams’ ﬁ_ S
N ]979 Goldstem etal 1982a) GCAP is only feundmhumans (Ma:nes et al 1990) L
- No enzyme Pﬁlymorphxsm has been observed for IAP or 'INAP Thxs may be, due-. S oo
to the fact that very few electmphoretlc studles of these enzymes have been S
| _perinrmed (Frohlander & Milidn, 1991) Al other vertebrateS appear to express'-" _. R

2 TNAP in the placenta (Knoll et al, 1988). Figure 1,1 lllustrates a tentative model' o

o of the evoluuon of the human AP gene farruly

Probmg mouse genomlc Ilbranes with a full length human PLAP eDNA revealed E

that the mouse has three TSAP genes w1th an orgamsatmn analogous to that of the - ._
- three human TSAP genes (Manes et al, 1990). The. three genes are the mouse R

_ embryomc AP (BAP) gene, intestinal AP (IAP) gene and a putatwe pseudegene. "

Reverse—transcnptase polymerase cha:m reacnon nf RNA revealed that the EAP_ | |
gene ig expressed in the two-cell to blastocyst stage preimplantatlon embryo andis -

' re-expressed in the testls, thymus and mtestme in the adult (Hahnel et al, 1990)
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F'igil‘re.'l 1 A& tenative modsl of the evo[uuonary relauonshm of tho human AP isozymes (ﬁ"’m o

_ Fréhlander & Mﬂldn 199 l)

 TSSUENONSPECIG - - . <. INTESTINAL .~ - GERMGELL . ~ - ~ PLACEHTAL . |

| .Based on con:elated nssue~spoc1ﬁc expressmn, it woulcl appear tha;t tho rnouse'_ o
' embryomc AP (EAP) gene, 18 a direct ancostor of tho human GCAP and Lhat the 3 .
mouse IAP is a direct ancestor of the human IAP gone (Nansawa et dl, 1992) A S

h1stochemical study of two- to elght-cell stage embryo also indicated that EAP has :
'_ characteristics similar to PLAP and GCAP, mcludmg h1gh heat stabﬂity and oross- L

B reacuvxty with anti-PLAP polyclonal antisera (Lepu-e & meek 1989) However R
comparing protein and DNA. sequences indicates that the human and mouse AP

genes dwersﬁed gfter rodent and primate radlauon, i.e, the human, and mouse AP-_
genes form two d1st1nct isozyme clusters that evolved separately (Manes et al,
' 1990) Moreover the high degree of homology between mouse and huma.n IAP .

~ (80. 3%), ilnd phylogenouc analyms, suggests: that the mouse TAP and the human- o

TSAP geiie family are descended from the same ancestral gene (Manes et al, 1990), '-

The third gene found in the mouse appears’ not to be expressed. The: above

arguments for a taxon-spocxﬁc evolutton of the ’I'E‘eAP gene famlly also explams why



_ | :. :_'sueh a pseudegene is net found m h,umans (Manes ex al 1990) S1mﬂarly, 1t a]se E
N __explams why hum.ms have a PLAP gene niot. found in ‘mice smee as dlscussed o

o above t[us gene is apparently a very late evolutlenary pmduct

: o 'I‘he degree of aliehsm ebserved in- the human §

but mdlcate that unusual genetlc mechamsms are funct;omng in the AP gene famﬂy o R

-'___'I‘he melecalar basxs fer the dﬂferences between Isozymes, wz the observed_f:__ el
"_""_dlﬂ'erences m 1mmunereact1v1ty and alse the posmble dlﬁ’erences m subsu-ate-.'f_ _ .. R
- *specificity, “Pf’ﬁeﬂtfy being Smdled ~iohiefly by suerdlrected mutagenesls Studies S

Cof PLAP a]lozymes and PLAP and GCAP isozymes are showmg which mdlwdual" RETAE

- ._amme acid r.es1dues m th.e pnmary structure are ch1eﬂy respenslble for the sPec:lﬁc :z_ o

s _.3-D aeenfonnauen of -the speclﬁc enzyme Whlch determines: 1ts 1mmune and
'.funenonal Sp&Clﬁclty Subsututmn of | even one of these remdues can’ have drashc'? '- B '
' :ef:ects for example the eﬁect en. ammo aCId 1nh1b1uen (see sectmn 1 1. 3 4) o
. ._ .(HOYIaerts &N.ﬁllén 1991). Thesubstltutlon ofasmgle amino acld converts GCAP :
o an enzyme with all the properties of PLAP (Watanabe ef a, 1991). The human}f R
“TNAP differs from the: TSAP's mamly in 2 loop region (see section 1.13.1).
defined by amino-acid residues 400 - 430 (Milldn, 1990). Clearly, these aa
differences have a great impact on the overa]l S-D conformation of these enzymes'_.__'_i_ R

o ._resultmg in the observed dlft‘erences

1122 M"]"c“l“?’ Biology of Alle_i]ine_.' Phosphatases

In humatie, ]'AP is normally expressed. ili foetal -ne*enatal' a’nd adult i'n'tee'tine," n'iore "

] ";and GCAP and t:he sumlar '_ _:- - -
: B d1ver51ty in number and. types of AP genes m meuseand humans are not. understeed o .

- .- (Manes et dl, 1990) The PUIPOSe Df ﬂus leEtSlty may become clear When Lhe' B SRS
e s spemﬂe functmns of these enzymes are determmed . c

o spec1ﬁcally1nthe microvillous border of the epxthehal cells ef the mteshnal mucosa. o
(Hugon & Borgers,_ 1966; Milldn, 1990). PLAP is detected in the

B syncyuotropheblast cells ef the placenta ftom about the e1ght11 week of gestauen o "
throughout pregnancy (Fishman et a.I 1976) GCAP 1s expressed in. pmnerdm .



_'germ ce]ls durmg their nugratton down the gemtal ndges (I-Iustm et az 1937), and_ ' e -.
| s found i m trace amounts during the ﬁrst stages ofgerm ee]l mamratton i nomm | - o
g adult festis (Chang eta! 1980), and is also expressed m the ﬂ‘tymus (Goldstem et' o Lo
 al, 1982D). dees its expression in such tissues as the Jiver, bone, kidney, lung'__ S

and placenta (until about the twelfth week of pregnancy), TNAP is also found in |
) :hlgh ammcunts in the osteoblasts of nnnerahsmg bone (McComb et al, 1979)

. “The two active mouse TSAP genes (EAP and IAP) and the three huma.n TSAP'- L

- genes all ‘contain three very well conserved prox:rnal promoter elements, L .e..a_n -

SP1 bmdtng site W1thm a 25 bp sequence a GGGAGGG box and a’ TATA:' )

- {A’I‘I’I‘AAA) box within a_ conserved sequence of 35 nucleotldes (Mlllén 1987' |

Manes et‘ al 1990) Clearly, these elernents must play an 1mportant role in ensurmg_ B B
the nssue-spectﬂc exprs ssion of these genes. Other work has mdlcated}?‘_ that these o

- proximal promoter elements are suﬂiment to account for expressic
GCAP gene in"tissue culture cells as well as in - the ttssues of transgemc mtoe' -

© (Manes et al 1990) Snnﬂarly, upstream and downstream regulatory elements in
the TAP genes of dtfferent amma]s appear to be conserved and are responstble for s

o mtestmal—spemﬁc expresmon (Manes et al 1990)

1

- The mouse TSAP genes aiso have consensus bmdmg sites for the nut.lear factors‘

AP1 (Angel et al, 198'7) and AP2 (Imagawa et‘ al, 1987), as well as a conserved _'
CACCC box (Myers et o, 1986) and sites for C/EBP (Graves &t al, 1986) and the

. cAMP fesponsive element (Monttmny el al, 1986; Manes et al, 1990) The EAP

gene possesses a sequence of 35 consecutive guanme rcsu'jues at the 3 untranslated -
‘Tegion which has the potential to form triple-helical DNA structures and may play o
a regulatory role (Kohvwi & Kohw:t-Shlgematsu, 1988,; Manes et al, 1990) The

mouse IAP gene also possesses { 4 regions, one a 65 bp stretch- of altematmg | o

' guanines and adenines, and the other a 50 bp stretch of alternating cytosmes and'___ -
- 'thynudmes whtch are able to form triple helical DNA stl:uctures which may also |
be involved in the regulation of expressmn ‘of this gene (Kohw1 & Kohm-- E _'

- Shsgematsu, 1988; Manes et al, 1990) Further work is needed 10 estabhsh the
- sxgmﬂcance of thcse conserved sequences in ttssue—spcctﬁc expres:non o



promoter may have been vamred latv ;m evolunon as a chstmct unit, perhaps nooo B
a DNA transposrtton event An llbp d]i‘eet repeat found ﬂank:mg the promoter and-
first exon of fully sequenced TNAP genes supports this: hypothet‘.ls ﬂﬂerss ef al _
1988). It i is posslble that t.h\.- newly acqurred unit i Js what confel‘red the Wldespread : o
pattern of tissue expression characterisho of TNAP genes, unhke the: other genes .
 that are hssue—spemﬁo (Welss eraI 1933) SR

The addmonal exons m the TNAP gene has drawn much mtesest, sinice -
o different nromoter regrons and two alternatrve mRNA’ have been found in rat R
- mouse and human (Toh e af, 1989a; Tob e al, 1989b; Toh e al, 1990; Matsudra =~
| ‘etal, 1990) These two RNA’s differ at their 5" ends, specj_ﬁcaﬂy at a pnsmon 8 >
o m]cleondes upstream of the :mztlatmn codon A’I‘G Exons 3t0 13 are ¢ ommcm to' - o |
both mRNA’s 'I’he one form of RNA (EI) has the ﬁrst exon, whrch ig 36 kbp o
_npstream from the 5 end of exon. 3 The, other 'I'NA’P mRNA (EZ) has exon 2.

" which occurs 10 kbp from exon 3 in the TNAP gene:. Sl nuclease mappmg h:nd_ T

T

SO

 primer extension showed that there are tWo mdependent promoters Specﬂic to each- S B
- of the El and B2 RNA’S The poss1b1e roles of the two promoters in gene
"""regulatton, and of the drﬁ‘erentlal sphcmg, remam to be proved It has been-__-; _
snggested that the extra non-codmg exon together with the adjacent TNAP’ gene ! SN

Al newly translated AP's contain both amino— and carboxyl-temunal sxgnal pepttde o
' chains which are responsible for transport of the AP to-the cell membrane

(Watanabe ef al, 1992), The amino-terminal signal peptide is found to be leucine- -

rich, is marnly hydrophohm, and is snnﬂar to the signal peptldes of other secretory

e (R
a ’I'he clonmg and sequencmg of the va.nous AP genes from dlfferent ammals 1s"..'." .. o |
* mostly recent work (late 1980°5), Only with further research and comparisons of
) forthcommg mformation about the structure and funetrons of these genes and then:'; " e

variant alleles will it become clét How the specific’ expressmn of these genes 13;:‘ S

: brought about and controlled (Hahnel & SchuItz 1989)

. proteins such as mouse epidermal growth factor precursor and. human panereahe R
polypeptu:le hormone precursor (Soott et al, 1983; ; Schwartz et al, 1984) The signal
pephdes of ail AP’s have a srgmﬁcant degree of homology, ie. about 30% (Kam'-




. .

;.:-et al, 1985) These slgnal pepudes are 1emoved fmm the tpmtem dutmg R

R post«translatlonal pmcesﬂng (Ogata et aI, 1988)

. Post—tra.nslatmnal mod:ﬁcatlon playsanunportant rolem producmg actweAP 'I‘he?_:_-_. _
-'major form of modification is. glycosylation (Hua er af, 1986) ‘A oonsensus" T
| sequenca tlmtdeﬁnesaglvcowlatmnmgmlhasbeenﬁanhﬂed as Asn—Xaa ThrISes o | -
~ (illdn, 1988). The TSAP’s have two such sites, whereas TNAP’s in mouse, rat, R

" bovine, and hsmans have ﬁve potmual glycosylauon sites, These sltesoccurat the

- 'same posmons in all these enzymes except in the mouse: TSAP’s where the_ :

posmons differ shghtly due to mut.tions (Manes et al; 1990) The most well o |
studied AP in this regard is the human PLAP, probablc because 1t was. the ﬁrst JBE

' -cuknryottc AP to be extmched m pure form and then fully sequenced (&ﬁ]lén, .
1986). In the mature PLAP, only the Asn residue at position 249 is glycosylated-'

[ (Mi]ldn 1986). 1t has been shown that the glycan mmeth play m‘lpartant roles,-_ o
 such as maintenance of polypepude conformahon and solub:hty, profection from R
proteolytlc degmdation, productmn of slgnals for mtmoeﬂular sortmg and' '

_extemahsatlon, and for catalytic activity of glycoprotems (Watanabe et al, 1992) -
However, recent ‘work has shawn that AP mubants lackmg N- linked ohgosamhande s

side chaing are stable, are enzymatlcally actwc and are stxll anchored 10 the plasma B o

‘membrane (Watanabe et 2, 1992). TNAP’s isolated from different tlssues from the
same animal oftan have slightly dlﬂ:‘erent electrophorehc moblhty and
 thermostability (Weiss ér af, 1988). From comparisons of Southem bl_ot_s and c_loned

genomic DNA's, it appears that onily one gene codes for TNAP in ‘thumans (Weiss.
et «f 1988). It is possible that these dlﬂ’erences are partly dua to dxﬂ'erentlal o

glycosylation of the five potential slbes More detailed analysm of TNAP's: extracted
‘from different tissues should clarify whether this or other post-tmnslatlonal .
modifications are responsible, and whether they are unportant factors m 'I'NAP __
function in the dxﬂ’ermt tissues, - - :

| Another ilnportant t—translauonal modxﬁcauon of AP’s is the process whmh_
anchores them into the cell membrane; Ixuuauy, the precursor enzyme s
glycosylahed at Asp““ with Mgh-mannosee-type ohgosaochandes and thls' :



m.ermedxate form of the enzyme is further pracessed by pmteolysm which 7 remwes e
the: hydrophobmpepude clomam preu‘*nt at the C*-termmus (makmg Asp"“ the C— o
terminal aa). This peptide is replaeed with glycohprd Crakarm et al, 1988) 'I'hls

. glyeolipid is compnsed of the following eomponents (Cross, }987) palmmc acrd

and stearic acid both of wluch eonsntute phosphatrdyhnosrtol of which the mos:tol_" B

B s glycosrdrca]ly hnkecl to an ohgosaechande of glucosamme and mannose Thns' o |

 oligosaccharide is, in twm, linked to ethanolanune which is then lmked to the C-

terminal amino acxd (Ast) of the PLAP In this way the PLAP is anchored tothe - |

plasma membrarne via a phosphatrdyhnomtol glycan (PIG) anchor attached to Asp™ o
' (Mrcanovw et al, 1988) It appears that all other AP's are membmne bound in
much the same’ way (Ogata et al, 1988' Watanabe et al, .1992) except the

prokaryonc enzymes whlch are penplasnuc in locatlon (Milldn, 1990), -_and have

neither carbohydrate nor a fati:}r acxd tail (Kim. & Wyckoﬁ 1991) ‘The way AP’
- are anchored in the plasma membrane is schemaucaﬂy represented in ﬂgure 1.2,

1 eproTEMW

@ PROTEMES

c-renmmn. .
. AMINO ACID

ETHANGLAMINE —~(GLYCAN ) GLUCUSAMINE |

MEMBRANE : S
: : 1,2«DIACVLGLYCEROL

Figure 1.2 - The C-terminsl struoture proposed to Jink proteins to phosphatldyhnomml in the plaga
membrane, This general structure is largely based on inforation derived from the variable surface
glycoprotein of Trypanasome brucei. Date. available on othier proteins that are anchored to PI suggests
that they are attached by a similar structure. The actual composition and arranpement of sagars in the
~ glyean probably vary, The sites of action of various agenta used inthe determmetlon ofthis siructm-e are
shown (Adapted from Low et al, 1986),



o -Intracham dtsulﬁde bonds ate s furmed dunng transpnrt of the enzyme 0 the cell P
' tnembrané (Derman & Beckthh 1991). Thus, externalisation of AP is eoupléd to R

L __ 'ut!:er prooesses which: are necessaxy for producuon of ac;twe enzyme S
o 1ismocamﬂsmymmlmmosmT AS’ES“J B

 ] .1.1;".'3._1 Q@n@‘&l-'s:_tjaétu@ f- G

- thracuon o’f AP was nuttaliy thﬁeult, m‘uhly due o a ldck of qmck and rehable' S

o methods to measure phosphatase acuvzty, arld due 1;0 dxﬁculty in solublhsmg t;l1e'."‘-..-__' S

. -enzyme, In 1933 Bodansky (1933)

colonmetnc assays for maasunng ST

' phosphatase actmty However, it was only m 1950 that Mortcn (1950) was ahle to; e
_"'extract AP in a relauvely pute form USmg n-butanol. hzs clea:fy mdxcated that the | FRE

. enzyme was ‘mémbrane bound Smce then, the enzyme has been isolated fram“"".. =

""'..._"31'10118" tlsr,ues mcludmg plaoeﬁta, h.fer, boné, kxdney a,nd intestine aud studles' '
N revealed thesé to be.ﬂu glyc(.\protmns (I‘repanier et at 1976). More mﬂm ifwas
 found that AP's- ‘could . be extracted from various - miammalian tlSSUBS usmg.'__ o

: phosphatldyhnosuol-spemﬁc phospho]ipase o} (PI—PLC) whmh mdw.ated tbat the AP
 was anchored to. the’ plasma membmne vla a covalcnt aMhment o (
' _phosphatldyhnosml (*-Iamylak & Stmson, 1988) R

'In E cal.'., the AP exist§ in the penplasmxc space as 2 homod1mer each subumt\ -

o contammg 449 {or 450 if u ‘variable Arg remdue at the artino termmus ig mluded) A
~ amino acids (Bradshaw. ¢t al, 1981). Four Cys _ras;dues are p]:_escnt as two
 intrachain disulphides (Coleman, 1992). The human AP’s are also homodimeric
g]ycoprotems it their active form, with moleclﬂar wel,ghts rangmg between 120and - ) o
140 kD (Kam et al, 1985) The monomenc ‘subunits appea.r to be lnact:we ('Ihkanu_ '- .
et al, 1983). The monomers show a small vanabﬂlty m theu: almﬁb acid cham L
length: TNAP monomers are cach composed of 507 ammo acxds {Weiss' e: al L
1986), IAP of 509 (Henthorn et az, 1987), PLAP and GCAP of 513 each (lelﬁn L

* 1986; Millds and Mases, 1988)



o _At present thecrystallographlc stmctme ofnauveE coli AP haa been smdlod at _ .
a resolution of 2,0 A (Kim & Wyckoff, 1991), The overall shape and pelypepide
_ oonformaﬁon found from t'hls structure 1s shown in ﬁgure 1 3A. The Mdmy: o
. structure. of a monomer is represented as a Iibbtm diagra.rn in ﬂgmro 138, 'I'h,;: | __
 enzyme is basically a 2-fold symmetric dimer (100 A x 50.& x 50 &) wititwo
~ active sites Iocaued about 30 A from each other. Each subunit shows typmai ajﬁ e o

_tupology, The overall structure oonmsts of, a qenttal ten—stranded B-»sheet,

oy IS a-helices, and a minor three-straded 3-sheet with 4 helix on the top. ’I‘he o
:_"actwecentrexslocatedatthecarboxyl ondofﬁlecenttalﬂusheet and onemonomer R
 pravidss all the ligands to the thies metal fons (Coleman 1992). Together with the -

 metal t:nplet and thmr hgands thc throo resldues A,gplﬂl,serlm A]a““ @ sequemojl o

 that i found in most sexine: PfOWases ancfall eukaryouc AP’ (Chaldaroglou & BT

o :"_;'Kantromtz 1989)), Arg'® and some ofier amind kcidg comprise the active sie
- region (Coleman, 1992). The resicue a¢ position 101 interacts electrostatically with

N i Argi“‘ which is- helwvod to constram Ber'® ; in the proper posmon 1mportant for . S
o catalync acsi‘nty ofthe enzyme (SowadskY£t d, wes. o

_oequem‘.e. ahgnment and conservahon of lmpoﬂnnt I&Slﬂlles 1nd1cate that all A:I?’s ; o
share much the samo stmctum desmibod above (lvﬁ]lﬁ.n 1988) The areas known o
to adopt oz-hohx or S-strand conformatwn show a much “higher peroentagﬁ‘ of

homology than do the more relaxed loop areas, and the regmns that adopt ﬁ»strand ]

conformation are more oonservod than the of—hehx reglous - the coplanar ﬁ-shoets. N

- are 80-88% homologous mcludmg conservatwe replacements (Mi]lﬁn 1990)

_The key residues that constitute the catalyuc s.;te are oonserved in a]l lsozymes

sequenced thus far (Milldn, 1990). Each active site in aach subumt of AP.contains
~ two zinc jons and one magnesium ion (Coleman, 1992) The amino acid remdues SO
'~ that act as hgands to these metal—contammg sxtes, p:ovxde ooordmauon of ﬂle mns: ) -

in the enzyme (Millgn, 1990). A very hlgh. degree of hgand oonservat;on s

observed in all AT’s so far soquencod and tlns suggests the lmportant functlonal | - -

role of the metal sites (Mﬂl&in 1690).



. Figurl; 1.3 (A) The alpha-carbos teace of e compiete dimer of E. coll alkaline phosphatase \'?iewad'- '
with its non-crystallographic two-fold axis vectical end its maximum dimension horizontal, The tibe.
radins is.0.5A and the 3 metal jons ace shown a5 spheres, The 2 active sites ace about 304, apart, &)y

A ribbon drawing of 2 monomer of alkaline phosphatase. Tha stippled sphere.s represent the 3 metai s:tes '
(From Kim & Wyekoﬂ’, !99 1) . '



B -'1;1-3-2- MechamSm of _Cata_if_Sis'Q-" L

The' catalytxc mechamsm of AP’s has been mve.sngated in many chemlcal aneu&

- (Bradshaw et al 1981 Coleman & Gettms, 1983 Coleman, 1992), and stmcrural ) |
- (Sowadsh et al 1985) Stlldles The generally accepted: catalync rnechamsm, e
o including both hydmlysm and phosphotransferase actmtleq is ﬂlustrated in scheme S
1, first proposecl by WllSOl‘l & Dayan (1965) This scheme includes the formation. AR |
ofa covalent phOSphoenzyme complex E—P where ‘the substrate is ROP (any_. e
- phosphate monoester), ROH isthe. alcohol product R’OH isthe phosphate acceptor o i
o and R'OP is the phcsphorylated ‘aceeptor. '_I‘he h}’drolySls of E~P mvolves both e
. '..-ft‘ormatwn and dlsSOmatmn of the non-cwaIEntEP complex T R

" Scheme 1 Proposed mechanists of_A:ét;-_gtaiysis_.. :-2 Lo

| Hydrolysus

'ﬁbﬂ, o
E+ROP ——;T,;S E- ROP #E P

8 k~z_

Phosphotransferase

R'O'. T E'R’QP%}""‘ A E-|- R.DP :

o Ttis 1mportant to note that the Ser readue at posmon 102 in the E cal; AP and in-

homologous positions in other AP’s (mammalwn TSAP’s have Ser”?, TNAP’S have

Ser” (Engstrom, 1961, 1962; Garattini et af,. 1987* Hoylaerts or al, 1992;
Watanabe et al, 1992)) is the residua that binds phosphate (Watanabe et a! 1892). : | ;
The Ser residue is responmble for a nucleophlhc attack on the phos,phorus of the

substrate and covalent bmdmg of the phosphate group formmg the phosjph cryl-y B

N



_' enzyme mtennedlate (E-P) Thls was alreaﬂy ﬂlustrawd in {he early 1950'5 whcn' N Z:' o
o '_mtermedlates w:nth Ser~102 phosphorylated (u E. cok') we.re 1solated and studled - o _
| '.(Schwartzo& Idpman, 1961; Engsirom, 1962; Schwartz et al, 1963). Water::-f L
(hydrolyms), ‘or “an -alternative: nucleophilic aceeptor (ttaﬂsphOSPhOIylathﬂ)a . | o
dephnsphnry]ates the phosﬁorylenzyme intermediate. Ammo alcohols ‘such as» _

'_ . ethanolamme and. 'I'ns (hydroxymethyljanummethane wluch can'y the charged
| 'ammo group on the cathon adjaccnt 10 that cauymg the OH acceptor are- most

o -eﬂ’ecttw phosphate aecept()rs in transphosphorylauon reactlons (Dayan & Wﬂsm, L

. _'1964, Wi.lson etal, 1964~ Coleman n & Gettms, 1983)

- Smoe the structure of the actwe mte regmn of AP ig found to be hlghly consarved_-f o E |
o in AP’ s from mammals and other vertebrates, the same reaction mechamsm 13 S

| believed to apply o all AP's o far studied (Klm & Wyckoﬂ', 1991)

mﬁKme*cs of'cata.w‘s:is - S

- As mentwned earher assays for AP actmty were. ﬁrst developed by Bodansky_ o E
© (1933). Using these assays, the kinetics of AP actmty under dlﬂ’erent cOndmons"_ o |

* could be studied, It was found AP obeyed Michaglis-Menten kinefics (Folley &
. Kay, 1935). More. J:ecently,r mull:muclear N"MR has been apphed 10 study tlle'_"- o

icnetios of AP activity (Coleman & Gettins, 1983). In particular, P NMR signals B

- from substrates and products of AP have been used to measure the rates and : :
product ratios for the hydrolysis and phosphotransferase reacttons (Gemns et al, o
1985). The E, coli énzyme has been studmd most extensmaly and has thus served S

‘asa prototype for the study of other AP’s present in prokaryouc and eukaryotlc o

_ orgamsms (Chaldaroglou & Kantrowitz 1989)

” _The rate of catalysis _fouows an, .appm,ﬁmately__ sigmoid pH-rate profile with an |

apparent pK, of about 7.5 (Reid & Wilson, 1971; Coleman & Gettins, 1983). The

- wild-type enzyme generally exhibits maxi‘mai activity around pH. 8, and the. rates -
 limiting step is the release of the tighsly bound inorganic phosphate - (ki inscheme

1) from the enzyme product complex (Butlm'-Ransohoﬂ" en‘ aI, 1992) It is also .



 fomd that the mzynmtic rat i independent of the pE, of the substrai ol
- group and ‘inorganic phosphate is a compenuve inhibitor (Coleman &. Gettins, - - o
.' 1983) At low pH (<5, 3)s the phosphoseriny] mhermzd!ate is stable, ie kin -
scheme 1 is ratehmmng andtlushaaalsobeenobserved by -"‘PNMR(I-IulIetal o
©1976). AtpES, k; exceeds ﬂlerateofdlssoclatlon of the product phosphate, zq,by’“ SR
 10-fold (Coleman, 1992). At pH 6.3, k, is 26-fold greater than k, (Coleman, 1992). R

'__AttluspHk,isnotasslowask,,andonlyatpﬂsish k:aand[E-P] [EP]'_--".

atethbnmn (Coleman, 1992) Iti is significant thatlf meremaphosphate aocepm __ _:
-prescnt then the ovelall rate of the rmctlon is accelerated (Chamﬂogjou &__ o

a .Kanxrowm 1989)

¥

-It is seen from X—ray crystal structm-es of PP that the morgamc pl;bsphate _:'._:

complelzelyﬁlls the active site. Figure 1.4 shows the active-site region of the wild- -

type E. coli AP based on NMR mvestlgauons on the (unstable penta-coordmate) '

- _EPnomcovalentmtermedmte. It appears. that therelsno bmdmgpos.lsetfor theR
- group of the phosphate monoester whwh is consxstent w1th the fact that AP

hydrolyzes phosphate monoeshers, ROP, at similar Trates regardless of the swe or-_' = o

chemical nature of R (Reid & Wilson, 1971). Ttis mterestmg that Serm-ic _
N mutants (whlch only differ by the presence of the thiol (SHy group mstead of the' "

hydroxyl of Ser) are sensitive to the lwvmg group of the phosphahe ester substraﬁa: S

(Ghosh et al, 1986). The season for this is not yet understood, The phosphate
moiety is very closely associated with all threemetalsmﬂleacuw site of the BP

* intermediate together with several water moleculesthatfonnancxtenmvetwdrogcn- o
bonding network: the phos.phate is coordinated to both. zinc ions by hydrogen o

bonds, and the other two phosphate oxygens are tightly held by the two ammo.

groups of the guanidinium group of Arg'®, which is in tum hydrogen bonded to

- Asp'™ and a water molecule that i is held by xﬂsns_p‘i‘L and possibly Tyr“" (Coleman,
© 1992), Of the two phosphate oxygens involved with the guamdlmum gwﬁp, oneis
further hydrogen bonded to the amide of Ser'™, and the second is hydrogen honded
~to two water mo‘gcules - ong that is coordmatad to the Mg** ion and the other -

forms a bridge to Lysm These positions (particularly that of the ions) are such fhat
they activate Ser (the _Se:__hydr_oxyl to Ser-O?) and water for the _twu nucleopmhp
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Figurs L4 (2) “tereo drawinig of the active site of the £. coli alkuline phosphatase, (anZnZMgS)zAP

. in the presence of excess HPO* at pH 7.5, The co-ordination of the wetals by the specific amino acid

. residues is illnstrated. Atoms are shaded by atom type, Some residuss and water molecules are omitted

for clarity, (b) The active-site region of the B-P complex (2A resclution) in¢luding all the atoms within '

10A of the phosphorous atom. Water molccules are labelled Ww. Dotted lines show the hydrogen bonds
~ (From Coleman, 1992) .




E BYOUP (Butler~Ransohoﬁ' et a! 1992) The zine ion 1 1s of pnmary 1mportanee m e

L catalyms‘ Removal of it results m complete Joss of actmty (’I‘rotman & Greenw{?od .

1971) Thls 1011, by hydrogen bondmg as descnhed above, posmons the phosphate

.__.;.moiety of the substrate and it alse parhmpates i the formation and hytlmlysis of -
oo the phosphoenzyme complex d“l‘lﬁg caralysxs, smee correct posmomng of P 1s". SR

_._-_.Important for. charge neutraixsahon needed for nucleophﬂlc attack by Serme el
-(Coxeman 1992) T ST R

L ‘:The roles that sPec;lﬁe I‘GSlduGS play‘ in the catalyuc mechamsm of AP’s have been S

. _3__'e1umdate¢1arge1y by: means ef mte~d1rected mutagenems studxes Thxs, combmed S
- _with high-resolution X-ray crystallography, has greatly facilitated the study of
o structur&ftmeuon reIahensmPs and the k:metlcs of reacuons mvelvmg these " .
e azoglou et al, 1988). Studies with human isozymes, show that the'
.' | '_'-Ies1dues ASP’1 and Argm in the human PLAP and GCAP serve the anaIaSO“S B o
- actx ve—mte functions tO Asplol em:l Arg‘“" 111 F C‘OZI (Hoylaerts e: az 1992) ) o

- ."t.

o enzymes @

- Dlﬁ’el‘ent eﬂ’ects are Dbserved w1th dlﬂ‘erent mutatmns at these sues reﬂectmg” A

L but decl:ease the turnover rate by 15—f01d Although 11; was found that Arg‘“ﬁ aSSJ.sts o o

L Cin substratelphesphate binding, ne1ther the residue itself nor the posnwe charge are S

o essentlal fe; catalyms of substrate hydrolyms by the enzyme (Butler~Ransohoﬁ' o L N
d, 1938 Chmdarogml et al, 1988) However, Substltutmns of Argl"‘ do. have a
Ny dramat.lc kinetic eﬁect Kot decreases 20-fold and K, i mcrea..ses by 2 factor of 6-10: B s

| (Hoylaerts et al, 1992). Substltutlons of Asp (Asp‘”—uAla"“/Aan) eause 2 defeetl,ve

_Posmomng of the active-site Ser”. resultmg in a low km (Hoylaerts et. aZ 1992) S
. Argma,.,A]am/Lyslﬁ subshtunons reqnlt ina defecuve posmonmg of Pi m the active » N

mte which leads to meffecnve charge neutrahsauou of the P wh1eh is needed fo - .
Sacilitate nucleophilic attack by serine during Phosphorylatlon and also by wateror

B R’OH durmg deplmsphmylauon (Hoylaerts etal, 1992)
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114 ..The?lifhibiuoi: Pattern of ki Prophatises +

1 _'_In the earIy seventles when htt[e wag known about tﬁb molecuiar stmcturc of AP‘s,

- that these 1sozymes could be Selectwely mh1b1ted by 31111110 acxds and shart pepudes e
(thman & Sie, 197 1) ThIS umque kmetlc property occurs onIy m ::ukaryotxc.- _. G ,
__'._."AP's (Fxshman, 1974) The mhlblticn occurs by an unoompetltwe mechamsm'f__'_':_g; : -
(Ghosh. & Flshman, 1966; Byers er al 1972) Only L- and not D-enantiomers of'- EE f’fi
L EE .'ammu acids are cifcctlve at mhlbmon 1.e. inhibition i is stereospemﬁc (Flshmﬂﬂ & S
R S1e, 1971 Flshman, 1989), ancl 1t is @rgan—spemﬁc (F1shman & Sle 1971)

o ‘.:__'_'__-'.*levamlsole. and its analogue b1:0rnt::tetJ:::uruztalez ‘but:pot* by ,L-Phe, _L-Lcu or the-_’--_ ;:-_ o
. ~related’ pepndes L“Phe-Gly—Gly and L-Lcu-Gly Gly (Flshman & SIE, 197 i L1 a &.
R Flshman, 1972 Muhvar o a, 19’78) The three human TS AP 1soenzymcs, on thc_"{' SR
- other hand, are (equa]ly) mlublted by L—Phe but ot by Lhomoargnune or any. of
- '."'the Other TNAP- spectﬁo inhibitors (F1shman & Sie, 19?1 Fishman et al, 1963).
. .Furthermore GCAP is mh1b1ted by L-Leu wr.th a 1520 fold h1gher efficlency than ©. =
~ is PLAP (Doellgast & thman, 1976) The organ»speclﬁc. sensmwty of AP
- isoenzymes to- the différent uncompehh . mhﬂmors has been uscd in chmcal'.-'_-_'
_ .quantlﬁcanon arid 1dent1ﬂcation of AP Isozymes (Green et ﬂl 1971 MULV or et al ._ .

3 1978 Milldn eral 1980) | o - |

ngLll’l _tO _be elucldated. An .“_homc.fg[en_c 1_'1‘“,31 - L»- appears tO be respoﬂSIble_ e

_but the exlstence of dlﬁ’erant AP 1sozymes was well recogmsecl 11; became Wldent__:._:_'.: | _

. TNAP f]:om a vanety of spec1es IS 1nh1b1ted speclﬁcally by L—homoargmme I. Hls, R

The mechamsm of thus uncompetmve mhibmon m ammo acids has only rccenﬂy-' o

Bromotetram:.znle* (+) 6(4-bromopheny1}-2 3 5 E—tatrah&droimidazatz 1-._ S

b]th:.azala ethanedibate C



““_::

o '_whereby a conformatwnal change occurs in nge pmtem upon bmdmg of the speclﬁc BRI

o 'ammo amd L0 the acuve .m‘e wh1ch then leads to a. modrﬂcaﬂon of the reactmn of_ﬁ___”" o

) the bound mtemledlate (Lm et al, 1971) Results from Kkinetic and thermodynamlc B ’ - -
_' ___studxes are cons1stent w1th such an hamostenc mechamsm rather than an allestenc L S .

- mechanmm where the ammo aczd WOuId bmd to a. site away from the active ceittre

 (Ghosh & Fishman, 1966; Lin er l, 1971). Tn these studies, it was shown that
~although inhibition by L-Phe of rat AP and inhibiftion by LTry of human PLAP -~
- __ and IAP is homosbenc, 1t is also uncompetluve (Ghosh & Flshman, 195& Lm e;.

N _:az 1971)

. '__Studxes employmg :nte-dxrected mutagenesis, mveal that spmﬁc re51 dues act as o
- majer deuermmants of the mhlbitmn For EXample Gly“” of GCAP i 1s essenual for;' | -

the mlnbmon of thls 1soenzyrne by LLeu (I-Iurnmer & Mﬁlﬁn 1991) The Gly“” -

o . remdue 1s found in a loop regmn (resuiues 400_430) that is umque tQ e onc:_-_' =

- AP’s and absent from the E. coh AP molecule (Humme.r & Millé.n 1991) - P
Furthermore, companscms of GCAP w1th the E cak AP sequence and 1ts three- o o

' _dlmensmnal structure, predet that this resuiue lies in proximity to the entrance fo S
 the a.ctlve site” (Hummer & Mﬂlén 1991) In a similar way, Glu“29 is the:"___ o

detetminant for mhlbmon of PLAP by L-Phe (Hummer & Milldn, 1991). Even -

_ though PLAP and GCAP share 98% homology at the protem Ievel the dﬁerenee'-- S
. atposition 429 of their pnmary structure resuits ina very dxﬁerent pattetn of ammo _' | L

: _ac1d mlubmon

Further stud1es have shown that L—Leu inhibition of GCAP and L-B 1nh1bmon of -

PLAP occur as follows: when a phosphorylated substrate is bound to the dctivesite,

the guamdlmum gmup of Arg'®® (normally involved in posﬂmmng the. phosphate

as described above) is redirected to the carboxy group:of L—Leu or L-—Phe anr.l this S

- stabilises the inhibitor in the active mte. In this way, the m}nbltor’s amino acld side
* group 18 pomtmned in the loop that contains either GIy‘”.(GCAP) or Glu‘?”_(_PLAP) '

and this further stabilises the inhibitor. This explains why inhibition occurs only at _'
a stage in the enzyme cycle after the reversible substrate bmdmg and posmonmg :

© (Byers et al, 1972). When the Phosphate is reverslbly bourid in the act;we sie, the- Lo



E '_'_Axg"“‘ Iem,duc has not yet been pomtloned by the resultmg conformanonal chang' i

necessary for- catalysxs to- allow the carboxy group of: the 1nh1b1tor (or any other " . '_ :a

hgand) to interact with Arg'“ (Kim & Wyckoff 1593 ) TImS, stable b:mdmg of the B "
- : ammo dcid mh1b1t0r and. eﬂ’ectwe mh1b1t10n only ocour. when"fhe phosphate is -
B covalently bound i m the acuve-sne pockct (Hoylaerts ez al, 199'7) 'I‘he nﬂnbltor’S'_-"
“unpromnated armm group co-orﬁmates with the Zn2+ mn 1.in the active. szte and L
‘this interferes w1th the hydronms (or transPhosphorylatmn) of the phosphoenzyme .

'mhermedlate (th:s phenomcnon explains the unoompetmve nature of the inhibition). -

Ny ‘I‘hat the pmtonatmn state. of the amino' group is 1mportant is clear from the - "

o obssxvatlon that inhibition is snongly pH-dependent bemg maximal at PH 9‘10~ o
and absent at pH 7.5 (Lin et al, 19713 Huylaerts et al, 1992) Thos, all thrw R
- funct;onal groups of the m]ubztor ie its carboxy, g_mmo and Slﬂe groups
Paftlclpaba in the process, Note that Ieplacement of Glu*® by Gly* in PLAP results x
_. ina con formatmnal change in the loop regmn prommal to the acthe sue of the'._. R

o ._enzyme (I-onlaerts & Mﬂliu, 1991) Thls ehmmates stenc constramts on the bmky A

© Lsleu side group dui-mg its positioning whlch mcreases the actwe—sue aoeesmbmty o .
o the mlubmr This. explains the 17-fold greater mhlbmon eﬂicwncy in: GCAP_._
“ compared to that in PLAP (Hoylavts et al, 1992) “Thus, the conformauon of the

o umque surface loop lncated in- the wc:mty of the actwe sﬂe mﬂuences the

- positioning of the ammo acid mhlbltor and its accesmblhty to the- acnve site, Note' _'
" that it has also been shown that StE:t"“l and Leu®”’ play a modu]atory role m the :

- mh1b1t10n of GCAP by L-Leu. HOWever, the exact mechamsm is unclear at pxesent _ _:_
| reqmnng further crystallograptuc analysxs (Hummar & Mﬂlﬁn 1991)

B

At present, it is not. known. whlch res1dues confer L-homoargmme mhzbmon o

. properties on ’I'NAP isozymes (Hummer & Milldn, 1991). Since the sequence»_--;{"_g
~ homology between TNAP and the TSAP isozymes is only about 50% it wx]l be o
L mere d:.ﬂicult to 1den11fy thﬁse resuiues (Hummér & Nﬁlla.n, 1991) '

_ "I‘he biologmal role of mh1b1t1011 is not lmowna It 15 sngmﬁi-‘ant that AP mh1b1tors S




expressed through the1r acuon as mhlbitOI‘S, comml the actmty of AP’s (Hummer._.' _ N
- & Milidn, 1991), The fact that amino acid inhibition oceurs only in anfmals that

_possess dlﬁ'erent isozymes of AP's may also be. mgmﬂcant. Itis possible that the

- mhlmbory site (Wthh is in the vieinity of the active site) reoogmses the: specuﬁc I o |

“amine acids in the context of a peptide sequence and any substrates oontmmng sach
‘a cognate sequencs would not be acted upon by the catalytic sﬂe of the AP isozyme o
(Hummer & Mﬂlﬁn 1991), In this way oniy certain phosphorylated protems act as

substrates for the vanous AP 1sozymes whmh expiams isozyine spemﬁcnty ofAP
function. - DRI _ o _

114 PHYSIOL@GY OF ALKALINE PHOSPHATASES =
1141 Distribution and Furieion

 AP'g are highiy ubiquitous:enzlymas_ and are found in_ail____spécies r'_s;_m:ging-'ﬂ‘om o
bacteria to man (MeComb et al, 1979). This ’\_Ni__de distribution in nature indicates |
 that these enzymes are involved in fmidé’méntalbiochémical processes.: Ho%ver,"' -

the #n vivo functions of AP's are not yet known and the phymologlcal substl‘ates -
have not been 1clent1ﬁcd (Nansawa et aI 1992) o '

There i an inbowa error of metabolism, called '*hypophpsphamsia",{ ‘which is
characterised by subnormal or absent TNAP activity, primaﬁly_ in bone; tissue and
in plasma, and the resulting symptoms clearly demonstrate the crucial importance
-of TNAP in normal bone mineralisation (Milldn ef al, 1980). T_he severity of this
disease varies, ranging from early loss of teeth and recurrent fractires in 'adultg', to
gross ebnormalities of the skeleton in. children, to severe prénabal
hypomineralisation and death in wiero (McFarlane et al, 1986; Wemstem & Whyte
1981; Wolff & Zabransky, 1982), It is interestmg that other ussues that normauy- :
express high TNAP activity, such as the liver and kldney, do not appear o be
. slgmﬁcantly 1mpa1red in hypophosphatasla patients (Frbhlander & Millén, 1991)
~ Patients commonly have high serum levels of phqsphoethmol_anune, pyndoxmﬁi‘ -

phosphate and inorganic pyrophosphate, and it ‘has been suggested - that these c



: compounds are the physxologxcal substrates of ‘I‘NAP but precxselv how these D

- biochemical abnormahnes are interrelated in adult hypopho.ephatas;a is unlmown -
(Fedde & Whirte, 1990) '

The cemmon evoluuenary origin and the structural s1m11ant1es of the: four numan

~ -AP's suggest that ‘they all peﬁ*orm smnlar functions a'n vivo. Studies - of . L
' hypophosphatama may help to elucidate some of the functmns of IAP’ PT..AP and
GCAP but even the exact mode of actlon of the TNAP in bone mmerahsatlen isfar: -

from clear, Moreover, other hssues that express high levels of TNAP do not
calclfy This suggests that AP’s may serve many d1ﬁ’e|:ent functlcns IAP present_ -
in vast amounts in the brush border of the intestinal mucosa, appears to be mvolved _' |
in the transpozt of metabolites, such as inorganic phosphate, from the gut. JAP

~ could also serve to catalyse the hydrolyms of phosphate esters, making the products o

available for absorptmn. “The E. coli enzyme ig involved in the acquisition of - |

phosphate from esters when free i inorganio phosphate is depleted: (Kmi &. Wyckoﬂ‘

1991). Slmilarly, _the large amounts of PLAP in the syncytlotrophoblast lmmg, - o
which represents the interphase between the foetal and matemal bloodStreams, also ©

suggests that. the AP is involved i in transport (Frohlander & Mﬂlﬁn, 1991} There _
is, in fact, one caSe reported of PLAP deficiency in a dlzygotic twin- pair with
Crouzon 'Syndrome (Fréhiander & Milléﬁ- 1991)'b'u't it’is fiot yet 'IdiOWn wn'ether L

 the lack of PLAP activity is directly the cause of the syndrome or whether 1t ig just L

linked fo' another element that causes the syndreme No case of IAP or GCAP
deﬂmeney has been reported, and this could imply that such. deﬁmencles are
meompatlble with normal development (Frdhlander & Ml]lz'm 1991)

There. hiave been several reports associating AP activity with cell lelSlOlh An .
ultrast*:uctural tustnchenucal study in synchromsed HeLa Cells showed that- AP_
 activily during the cell cycle was mostly assoelated with early and mlddle Gl there.

‘being much less activity in late G2 and undetectable activity in S phase (Vorbrodt .

& Borun, 1979). High levels of AP have been asgociated with early stage embryo
cells, uterine reserve cells, intestinal epithellal cells and cancer cells, all havmg a .
high mitotic index (Narisawa et af, 1992). Since phosphorylahen is a major -



Cedtur L o

B regulatory meohamsm of the eell cyeie (Cyert & Thomer, i989), xt is possible that '; . e i

AP’ afe mVOIVed in. cell—cycle controlled dephosphorylatton or. transphosphory—';lf e

‘Iation reactions (Nansawa et al, 1993). Enoch and Nurse (1991)have shown that -~ .

' mitosis m yeast and some fnngl is controlled by severai genes coding’ for protem o

kmases and phosphoprotem phosphatases. Axtoﬁ et aI (1990) found a o

' __'sermdthreomne phosphatase isozyme that is essentlal for rmtoms in Dmsophila o

' Many oncogene products and growth factor receptors have tyrosme Ionase aettwty ] o
amzt tymsme phosphatases appear to. have mportan{: roles in cell growth and .

| mtercellular oommurtlcatlon (Narisa,wa et al, 1992) Nansawa et al (1992) clte .

repoxts that smggest that AP'S could act as protem tyrome phosphatases bttt they. S

: - phOSphatase genes Furthermore, AP’s do not hdve thetr catalyuc dommn facmg the :_ | ;

B eytoplasm. There is evidence that AP in mouse bIastocysts ‘daes flot have ablc =

| ) moiety and thus it is poss1b1e that in some- developmental stages EAP may funcuon - L
a8 a PIG-anchored enzyme, whereas in omers it Functions as a non»PIG-anchored IR

o 'enZyrne, aﬂ‘ectmg its’ subcellular Iocahsatten and thus also the farget substrates R “
| (Nansawa ot al, 1992). Gene targetmg experiments are bemg carried out to abolish - S
- expressmn of certain AP’s, such as EAP (Nansawa et al, 1992), to deternune the_;':’-' - | | |

: 'consequences of the absence, of these AP'< Such and other work: should elumdate R |
| the speclﬁc reactxons that AP’s perform in relatton o theu: spemﬁc functtons _ |

. Recently, it-has been suggested that APs may play an lmportant role, not | B
_ necessanly as enzymes, but as structural protems based on .their b1ophy51c31 _

properties (Milldn, 1990), Some observations (such as the fact that the three TSAP o

isozymes are almost: identical vnth only very subtle dxtferences) suggest that
-additional domains of AP mediéte protom~protem interactions tbat may regulate, o
-complement or gwe spectﬁczty fo thelr catalytte aetmty (Mtllén, 1990) For;_ L

example, TNAP expt:esswn in the bone- may be modulated by hormonal mﬂuenceS,r
. and the spectﬁc substrates of TNAP (related to bone mmerahsatton) ocour only in

this, ttssue, but, furthermore, ther§ may be. specific protelnnprotetn mteractmns that

T

are only present in the bone matrix which results in a non—spectﬁc enzyme such as
TNAP that is found all over the body, to- perfm:m a vory sp eclﬁe and h1ghly_"__



_- .prote1ns corresPonds to the bmdmg sxte of collagen or mtt tu::ms

_. _- These ohservatinns clca.rly suggest that AP 5 dn play a structural mle and now that__ N .
~ the structures of the different 1snzymes are known, the 1mportanc¢3 <. uﬁs mj.-

e

| : h should be elncldated m the near future

| mz mkannemsnhatasés infmngnanaes SRS

”spec:ahsed functlon, Yiz, bone mmeralzsatmn(l\mnﬁn 1990) 1tis clearly observed e
~ that TNAP interacts-specifically with collagen type IT, which s found mainly in
i __Z_'_mmerahsmg cartllagcs (thtur et aI 1984) It also mteracts thh oollagen type X _' o
and weakly with fype L mdlcatmg that these mteractmns are essentlal for nom -
 bone mmerahsauon [ d,. 1991a, 1991b 1992). 1t is also found that._ .
: '-nunerahsahon can be mduced in cartﬂage by any AP mcludmg bovme IAP T
_.(Beertsen & vai de Bos 1992) Tsonis et al (1988) have reportﬁsd that PLAP and'_-"__' L B
GCAP arehomologous w1t11 cartﬂage matnx proteln (CMP), von Wﬂlebrand factor L
o (VWF) complement factor B, and’ the adhesmn receptors Mac~1 and P150 all- -
- "pmtems mth pmtem bindmg capabxhnes The area of homology shared ny *hese C

Sodey

| There have beerr many reports of an assoclauon between the (abnormal) expressnonﬁ o

: _:of TSAP's and mahgnancy. AP’s have been ,found to be overexpressed in cancarous: o '_ﬁ S
tissues (eutopic expression) or are found i in hssues whwh do not normally express -

them (ectopic expreSsmn) Most mahgnancfes show an cctopm expresmon R

. (Fmtﬂander & Milldn, 1991) and are able to coexpress several 1sozymes at the same.-___. k

time, thch is in clear contrast to norma.’l diﬂ’erenhated tissues Wthh norma!ly' o

. express only one AP isozyme (Hu'ano e, al 1987, Hofmann c£ al 19891

Griffin and Cox (1966) derhcnstrated the presencé of an. AP ina Helz ceu line that | -

appeared to be a PLAP isoform (was heat- stable and mhimted by L‘Phenylalmune) | Lo

Fishman et af (1968). dlscovered fhat a pauent with epmlermmd carcinoma of the' _
| iung had high serum levels of an AP Whlcl‘l was' temecl "Regan mozyme" after the =
:pat1ent’s name. The enzyme was ‘shown to be of neoplastlc origin, The AP was |
idennﬂed as a PLAP 1soform due to its senmtmty fo. L-phcnylalanma, h&at“smbﬂlty, '



| o | | 28
o eleé&dphbréﬁc"zﬁdﬁiﬁty thfough starcll gels addxts ':Suscep'tibility'tdxieumini'ﬁidase o S
treatment, ‘A different 15033me ("Nagao mzyme") was- found in the serum and - S
_ple,ural fluid of & patlent wnh "pleuntls caremomatosa" wlnch was L»leucme o
inhibitable (Nakayama ef af, 1970). Later, gene cloning identified the Nagao~ o
 isozyme as GCAP and not a alletio vasiant of PLAP (Mﬂlén & Mms, 1988; -
- Hummer & M:ﬂzin 1991) | |

o AP’s w1th charactenstws sumlar or xdentxcal to PIAP and GCAP lmzymes have_._.;___- o

- been shown to be expressed ina w1de variety of mahgnant cell lmes (Benham et.al, [
- 1981; McLaughhn eraly 1982) The ecmpie expression ofPLAP has been observed- SR
S mahgnancles of the lung, ovary, terus and the gastromtestmal tract; ameng SRR

o others (Nathanson & Fishman, 19’?1' Jamby & Bagaahawe, 1971 merman etal,

1976, GCAP is cutopxcally e"Pl’t‘»seeﬂ in testicular semmomas (Jeppsson ef al, L

. 1984; Koide er al, 1987) and in ovarian cancer (Vergote et az, 1987). IAP has been-r_'_' L

- fountl to be expressed mamly m hepatomas (ngashmo et a.Z 1972)

’ \\

: -Most of the mahgnancles studled to date show an abnormal eacpressmn of e1ther E

'PLAP or GCAP: Tadeed, PLAP and GCAP are useful tumour markers in the - o
management of teshcular ‘cancer and ovanan cancer patlents (Mﬂlén 1990) Sl

| Clearly, these mahgnancnes represent a condmon where genes ‘that are normally

N expressed cmly durmg eariy development are somehow tumed oft and mapproprmte— .

ly expressed. This phenomenon has been observed with Other genes “For e;;ample, e

re-expression of a—foetopro:ein has been found in mouse and human hepatorrms, and '

in teratocarcmnmas of the ova:y and testls (Abelev 19'?1) Gold and Freedman

(1965) foundcell surfice:glycopofeins, normally expressed and secreted into the” -
lumen by ep1the11a1 cells of the foetal gastmmtesunal tract, in the serum of patlente .

' W1th carcinoma of the gastromtestmal traet These observatlens have led to- the_".

concept of oncodeveIOpmental biclogy: re-expresslon of "oncodevclopmental - -:
 genes”, normally expressed during early development, play an 1mportant mle in"

: tumongeneus i e cancer-is seeh as 4 developmental d1sease due to mlsregulatlon _'

'ofgene expressmn (Fishman&Sell 1976) B



Reisat present 'llrlclear what 1'013 AP s Play in tumongenems Several mechamsms R

o .are envmoned (Frohlander & Mﬁlﬁn, 1991) and dﬂfemt mecha|1| ns may apply-__-.f S

in dlﬁ'erent cases. It 1s possﬂ:le that derepresmn of the AP gene 1tself is enough -
- to cause a tumour, although this appears unhkely since transfecuon of APCDNA's ~ = .
into normal cells and subseqmnt overexpressmn fails to elwﬁ a transformed e

L phenotype (Frohlander & Mﬂlén, 1991). The AP gcne. may ac; ‘u;n concert wzth N

_ _other genes m tumongenems. The AP gene may smply be closely linked to a s
- disease-causing gene. Another mechanism could involve the simultaneos activation
or deregulauon of AP genes and an oncogene, It has been shown that a tumour_ﬁ - o o
" suppressor locus functlonally regulates both AP expressuon a“d tumongenems m R

--'I'.;i_'.HeLa/ﬁbrobzast hybnds (Latham & Stanbndge, 1990)

Fufthér" Work-is néeaed 'to"elubidate Whidh meéhahisms apply It is'alzso" nbt clear

. -whemer part;cular J?LAP or GCAP allelcs or phenotypes are responsmlc for tumoufr R

e development and/or tumotr progresmon (Frohlander & Mﬂlén 1991) Now that all"

. the hyman AP genes have been charactensed and allehc vanauon ‘and RFLP's.
.1dent1ﬁed ﬁndmg the SpﬁClﬁc assoczatlons and mechamsms mvolved in’ R

tumongenesw 1sposs1ble N PR

Cnd

1143 m'al'iﬂei’hasphatasés and Disease

- 1t has been known since the early 1930°s that various ':péthoiogical_. q_dndiﬁons are |
associated with large increases in levels of serum AP (for a good review see
 Gutman, 1959) and. the determination of serum AP activity’ has been widely used

in clinical biochemical tests and used to monitor treatment (Fishman et a, 1965). . .

~ Besides the assocfation with cancer discussed in the previous section, other
'pathologlcal conditions assoc1ated with elevatgd levels of semm AP mclude such'

 skeletal chsorders as rickets, hyperthyroidism, ostcogemc sarcoma and others

(McCDmb 1979J ‘Other dlsorders mclude obstructlve Jaundme, hepatms, curhosls N
and other hepatobmary disorders (McComb, 1979). AP levels are greatly mcreased B

in patients with AIDS (Payne et al, 1991)‘ AP has also served 459 marker for
- endothelial cells in S&Veral_degeneratwe neutopatholq_gmal._ diseases (Bu_t__terwo:th, o



. 1986) Butterworth (1986) could show that AP act.mty is noxmal in Huntmgton’ R

R dlsease caudate nucleus whereas other enzymes pameularly m neurons and gha, o o

_wexe found to he marlwdly reduced Thls kind of study helps to dehneate the types_ - L |

_' of eeJIs that are altered in- any speeliie neurologmal dlsea.se R

Coy

E _ In most cases the level of'I‘NAP is mcreased in vanous b(me and hver dlsorders S |
.and rmsed IAP levels have been assoelated in some. eases of eurhos:s (Flshman et LT
al, 1965). Augmented levels of GCAP and PLAP have only beent asmated with

: vanous cancers as was dmcussed m secuen L1 4 2

- .'Th“s’ ‘”’lth"“gh the precise flmctms of AP are ot yet known, they are- usefulin |
the d‘ag“"“m of 3 wide Vﬂﬂe"-? of conditions and their assocxauon w1th thesef' S

o oondmens may help to. elumdate the;r funcnons R

E .1_.-1'-__4.4 Alka '.li;se Ph.usphat_asés,'- aﬁa'béveloﬁmeﬁt.": o

'I‘here have been many reports Where an merease m AP actmty has been correlated o o

S with normal embmlogxcal ﬂevelopment For example, Moog (1944) exarmned the L

sPaclal and temporal dxstnbutlen of AP in the chick embryo and noted that durmg o

organogenems a number of tlss;]es such as brain and lung, show mtense AP actmty -
* which d1mm1shes at later stages. This indicates that AP is clesely assomated with

the inifial stages of tissue differentiation. Brachet (1946) and Krugelis (1950)

associated AP with organogenems, and Lmdeman (1949) with maturatmn of the_"

retina. Karczmar and Berg (195 1) ina hlstechermcal study of the deveiopment °f"_ .

-limbs in urodeles, found that AP is first detected Just prior to the appearance of the.
lmb rudiment, increases gradually during giowth of the limb bud, and reaehes a o |

maximum immediately prior to organogenesm In annelids, . AP is expressed m the
- “endodermic mass” and the primordia of the nephridia after the initial cleavage o

 stages (MeComb et al, 1979). Some studies have also shown a correlation between
AP activity and development in molluscs (McComb et al 19’?9) AP actmty is h1;h

 during the active larval and early adult stages of mseuts and is genera]ly Jow dlmng N

: pupatmn (McComb etal, 1979) Usmg an antlpeptlde annserum that was develOP“'d o |



N .to react specjﬁcally W1th mouse EAP 1t bas been shown that, in addmon to_' BTN
o 'expresmon m the pre-nnplantatmn mouise embryo, EAP is expressed in spefmato-

‘genic cells in the testis that are in mid or late prophase of meiotic division I:f.f"' o

; (Namawa et al 1992) This suggests that EA,P may- play an lmportant role m B
s _:_.pxelmplantatmn development and i in mmosxs T van sgemc inice with human GCAP e
expressed GCAP in equlvalent ce}ls m the testls, as Well as in the same Stages o |
- ' ~ the niouse embryo as BAP express](m (Nansawa et aZ, 1992) Tms suggests that'-’ | o

.-_.._-__EAP and GCAP have equwalem functlons durlng development The pam ular__-_':_ SR

- 'functmns are’ not known but ‘the agsociation of AP act:mty w1th ce]l-dm_gmn o

Partlcularly m1tos:s, d:scussed m sec‘aon 1 1. 4 1 may PI‘OVI ide an lmportant clue. A

._ It is clear that the spatxotempozally regulated presence of AP m embryos has been R

noted for a long time but, as yet, ne spccxﬁc rele for AP in development has been' R

o .'_laenuﬂed (Zackson &.Stemberg, 1988). Brachet and Teener (1948, cited in Omm, -

o 1951) fmmd that AP in the nucieus, of adult rat tlssues is related to the tl,lmover of - N

| "'"'phosphorus of DNA, Thls, .and the: observatmn that AP phosphatase actmty 1s

_ linked closely w1th nucIeop;otems suggests that one role is m the PhOSphn IYIatmn o L
| _ "and dephosphorylatmn of DNA (Osawa, 1951) B

._/

| Tn most ammals studled AP is detectable fmm fert]hsatlon and is genera]ly present S .
S _'at low levels fhrough the ‘blastula’ stages (Osawa, 1951) These Ievels mcrease o
'gradually with a sharp, linear . mcrease in AP actmty dunng, or shortly after - 3
gastmlatlon (Krugchs, 1950) In amphlbla, the lughest levels of AP can be found:
~in the ectoderm, with less in the mesoderm and very low levels in the endoderm - o

(Ouawa, 1951) In the 8-cell stage of the asc1d1an embryo (C&ona ;mesnnahs} only

| the four vegetal blastomeres give rise to tlssues expressmg AP, wluch mdlcates that o ; o
" locahsatmn of AP expressmn can be predetermmed by cytoplasmw segregauon m co '
the, first cleavages of the .,gg (Whmaker 1990) Pfoul .and Gmdme (1967) found o

that if embryonic cells of the sea urchin Arabacia puncmf.ata are digsociated ad
veaggregated at the early plutens stage, the increase in: AP acthty is not affected,

However if this treatment is performed at-an earher stage; the exprcsslon of AP o
is greatly diminished (Pfoul & Guldwe, 1967). Slmxlarly, Abe et al (1972) found L



n

| -that the developmental mcrease of AP actmty in early—blastula cells 1s sensmve tr:f '- B | .
- the disruption of cell-to-cell contact, If the dissociation of the embryo siscared
~out at the late-blastula stage however, AP actmty increases normally (Mryahara et :' S
 al, 1982). From these observattons 1t appears that cellular comrmtment to’ AP_- R
expressmn is already estabhshed by the end of the blastula stage It is stdl not = |
known, however, how cell mteractton, an nnportant prf 8 in moxphogenems,f_"'_'. .
" regulates gene expressron, resultmg m appropnate dxﬂ‘erenttatron of cells (Mryahara E '; o
o :-et al 1982) e

- -Au 1mportant feamre of embryomc morphogenesxs arc the nugrattons and' A

. rearrangements that cells and el groups partake in. Zackson and Steinberg (1988)'_-;
o have  shown evrdence that AP is: drrectly responsrble for such dtreeted celi.' ' o
_{_'movements In the embryos of the axolotl Ambystoma mexzcanum, the monephnc - j N
- duct (PND) pnmordmm ﬁrst appears as & nest o'r‘ eells in ‘the- meaoderm, S
1mmed1ately ventral to the antenor sonutes shortiy after neunﬂauon ‘The antenor S o
L 'end remains anchored to the developmg proneph os, whrle the postenor tip nugrates : o o
_c. udally along the boundary between the. developmg ‘sonites ‘and the lateral_' o

- mesoderm, until it reaches the cloacal wall with which it finally unites (Poole &

o -Stemberg, 1981) Tlus eIongatron mvolves a rcanangemem of PND c ells, an dnot

o cell dmsron or the elongauon of mdmdual cells Studxes mvolvmg PND: )
'- pnmordmm grafts to various p]aces in the embryo, and grafts performed well i m o

advance of the nngratmg PND tlp, has shown where the gurdance mfonnatlon is, -
and when it appears and ajso indicate that the PND gmdance mformahon that o

directs these cell movements consists of “a gradient of adhesiveness of PND ce]ls S
to theu: substratum" (Zackson & Steinberg, 1986* 1988) Zackson and Sternberg-- S
: (1988) propoﬂed thata "molecular prepattem" galded the morphogenetrc movements -

of t,e]_?.s of the deve1op1ng PND. Usmg the trajectones of cells rmgratmg in response' o

L to PND gmdanee mformatlon, 4 map was oonstructed that showed the expectecl -
'dxstrrbunon of & “cell gmdance aSSOt:lated molecule" (CGAM) lt was found that-_ o

' the distribution of AP corresponds wrth thrs expected distribution and gradient off-'

a CGAM, 'Iransplantatton expenments where other cells that exhrbrt du*ected :

mrgrauon along the PNI) pathway (cranial neural crest cells whlch norma]ly -



""-_ml,gratemadlﬁ‘erent regmnoftheembryo) weectomcallygraﬂedmregmns of
| the embryo with high levels of AP, with neighbouring regions low in AP, .
 confirmed the Tole of AP in gmded cell movement (Zackson & Steinberg, 1988).
 Furthermore; levamisole, an inhibitor of AP, 1afoundtop:ethNDnugramm-_‘
" (Zackson &smbcrg, 1989). ‘Iheenzymcphosphﬂﬁdyliﬂomtol—spwﬂc phe spho-
liase C (PIPLC, releases AP, whmhlsanchoredmceusurfacmbyphosphaudyl-'--'-'-"

Hmosxtol glycan (see sectlon 1131) and this enzyme also blockedPND cell

__mg:auon without mﬁerfenng with. othe;r momhogmetxc celt reamngement_s WMCh SRR

_occur in the absence of AP (Zackson & Stemberg, 1939)

* From ) these studles, Zackson and Stemberg (1988) have suggested four possmlht[es B

o for therole ofAP in’ the embryo It is possnblc thatAP plays no role, that 1ts__:__ |

- -dlstubutlon sxmply oon'e]ates w1th that of some. other molecule that docs guldc cell_ .

__:'-mlgrahon A seoond poss:bﬂlty is that AP does act directly, perhaps as a cell
recogmtton or adhesmn molecule, elther by bmdmg a phosphate—beanng llgand in S

a 10ck~a11d key fasluon or through other bmdmg capabﬂi!:les (APis able to bmd SR

strucmral protems as mscussed in 30011011 1. 1 3, 2) AP may, through hydrolyms or -

' transferase actmuebs 1110du]a;te the acthty of molecules that are. acuva in 0‘3]1

gmdauoe. AP may modulate oe.ll behawour v1a 1ts lmkage to phosphaudyhnomtol _' " _
by means of transmembrane mgnal transduction prooesses much like msu]m action o
' _whlch medlates some mtraceﬂular eﬁ'ects by mteractlon of the honnone withcell- =

surface receptors (Low & Saltiel, 1988) 'I‘here are at prescnt N0 new repons-

- congerning the exactmle of AP in cell mavmnent or rearrangement, but mveshga— o

tlonsarenontmmng : o T e "‘;}
Asa]readymeamonedmsectmnl 1.4, lﬂlefactmatthemarenoknd{mcasmof . -
TAP and GCAP deficiencies and only one case of PLAP deficiency, which is -
assoclated with the severe abnonnahtles charactenmng Crouzon syndmme, mdlcate& '

| thatﬂmeenzymesmustplayawtalroledunngthedevelopmentofanorgamsm S

| There are at least two developmental systems in humans that dmplay switching or' .
: modulatxon of AP 1sozyme expresmon dunng diﬂ‘ermhahon and maturatmn (Mllin |
: 1990) Dutmg early pmgnancy only the TNAP lsozyme is expressed in the



e _trophoblast untxl about the e;lghth week of trophoblast development (Fxshman et al '

- 1976; Saloyama ei-al, 1979). Between 8 and 12 weeks, TNAP activity decreases D
and expresmon of the PLAP gene mcreases PLAP is then the only AP isozyme .
. expressed in the placenta (Flshman et al, 1976). During foetal gut differentiation

~ both IAP and PLAP genes are aetwe (Behrens e: al 1983; Sussman et al 1986)."

After birth, PLAP actmty Iapidl}' dmumshes, and in. the adult only IAP is- o
expressed in the Jejunum and duodenum (Mﬂlén 1990) It is riot lcnown what - .
'dlﬂ"erentlatlon events or hormonal messages eignal these changes in AP cxpressmn BT

“but they must be mgmﬁeant (Mlﬁén, 1990). 1t is p0351b1e that GCAP is-inyolved ‘

- . in guiding the extra~embryome primordial germ cells as- they mlgrate to the'_ :
) developmg gonad through the gemtal ndge durmg emryogenems (Mlllén 1990) .
' The trace amounts of GCAP found. expressed in the thymus could be from."' -

o _pnmordlal germ cells trapped in the thymus durmg thelr nugratwn (Mﬂlﬁn 1990) o |

" - Research is needed to conﬁrm these theones. -

It s mtere'sﬁng‘- that lhe F'ajlele'of ?LAP’ has. beenassoawm-spmmeoug RN
abortion, and the rare D phenotype has also been 1mphcated in women w1th a

-hlstory of pregnancy comphcatlons and ﬁpontaneous abortions (Beckman &

~ Beckman, 1975). These observations are at present nof: understood but also. suggest | f: .

o that the appmpnate expresmon of AP, in this case expressmn of the eommon S
" allele of PLAP, plays an lmportant role in development ' ' '

11,5 ALKALINE _PHOSPHAT’ASES IN XENOFUS

In embryo’s of Xenopus laevis, as in other amphibians, AP activity begins to.
increase at the gastrula stage (Krugelis, 1950; Abe f af, 1972). The level of AP "
 activity increases sharply and linearly throughout gastrulation and is very lugh in
the neurula stages and plateaus at the teul—bud stage after an 18-fold increase in
actmty (Maekawa & Yamana, 1975). Maekawa and Yamana (1975) dwld
) chromatographlcally separate AP activity from X. laevis embryo s into- two peaks,

correspondmg to iSozymes with molecular weights of approxlmately 200 000 and °

400 000. The two isozymes are also electrophoretically d_zs_tingulshable _(Illlaekawe



_..\,

C & Yamana, 1975) Ewdence is prosented in- thrs work suggosnng that the t;wo": R
. 'groups of i mozymes correspond to 'I‘NAP and IAP ' e

 'There are. some tentattve data that suggest that the AP that is 1mpertant dunng'- B
o : normal embryologrcal development m the frog is the TNAP The mabﬂrty 1o 1solate S
an AP clone using a probe based on the. conserved 3’ end of tl;e human PLAP gene, |
o even under low stringoncy conchuons (T. Sp1eker unpubhsl‘red results), and- that_'-'_' B

" levamisole, TNAP mh1b1tor, dlsmpts embryologrcal deVelopment in Xenopm ®

‘Fabian; personal commumcatxon) all md1cate the 1mportance of TNAP-in the.

; s ombryo Isolation ‘and charactensationr of TNAP genes has pgoven to be more - _' SR o |
| drﬂicult than with the speorﬁc types due to the greater complemty of the former § o L

- Histdchonﬁoal afudies in Xenopus 'have showh that'AP' is’"fomid mainly"in the

--lndney, heart, d1ges{1ve tract, nervous system yetina, mesenchyme and endodormal:_' B _
-.yolk mass, both in the adult organ and its embryomo rudiment (Osawa, 195 1) Ttus o
: -dlstnbutron i snm]ar to that in other amphrblans (MaekaWa & Yamana, 1975), -

| - Other data ﬂlustrate the possrble roles of AP CTNAP) in the: frog ombryo It 1s' |
found that AP is preferenoa]ly expressed in the mvagmatmg dorsal 11p Cells Wthh o

invade the blastocoel to. form the archenteron (. Penny, lmPUbllShEd feSUltsJ o
There are also some tentative data that suggest that AP’ plays a role dunng neuronal . _' o o

pathﬁndmg in Xenopus (T, Spieker Honours report) ‘Further work, ] is needed to
elucidate the preclse funcuons of AP in the normal deVelopment of the frog embryo- :

: and the clomng and charaotensaaon of the gene oodmg for TNAP. w:ll bea ma;or o .

contribution i in this research

116 SUMMARY -

A]kalme PhOSphataSes are a group of enzymes that catalyse tho hydrolysls of .
: moxganm and orgamc phosphate esters and show no substrate specrﬁcrty. They have o

a h1gl1 pH ophmam, depend on zin¢ and magnesmm jotis for acttvrty, and they are "
 all dimeric in structure, with monomer molecular welghts ranging between 40000
and 70 000. These enzymes are plycosylated and, in eukaryotes, aré membrane



: bound Although present in alrnost a11 hvmg orgamsms, the]_r Preclse Physwlogx ca} | SR

 functions remain to be elucidated. They are closely associated with developmental . .

3 Pmsses,:xuch as d:ﬂ’erentlauon and morphogenes:s, and aﬂgmqnted le.vel s of AP R
B are ofter associaned “with mahgnant tumours and Vanous othe.r ﬂlseases. . '_ O
_ Embryolagiem amd 1mm“nologlcal smdxes have shown that there are at least two * ;0 R
* isoforis of AP in all animals, the TNAP and IAP. Humans and higher primates -
_ also have PLAP and humans have GCAP Al the 1sozymes are Bncoded for. by a
m“l“lmus gene- sysem. The c:voluﬁonary and functmnal relatedness of these o

_Imzymes in dxﬁ‘erent ammals is bemg elumdated based on compansons of structure o

"-_12 THE ISOLATION &ND CHARACTERISATION OF_ o

GENES : : SRR

'The ﬂrst si:ep taken when a sP.,cJﬁc gene is t@ ‘e studieu is 1ts 1sola.tmn from a -

hbraty of genes usmg appropnate probes, and the ciomng nf the gene o p:roduce' o

‘a large number of copies of it, makmg the gene amenable to studies mvolvmg Sﬂch :
mampulatlons as sequencmg, mulngenams and in vitro translatmn The fwo types :

of library commonly used are the genomr' hbrary and the cDNA hbrary Both are . N
constructed by aftaching double—sttanded DNA fragmmts to a smtable vector, and

the recombinant DNA is introduced intu a' ﬁost ce]l usually a bactenum such as E _

_ "'0111 Whﬁfﬂ it is replicated as tbe cell d1v1des S R

| 1_.2.1.'1'c1oning Vectors

When cloning any béi'ticular fragniert of DNA it needs to be attached tb 4 carrier
| DNA whlch contams a sequence that the hosf cell ‘récognises as an ongln of

rephcauon In this way the fragment can be rephcatﬂd as the host cell grows and

divides, Small plasmids and bactenaphages were the first vectors used smce they: G

are able to replicate in host cells, are- easﬂy mamtamed in. the cell mthout_' "
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necessarﬂy being integfated into the genome ef tl1e host eeli and thus can be'_- SRR
 readily isolated in an intact form This penmts the easy bulk prepa:atmn of u,e:
eloned ﬂagment of DNA ﬁee from any host cell matenal L '

An ideal cloning vec(or needs the followinig propemes (Old & anrose, 1989) e
First, it should be of low molecular wmght This renders the vector easy to handle, x
It is then remstant to damage by shearmg, and 1t is read:ly 1solated from host cells,

: _'I..ow moleeular weight plasrmds tend to ocour in much higher copy numbers than -

o 1985) Other 1mpmVements in A-bagsed vectors include the mtroductlon of =

large plasmids (Tw1gg & Sherratt 1980), which also faclhtates their isolatxon ‘With | .
low molecular weight vectors, larger fragnients of DNA can be cloned smce there_' '
1s a limit to the size of the recombinant vector that can be eﬂimenl:ly propagated in
a host bactenum. Ancther advantage in smaller vectors, is that there. is & greater"‘ E
 chance that the vecter will have unique substrate sites fof restriction endonucleases-
'wluch can then be used to cleave open the veetor at the one site and to whlch the“-_;
| forelgn fragment is then hgated | ' |

: Auother nnportant property in a vector, i its abihty to confer readlly selectable_
phenotypic tralts on host cells. Usually, this is provided hy a gene for antlbmtlc "
resistance on the vector and thus, only cells that are succesz;fully transformed can
be selected for, There are also markers that help to select for only cells that have
: been transformed with recombmant vector,

Many vectors have been developed having the abovemennonecl properues and any
can be choset, to fulil any partiouiar requlrement Plasmxds are being used less at
present due to their relatively Himited capamty for fore1gn DNA. f:agments. Vectors
based on the N bacteriophage ,are commonly used due to the many advances made
that have greatly increased the carrying capacity of these vectors, In parucular,
: there are the replacement vectors where two restriction sites define a non—essennal |
- region that can be remiwved and replaced with a foreign fragment. This’ deletion
~* allows the phage to accomodate up to 25 kb of foreign DNA (Kaiser & Murray,

i
%,

~ polylinkers which contain multiple unique restriction sites, the presenee of markers

Yy



: for selection agamst nomrecmﬁbmants and the mtroductmn af mntable promom _  |
. that allow transcnpuor of the msert whwh faclhtates scmeenmg of libraries in L

3chromosome walhng prooeedures Vecmrs have also been developed where ) e

'euka:youc ¢DNA can be expressed in the form of a fusion polypepﬁde with theo-
. peptlde cfﬁagalactosldase inE, coZi, Such expresmon vectors are useful m antlbody o

* screening. Furthermore, Bgalactomdase expression can be used in a colowr

 detection test to select for recombiriants, In non~re00mbmants, the complete o-
‘peptide that is m;pressed can, associahe mth the a—pepude, mpressed by the host RTINS

' strain, to produce functmnal B-ga]actosldase (a—complementahon), and in the o

_pxesence of the chromogemc substrate Xgal i m the platmg mediam (olus. IP'I‘G,

~ gratuitous mduoer of B\-galactosxdase), dark-blue plaqucs .on bacteﬂal strains that' o L
 lack the enzyme are pmduoed In. mcom&inants the enzyme is not ﬁmchunal and __ o

' whlte plaques result

\\\\\

: ) vectoxs For mmple there are strams that are Lag¢ dueto it chromosomal de.leuon_. B
that are used in the colour test described above, ’Ihere are, strains designed o~
 prevent restriction of the transforming vecior, strains that prevent integration of the-

vector into the host genome, and straing whera recombmauon between the host
chromosome and vector is eliminated, ' - .

. . Another M-derived vector is s the cosmid, This clonmg veciaor isa plasnud conmming .
the M cos site which results in its packagmg into phage particles used to transfect

bacteria. Cosmids are used to clone fragments up to 47 kb long and are thus often

used in the construction of genomic hbranes (Old & anrose, 1989)

1212 Gemmic Ijbraﬁes

The genormc library of an organism consists of a large numbe.r ef Iecombmants,' o

~ which together contain a complete collection of most, if not all, of the DNA

sequences of the whole genome of that organism (Old & Primrose, 1989) Sucha

library is generally constructed by 1solatmg the “DNA of the orgamsm, and_ a

Lo



o -fragmentmg it e;ther bmsomcahon, or restrienon enzyme chgestxon. The larger the - B
 fragments, the fower the number of clones required for a complete library Cosmlds' o
o are oﬂaen used in genmmc libraries since they can accomodate the: la:gest ffﬂgm"nts' . |

Severai problems oecur in the constructlon ef genonuc 11branes., A gene of lnterest' <

-'may be cut mternally one. er more nmes and is thus not obtained as a smgle'_-'_ : S

o ﬁ-agment, The larger the gene, the more likely that this witl occur. Extenmvef : ;
 reglons flanking the gene may also be-desired, Anothier problem is that'a gonecan

'_ '.loccur ina fragment too large to be accommodated by the vector and is then not' _

. cloned at all To a,vmd these problems the DNA is fragmented ea.sentlally random1y o
| "'using somc;ttion, ofa restnction enzyme that cuts frequently, or a combmauon ot_ ’
~restriction endonucleases Wlth complenely unrelated recognutmn sntes (Mamaus et' o

o “dl, 1978) In this way, ovwlappmg clanes are - prodyced, w1th no. svstemauc'

,1(

o ,excluaon of any. sequence, and by "waliang" from one. clone to ad( adjacent one
o durmg Scl'eemng, ane ¢an study whole genes and eve.n clusters oi? genes. BT

- A genonnc hbrzuy mcludes 5111 the non-codmg DNA of an organism such as mtrtms B
- and the extenswe non-codmg regmns between genes that occurs in eukaryotes. Such '_ |
ahbrary is essentlal 1f one wants to study regiens ﬂanlang genes, such as pp:amoter ceo

and q(ther regulatory sequerices. Howevel the' presence of. the non-cadmg ser,;uenoes

results in many useless recombmants which . often makes the screenmg ‘process. o
laborious and ineffective, A ¢DNA. library is then much more useful since it
~ Tenders the Screemng process much simpler and more efﬁcient. : -

1243 oNA -;mﬁes ?

A cDNA hbrary is eonstructed from DNA reverse—trarxscnbed ‘r‘rom polyadenylated S
_RNA (the messenger RNA) extracted from some t1ssue or celi type. The hbrary is*

| thus- specific, not to the whole organism, but to a partmular cell type. The genes o

represented in such a library will be those spemﬁcally expressed in some tissue at . | o

sonte time. A cDNA library is. thus usec{ when studymg temporally regulated o

exprassion of a gene, during deveIOpment, or tissue-speclﬁc gene expresswn. o



- '_etal 1985)

| Nuclease st treatment generaﬂy leads to the Ioss of snme sequence correspondmg E o
" to the 5 end of the mRNA wid often to advenuuous damage W the duplex eDNA' o
(La.nd et gl 1981) Thus, new methods have been devéloped that fCIIBgo treatment - R
W:th nuclease 81, L.md et al (1981) used temunal transferase to add an ohgo(dC)_ o
 tail to the 3’ end of the smgle-stranded oL NA ﬂlereby preventmg halrpm formatmn. o f' a ‘
A full—length duplex cDNA could then be generated with an ehgo(dG) pmner. _Two o '_

other methods devised by Okayama and Berg (1982) and Heidecker and Messing
(1983) havr also been used with great suceess. Both method. employ the ohge(dT) _

sequence for priming the first strand ¢DNA synthesis, but linked to the vector

- DNA. The mRNA is annealecl 10 linearised - and ehgo(dT)-taﬂed veetor DNA .

" An early proceedure for synthesxsmg dsDNA from mRNA staxts wuh the kynthems 3 N
- of the first strand of cDNA using oligo(dT) primers and réverse transcriptase
 (Higuchi e al, 1976). The single-stranded cDNA molecule is then obtained from
 the RNA-DNA hybrid by alkaline hydralysis of the RNA. cDNA’s are able to form L
" a self-priming siructure in which a hairpin loop at the I-terminus is stabilised by
_ | enough base-pamng and can then mnhaﬁse secend-Sh'and synthesxs with DNA "
-_polymerase (Higuem et al, 1976) ’I‘he hairpin is dlgested away by trea.tment thh.'_ o =
-~ the single-strand-specific nuelease $1. cDNA's predueed in this way are blunt- -
 ended and elorung by bluntaended hgatwn mto a veetor is meﬂ‘iemﬂt (Smnhrook o
et al 1989), To emclently clone the eDNA it and the vector are treated in vations -
ways t0 ;ntreduee complementary ends These treatments melude hgatmn of lmkers S
. that contain sites for restriction enzymes that produce sticky ends, attachment. of R o "
| _ -"-adaptors that have prefomled cohesive: ends, and b]r homopolymer tallmg, xe e
| addmg camplementary hemepelymer eequences uamg ternunal transferase (Huynh_ o

Oligo(dG3) tails are added to the cDNA first-strand, The cDNA-RNA hybrids are

spun down an alkaline sucrese gradient which hydrelyses the RNA and enriches _ 5 |

fuﬂ-»length molecules. Second-strand synthesls is primed w1th ol1ge(dC) lmked to

- the same vector: which is added and annealed to the veeter molecule beanng the
~ first-strand cDNA, Alternauvely, the RNA strand is replaced ina DNA polymerase _'
rezotion that is primed {Jy nicking the RNA with RNase H (Okayama and Berg," |

.. -rl
i .
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: 1982) The second strand is thus synthemsed by a mck mslauon type ofreacuon

i Several schemes based on th:s type of seeond-suand synthems have beeu developed |
- for efficient cDNA hbrary clomng, e.g. those developed by Gubler apd Hoﬂ"man s

- (1933), and Lapeym ami Amalne (1985) wluch are presently widely used

_ :It must be noﬁed that not all RNA's bear a 3’ termmal pely(A) sequence ’
Furthetmore, the above methods tesult in 3’ end bias since primmg occurs atthe
3 end of poly(A)*‘ mRNA’s,anchNA syntheswm oftenmcomplem 'I'hus, cDNA: SR

 lbraries are enriched in 3'-terminial sequences (Old & Primrose, '1989), Similarly,

S dtis dltﬂcult to synthemse anid clonefulllength cDNA"s from large mRNA’s, Th1s o
;s oﬂenaproblem when theclonechNAm mbe expressed 'I'hese d:ﬂiculues G
'-be avercome by anmg the ﬂrst—atrand cDNA synﬂlems Wl.th random n]]gg..' o AR
o nualeohde primers. (113‘13113' 4 mlxture of all possible chemlcally Synmesnsed_ BRI

- hmdeoxynucleondes) (Old & anrose, 1939)

- Two )\—based wecﬁors are oommonly used when eonstrnctmg eDNA hbmnes J\gtl() g
'and *&gtll (E‘uynh et aI, 1985) Agtll is an expresmou 'vector that is capable ef .
' pmducmg a polypeptlde cnded by the ¢DNA insert fragment Librauea eonsttucted- -
with this vet::ter are thus termed "expresgion libraries", Such hbranes can be
 soreened with antibodies to isolate clones that carry an insert that codes for antlgens o
- which the antfbodies recognisq,(ﬁuynh et al, 1985). Ths sife of insertion in Agt1l -
is within the JacZ getie that eedes for the a-peptide of B-ga]actos:dase and this the -
foreign insert can be expressed as a fusion protein with this peptide. This emsures

that the foreign DNA will be expressed efficiently in E, coli’ (Huynh et al, 1985)
A problem that is eneeuntered with expressnon hbranes is that correct expressmn
of the insert is oftexs not achieved, either because it is cloned in the wmﬁg'

onentauon, or that it is inserted in sach a way that the wrong readmg frmne is

" transcribed during expresmon

In the present woxk a J\gtlo hbmry was used where expressmn does not oecur -
Screening was done using nucleic acid probes and thui expressmn was not .
' necessary. Agt10 is an ea:tremely healthy baetenophage, producmg large recombi-

oow



- nant phage plaques of uniform size and shape (Huynh ef al, 1985). Thisis thus the
~preferred veetor when using nueleic amd probes to screen the hh:ary (see appendlx TR

'B). Expression of aﬁy insetts that ma.y be toxic to the cell and thereby preVent the_‘:_ o
-1solatton °f the genc of mterest is also avmded S o

| 1-.2.1-.4' Libraify Scm._mg

_Onc.e a suttable hbrary has bee,n prepared, 1t is screened to xdenufy and i solate the o

clones that ha:bour the recombmant DNA molecule which carries the desued' '_ o

_' - sequence, i.¢. part o all of the gene to be studied. There are a number of dlﬂ’ereﬁt" I R
o screemng proceedures that can be employed dependmg on the type of hbrary used. ' L |
| and the type -of vecmr used A few. proeedures are based on. detection of & -

- translauon product of the cloned gene with an Hmbocly to the product Clea:ly, tlus : .

: reqm:res that the cloned gene is ptoperly expressed and 1s thus often meﬂicmnt. o _' '
_Screening based on complementary hybndlsahon of a nuclelc acid. molecule: to the .. 3

o .sequenee of interest is usually easier. Hybnd1sat1en probing is normally performed ' R

_on bactenal colomes cuntammg pIasm;.d or cosmd vectors, or on plaques w1th B
' .baetenopha.ge vectors, The hactenal eolomes or plaques are transferred from an o . |
 agar plate toa mtrocellulose or nylon membrane and the blots treated to remove all . ._:"ff
~ material except the DNA; The DNA- moIecules are denatured and: ﬁxed to the ﬂlter- L |
o allow for hybridisation with nucle:.c atid pTOUB! USU&HY thﬂ prohe s

radioactwely labelled by nick-translation or end—ﬁlhng 0 that any elones that bmd--'

the probe are idenuﬁed by autoradmgraphy. The probe is alluwed m hybndlse for -

‘a period, the filter washed to remove unbound prebe, and then dned and
autoradlographed : o _ o

'1.‘2..-2 GENE SEQUENCmG 3

~ DNA sequencing, where the precise order of nucleoudes in a piece of DNA is
determinied, is one of the most xmportant and widely used techmques in molecular

biology today. 1 may be used as an end in its awn. nght, as when wantmg to_." '
elucidate the strucmre of a g*'“e, or to understand what makes certam genes non- .

TR
[



o ﬁmcnomng, as in the study of mhented huran dlSOl‘de.l‘S Knowmg the Sﬂquenqe,_' s

“ofa gene IS needed when planrung any exPenmental mampulatmn of the. gene - o
' -Restnctlon maps 111ustratmg the posmons of all restm:tlon endonuclease s1tes can EER

be drawn usmg computers if t.he sequence is known. S

Two d1ﬁerent sequencing techmques were developed mdependently and at about the L

S same time, The. two techmques are very different but are equa]ly Valuable, In the:- e

- Maxam and Gilbert (1977) method, a defined DNA restriction fragthent is treated

 with various chemical reagenits that results in bas~specific cleavage of the DNA.

i When the fragment of DNA is end-labelled and is escposed to each of these. reagents o

Cina lumted reactton, a nested set of end-Iaus Wi fragments of dﬂferent lengths i

generated The limited reacttcn 1s such that there are only afew cleavages per DNA ) N _. .- SN

molecule. The fragments thus generated are denatuxed and fracttcnated on the basis - B
" of their length on'a gel containing 6-20% polyacrylanude (hlgh resolutlon) and M
urea (denatura.nt) The sequence can then be read off the sequencmg Iadders thati_- R

o result from autcradmgraphy of the gels. .

The second method is the cl"am termmatton methcd developed by Sanger et al | |
. '(1977) ‘This method is preferred for large-Scale DNA sequencmg (Old & Primrose, -

- 1989) The DNA fragment to be sequenced is first denatured A sultable prime1 i’ S
added and the DNA. ¢opied by a DNA pelymerase (usually the Klenow fmgment_"- - _

. of DNA polymerase 1). This synthems is carned out int the presence of the four‘. S
deoxynueleonde‘s one of wmch is usua]ly radioactively labelled, Four separate -

reactions are carried out, Tn addition to the above components each includes a ow

' concentra.tton of one of each of the fcur dideoxynucleoside trlphosphate analogues,

~ When an analogue is incorporated, DNA synthesis cannot proceed due to the i

.absence of the 3* hydroxyl group to which the Klenow fragment usua]ly catalyses

the addition of the next deoxynucleoude In this way, DNA synthesls is halted in -, o

‘every position along the DNA fragment being copied. Thus, ‘gach of _th_e __fcu_r
reaction mixtures generates a populstios of partially synthesised radioactive DNA"

* molecules, each havmg 2 common 5 end, but each varying in length to a specific - -
base at the 3* end. Each. 1‘eactton mmme is mcubated for a sultable ume and then N



o { :_-'---denatured and electrophoresed mde-»by—mde The sequencs 1s reacl fmm the _'
autoxadmgraphprepared fmmthegel S e _ U

el

e

o :; Other enzymes t.hat are currently more pupmar when usmg ths chmn—termmauon

- - method are modlﬁed forms of the T7 DNA polymerasa such as Sequenase. and the

' Tag DNA polymerase whmh a]lows the cham-termmauon reachon to be carned out -

S -at mgh temperanues which prevents cham—termmauon axlaefacts caused by secondary
. siructure in the DNA. Special single-stranded vectors such as the M13mp series
. (Wmlra & Messmg, 1982) are often used, to facilitate the seqummng procedure, R

" since the DNA to be sequenced can be inserted in mngle—stranded form adiacﬁ“t to

B -’1 3 ISOLATION OF TI:IE XENOPUS 'INAP GENE
| :'1.3 1 POSSIBLE smm&ms

L -As menuoned hefore, there are some tentatwe tlata that suggest that the 1sozyme _
2 lmportant mXenopus embryologlcal development is a TNAP type Umﬂ rec ently, JR

S _a sPeczﬁc pnmer-bmdmg sue to whmh a synthenc pnmer is  anne 15 1 TR o _  v

T S

" no TNAP genes had been cornpletely se:quencad due to thelr Iarge s;zek Howe 5 f o
- there arc now several 'I'NAP genes fully charachensed and which couid be used to

-probe DNA hbranes construched from mRNA 1sola+ed from Xenopu.r laevis
| erabryo’s, There are, of course, several posmble strategies that could be employed
to 1solate the Xenapus AP gene, U ' '

Ly The probmg of 2 hbrary thh a cDNA that codes for a previously
S 'charactensed AP gene from other, posmbly from ciosely xelated

. ammals Thig strategy is based on the assumpuon tbat the homology

"shaxed by the AP genes should enable the. 1dent1ﬁcat10n of clones

- '\mth part or all of the Xenopus TNAP sequence, under reasonably .

_ i stringent oondmons . . S
) _The probmg of a hbrary w'th a chenuca]ly syntlwsxsed

' .qh_gonucleonde,_ bas_ed. on the _ho_molpgy of pr_mou_sly _s_eqm::nce_ad e .



| A o B 45 o
= geﬁes The mam chsadvantage W1th thls approach 1s the d1fﬁcu1ty m_" ;"' o

':"hbemng the short probes. -

) _' The probmg of an. express:on hbrary W1th an an’ti—a]]ralme _ B
phosphatase antibody The success of this approach clearly depends
 on high expression of the cloned AP gene and that the product s

'essentially structurally the same as the active AP in Xenopus. A

" positive clone would contain most, if not all, of the cDNA for the_'--' |
AP, whereas in the ﬁrst two suawgles posmve clones would not - _. |
. neoessanty have fall—length DNA's and further soreenings wouldbe

R

- & By du-ect selectton ofAP actmty in an expressmn nbrary rﬂsmg the' - .
N AP-speclﬁc chromogenic substrate 5-bromo-4 chloro-B-mdolyl el
L phosphate (BCIP) It is clearly necessary that the cloned AP be L

_'express‘.ed and that the procluct is act1ve., B -
' 5) .By usmg the polymerase cham reactlon (PCR) to’ generate a'

_..lenopus~spec1ﬁc probe. aners are needed that can bmd to rﬁg!ons--_..* C .

" : ﬂan]cmg part of the Xenopus AP gene‘ Such pmners could be |
o synthestsed based on highly conserved regtons in AP nenes and the'ﬁ | B
PCR product would then be hlghly speclﬁc for the Jtenopm gene

Prevmus h1stochem1ca1 studies oernopus emhryos m tlus iaboratory have partly: -

 elucidated the spatial distribution of the alkalink phosphatase in the developing

~ embryo. Inhibition studies have indicated that the AP involved is 2 TNAP which o
 also agrees with the Spatlal distribution found. These studles have also suggested-

that the TNAP plays an 1mportant role in the embryo whlch is’ supported by studies

in other animals, The TNAP could be somehow involved in gmdmg cell movements .
as well as be an important enzyme in vatious processes that are essentlal for normal o

development of the embryo, Further work is necessary to elucxdate the premse' :

| 'fnnctlons of AP in these early stages.




: 'The Xenopus TNAP DNA will then be

| -J_'-.}_4'6f-_'f

N -'Unhl recently, 1t has proven dlﬂ‘icult to study 'INAP at the molecular level duo to s o
R the Tack of suitable probes, Eukaryotlc AP gene structure and: funchon hasonly
o 3__ been studlod m the last decade and has only begun to be understood Itis thus now_f. : o -
o good time o study the Xenopus gene at the molecular level. The molecular'_'_:""-'
clonmg of the: Xenopus 'INAP gene is the pnmary a1m of thls project Any other - e

S AP genes that could be ofmterost wﬂl also be looked for s:lnce the neoessary probes _: o
areavallable N | o A

X '-'The search wﬂl begm W1th the seroemng of a cDNA hbrary Wﬂh 'INAP'SPC‘”ﬁc o B :
nu cIelc aﬁ id probes Smce AP expresmon is ]'ugh durmg neurulation of the frog. e

- embryo (sce soctlon 11 5), a cDNA hhrary constructed from mRNA frorn these.' B LT

| e stages wﬂl be screened Other strategles may be employed 1f the ﬁrst approach"__ BT
o proves unsuccessful . S e

R "'Once thc: TNAP cDNA clono is avallable, the sequence codmg for the 'INAP wﬂl R
| be detenmned The sequence obtamod will tl;en be ggmpamd to Pllbhsh ed TN, AP = _
' o sequences of other amma]s, _The degree of homology wﬂl be ossontlal in oonﬁrmmg ._ - : o
'_?'_-the authentlmty of the soquenco obtamed Reglons 1mportant for catalyhc actmty RRRERES

_ | .'and s1tes of possmle post—translatlonal procesmng Such as glycosylatlon wﬂ; bc - .

genorme DNA in order to ﬂetermme the conﬁalemty of tho locus or locl, as the case N
~ may be. Sumlarly, Northcm blot analyms wﬂl silso be employed to study the sme
o and oxpressxon of t.he TNAP mRNA T L S

mpmbmg Southem blots ofrestncted- e



_ ' _Thecompomtonofallmedlaat:dsolunonsusedmthmworkare gwenm'a; o
A Al pmhes used for screening and hybridisation analyses were lﬂndly provided _:' B
by Dr. José Mﬂlﬁn of the La Jolla Cancer Reswrch Foundauon Perxmwon to _. _. .

- _.Perform the expenments involving Xenopus. Iaews descnbed here was gmllted bY B

- the Ammal Etlucs Comnuttee (clearance number 93 73 3)

- 2--'1 THECDNALIBRARY o

A cDNA. hbrary was donabed by Dr. Haza‘l Slve of the Whnehead Institute for- S

';Bmmedmal Reseamh (Cambridge, Massachusetts) The hbrary was constructed-f s
from mRNA extracted from ‘pooled X. laevis embryos mlabe neuru!a! taﬂbud stages'_.: 5 R
(stages 19 - 23, Niewkoop & Faber, 1967). Poly (A)* RNA was isolated and oligo

oo

d(T)-primed for first strand synthesis, The fist strands were d(G) talled and then

* oligo d(C) primed for sécond strand synthess. AﬂEcoRIsitesweremethylatedand-{{ R
the methylation was conﬂrmed EcoRI linksrs. were attached and after EcoRI_' .
digestion, the CDNA fragments were mserted mtheEcoRI s1beof the vestor Agt10. L
 The ayerage insert sxzewasfoundtobeikbandtherewere4xw’mdependent o
inserts. ‘The library was prepared in Augum. 1‘986 and stored in so% glycerol at

—80°C

i.z --EVALUA"HON OF TIIE LIBRARY .

The Hbrary was ttred to ensure that it was svitable for screening (not degraded and
with a good number of plaque—fomung umts) E, calz sirain. t‘.‘ﬁ}o (Hﬂ) (appendlx S
B) was grown in LB broth supplemented with maltoae (0 29% ﬁneil) and MgSO., (10 o



mM) A trlphcate dtlutron series of the hbrary was prepared ’éngmg from 10"

10" using salt-maltose (SM) phage buffer. 100 4k of the. bactfiﬁ“l culre inlog
g phese was added to each dﬂutmn and placed, gently shakmg, at 37“0 for 20 -
| minutes, to allow the phage to adsorb o the bacteria. Top agarose was’ melted by o -
- autoclavmg and mamtamed at 47°C unt11 needed After suPplementmg the top o

agarose w1th 10mM MgS0,, 3 ml were added to each’ adsorbed sample, mverbed |
- a few fimes and poured on prewarmed ("37°C) 1B agar plates. After 1 hour, when” )

S the' top agarose set the plates were i: bated at 37°C for 6-8 hours till clear, wem-: N

*defined plaques could be seen. All the clear plagues could be taken o represent
o recombmant plaques, since Agtlis an mtmumty msertxon vector {see apy randix B)
- 'The number of plaques on each plate was counted where poss1b1e, and the numbe.
- of plaque—fornung umts (PFU’s) per ml of the hbrary was determmed
o "2.31 ) PRDB_-E PREPARATION SRS
- 2;3._1 "'fROBE _-i‘s’oLA'r:toN o

' _'The probes used for the pnmary soreenmg were the chtoken and mouse TNAP
cDNA’s Both probes were received in plasmrfl pBluesenpt KS"‘ (appendtx B) The_ : _'

| probes were 1solated by drgestmg the plasmlds with EcoRI and the dlgests AT =
' electrophoresed at 100 v through a 0, 67% agarose get us:ng IX TBE W1th 05 .
pg/ml ethidium hronude (EtBr) as runmng buﬂ"er “This was: generally how_'- .

'electrophoresrs of DNA was performed

AL probe bands were cut out “3“‘8 a sharp razor blade The small gel Pleoes y

oarrymg the probes were placed in small Beckman polyc:arbonate centnfuge '“dbes o
and spyn at 55 000 RPM for 20 mmutes at 15°C in & Beckman ‘I‘L-I{K)

ultracentnfuge The supematants carrymg the probe DNA Were transferred to - :
eppendorfs and then washed once in 1 volume 1:1 phenol chloroform and then m_-_' o

1 volume of chloroform, The probes weze precipitated with NaCl (0. 3M final) and

2.5 wlumes of pure etharol, and placed at -20°c for 12 hours The pellets were
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[ Y

o and were prepaned in the same way aa the chlcken and meuse probas

o Probe iabellmg was performed using & ‘Random aned DNA labelhng K a
o (Boehrmger Mariitheim). Genera]ly, the DNA probe would be radiolabelled with

- :-_[m-32PTdCI'P (Du Pont) 10 give at Ieast 1 X 105 CPM per. ml of hybn dlsatton' -

 hour, Umncorporated nucleotides were separated out: usmg mtmwspm cgiumn

exclusmu chromatography on Sephadex G50 (Wdrthmgten) The vmd volume of the. o
= ]abe]ung reaetton mixture after exctumon chromatography, was brought up 0 200 k o _
il with TE buffer. . To quanttfy the mcotporatmn of lhe radloactwe nucIeottdes, 1 | '- ::f ;
pl of the labelled reaction ‘mixture was placed in 2 ml 1‘30]11“11&“0“ ﬂu:?l in |
' scmtillatwn vials, and the Cherenkov radlauon measured Wlth a scmttllation o‘ouﬂter' - “
(Béckmann LS 5000 CE). The labelled probe was denatured again by boiling for | 3
10 mmutes and Jmmed,tately transfemng to ice, The labelled and denatured probe ' o R

. was then ready for screeMg or hybrtdtsatmn ' - o

f:.solutton, The pmcedure was as- follows 20»40 ng of the probe DNA was dlssolved s - _' T
o in20m of TE and denaty 3 by placmg in boiling water for 5 mmutes, and then.]_-'--_ S
transferred dtrecﬂy o 10&. The Jlabellmg solution Wo ‘prepated to 20 ul Wlth:- =
R '"__reactton buffer, whlch mcluded random seqﬂence heXanucleottdes Wlu h bn‘td to the X _' - '
| denatured probe DNA and a solunon cuntainmg a mtxture of the deoit Jnucleottdes o | v |
 JATP, dGTP and dTTP, After addmg the dehatured probe, the [«*2PJACTP and ~ =

. ﬂ“auy the Klemw eﬂzyme were. added The mzxture Was. mc;ubatad a 37°C. forl - R

P spuu clnwn, w_ashed in 70% ethanol vacuum dned and then redtssolved in TE tof" R
o gtve 1(1~20 nglptl soluttons in whlch they were stored at 4°C R

" Other Probes were aiso us'ed durmg screenmg hnd hybndzsatmn 31‘313’533 These | - o o
' were the rabbit intestinal AP (fIAP), mouse intestinal AP (MIAP) and mbbit
o __embryomc AP (tHAP) ¢DNA’s. These were also provided ligated in. pBluesmpt‘i BN



P

for 1—2 hours

z__.4.z moBEfHYmISATIONf -

soltion was always preheated to 56°C to ensure that the hemng sperm DNA was

denatured, Filters were prehybndlsed ina genﬂy rotaﬁns water bath at 2°c f"f S o

a mlmmum of 1 hour,.

mmﬂmmm e

""-'For sqeenmg of the Ilbrary, an. ovemlght cultute of E. coli in LB broth
) suppl@ménted with maltose and MgSO4 was prepared For thepnmary screamng, k ; .
- the library (1/10 dilution) was plated on petri dishes with diameter of 14 om, such
 that there would be 35 000 PFU gier plate, This ws to ensure the maximum™ .
- numbér of clear, non-conﬂuent plaques on each plalx.. For eac.h plate, 300 y.l}_'_- . -
. bacterisl culture was mixed with 3.5 ul 1/10 dituted tibraty phage, incubated-at
~ 37°C for 2 minutes for adsorption, mised with 10 i top agarose supplemented -
- mth 10 mM Mgsq, and evenly pnured over the LB ager plate. After setting, SR
o plates were ineubated at 37°C for. = 4 hours to allow for large, clear plaques o
© grow. Bach plate was blotted, in duplicate, onto Biotrans nylon membranes. Each .-
" plate was cooled to 4°C for 30 minutes, Bach fltéf was ovenly laid on the plate-
thc first ﬁlter was Teft on for 1 mmute, the seoond for 15 mmutea to msure;.f N -
 equivaient blotting. Each filter was matked with three assymetric marks using. -
'needle and india ink., Thxs served g ,Identlfy any posmve clones later. Afﬁer o
blottmg, ‘each iilter was- placed ont Whatmaml filter paper ‘souked w1th de.naturatmn .'
solution for 5 miniutes. Afterblottmg on dry filter paper, the filrezs were transferred =
to fler paper soaked with neutralising solution and lef for § minutes. After air-
drying each filter thoroughly, they were ﬁxed by bahng in a vacuum oven at 80"(:' S

_Theﬁxedﬁltmwereﬂlomughl}'prewetﬁedmzxssc 'Ihewetﬁlters wereplacedf el
in plastic sealable bags and Pl‘eh}'bndlsatlon solution added Prehybnmsationj

=



l

- .Laherled probe was nuxed Wlth the prehybndisatmn solutron m the plasuc bag'-_ : :-' i
. containing the ﬁlters to bs screened After resealmg, the ﬁlters were mcubated at - )
B 42_?Cina slowly _mtahng. waterbath_ for.14~_e_i8-hours_-t_q..allow.hybrrdlsauon_tqo;_,_c_u;‘_ S

243 .ISOLATIQN-AN&'-?URIFIQTION o_lsf'm'smvEs e

" Probed filiers were . removed from the hybndlsahon bags and placed in a tfa}' o
- contalmng a 2X 8SC, 0.1% sodinm dodecyl sulphate (SDS) solutmn for the first S o
low stnngency wash 'I‘hls wash was. repeatcd twice, euch ume shaldng gﬁﬂﬂ)’ for | o L
10 minutes. This was followed with a high stringency wash in 0.2X SSC, 0.1%
- SDS at room temperature, for 30 mmutes Hthe filters exhlblted a-high background - . o
| 31gnal as deternuned Wlﬂ'l a Gelger counter, another wash was carned out with |
. 0.2K SSC, 0.1% SDS at 47°C for 15-30 minutes: The filters were then placed =
| * betwesn tWO Iayers of sam wtap and expoSeﬁ t(} X*-ray ﬁ]m overmght at -70°C Tl
| _ i“llms were develoPed in an X—ray developer R i |

_Any dark spots with a sl1ght tail (an arttfact caused by the hftlng off of the ﬁxters_-" S
from the plates) on the autoradiograph were taken as putatm‘: pOSlthBS The clones' o
© that ecrresponded w1th thess 5pots were marked off mth pen on the plates These o

' plaques ‘were then cut. out of the agar plates and transferred by mea.ns of mxcro~'-_ | o
. plpette tips into ‘1ml SM buﬂ’er contalnmg 10 p.l chlorofonn After. vorte:ung___ ) o

thoroughly for a few seconds, these were left at room temperature for about an

“hour, to allow the phage to diffuse ‘nto the buﬂ"er These solutions, beanng the :
_phage from the putatwe positive | plaques ‘were then prepared for secondary

screening. Bach plug generally yielded 1(P - 10 PFUfpl of SM. soluuon. 1.100 -
1:1000 and 3: 1000 dllutmns of each positive plaque were made, to result in10 -
100 PHU, 1 - 10 PRU and 3 - 30 PFU per plate, respectwely. The d:luted pl;_mge '

. was plated on E. coli 600 (I-Iﬂ) and the screemng process Iepeated

o

-Non-conﬂuent, 'single positiire plaques were transferred -to' .SM b'uffei'__ coiitaining
‘chloroform, Phage from such positives were then amplified, either by the growing

. ¥
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. Fﬂters from the ﬁrst pnmary screenmg were Stnpped ef the mouse and chmkfm o | .
' "ITNAP prﬁbes to rescreen with' alten)ab.ve probes, wz rabb:lt wtesunal and rahb1t K R
. embryome AP cDNA’s To stnp, ﬁlters Were placed ina ttay contammg a hot (,,, e

B _. ef lysates oF by means of the pelymerase chain reaet;on (PCR) Thls was done 30 S L
' 'that the DNA mserts fmm the posmvc plaques eeuld be sequealced

ﬁ .

- 85°C) solution of 0.1X $SC, 0,1% SDS. The filters were washed for 15 mmutes' SRR

o - -_and exposed overmght to X—ray ﬁlm, before hemg reprobed

- '.-"-r;-.,’I'he method used here is a modxﬁed ene from Sambreok et al (1989) Fcu: each ) .: B
| --'posltwe plague, six: cultures of E colt LGOG were. prepared “To'50 ml LB bmth
1 2% maltose, 0. 2% glucose, 10 mM J.‘#IgSO4, 100 pl of an overmght culture of B

Goli C600 was added. Each of the six pri\paratlons wete given dlﬁ‘erent mﬂculanons BT

of phage, ranging from 0 ml to 250 ,ul of the SM buft’er eentammg the phage fmm

' ’the pesmve plaques This ‘was done to dt-.temune wluch sme moculum gave the o

- maximum- amount of lysm (mammum phage ,\,rowth) after an overmght mcubf‘ on _- ._

at 37°C. Two lysates w1th the most lysis (ce]l debnslelumps) obserVed were chosen SR :

- for phage DNA exiraction. To each lysate, 500 p.l chloroform was added and placed
ona shaker for 30 minutes to release phage from the bacterial eells All eell debris - R
was spun down at 11 000 G, for 10 minutes at 4°C. The supernatant was: carefully g
removed to a clean beaker. An equal volume of 2 M NaCl 20% polyethylene _
'- glycol (PEC~8000) was added and the rmxture allowed. to stand on ice for 1-2
hours, Precipitated phage was then reeevered by a 20 000 G eentnfugatlon fer 15 |
- minutes at 4°C. Each pellet was resuspended i1 ml SM buﬂ’er, ‘the tube wa]Is _
were washied well with the buffer to recover most of the phage An equal VOIume 3

of chloroform was added and the mlxture vortexed for 30 secends. The ergamc

 phase (beating the PEG-and cell debris) and the aqueous phase (the baetenophage -
 suspension) were separated by centrifuging at 3.000 G for 15 minutes _at- 15-"_(1. A



: B . | s R
‘ "_'glyoerol step gramem was prepared 750 ,al 0% glycerol (in M buﬁ‘er) a0
- placed at the bottam of an ultraelear eentnfuge tube, : d 750 ul 59 glycero}_ was' “
| _carefu!ly layared on the first Iayer The . aqueous supematant was then la yered o :; .

top of the 3% g1Yc:erol and the tube ﬁlled to the top W1th buﬂ-‘en “This. was” g 3

-'centuﬁiged in an SW40 rotor (swmg bucket) at 55 000 RPM for one hour at 4°C.. =~ R

~ The supematant was discarded, the. walls of the tube dned and the phage pellet
- resuspended in 50 4l SM and pIaced at 4°C overmght Phage DNA ‘was then :

:e:xtraeted by pheno]/chloroform, chloroform and’ ethanei washes, The DNA was
o then redlssolved in. TE buffer. : - C

: An altematlve method was used 10 prepare a large-scale phage lysa.te A 250 ml L
' euiture was .\preparcd as abeve, but glucose was excluded A CO"fSIal'lt baetenal

irioculam size of 101 cells was uaed The appropnate volume of a stazter culture R

 was added to the 250 ml LB hroth as detemuned by the fact that 1 ODm unit, =

8x 10 cells/ml of culture (Samb:rook eral; 1989). A range of phage inocula was

- also used ranging from 5X 106 to 5 X 101 PFU’s per 250 mi culture 'Ihese"-"'.

S -meeula were determmed from titres determmad from lysates prepared before

z_.’s' PCR AMPLIFICA’I‘ION OF POSITIVE NSERT_S_- o

Agar Plugs canymg a smgle TNAP pesmve plaque were placed in 400 p.l double- . o
distilled water and vortexed fo release the phage into the water. 100 jl of the Phage R

suspe:nsmn was then treated to release the DNA from the phage parucles ‘The |
suspensmn was frozen rapldly t0-20°Cina dry~1ce-ethan01 mzxture fer 3 mmutes

~ followed by a3 mmute thaw at 37°C. This freeze-thaw cycle was carried out tw1ce :

The teleased DNA was then denatured by placing in boiling water for 5 rnivintes”

: and then transferred to ice unmedxately The PCR reaction nuxture contained 10 AR

mM TrisHCL (5H, 8. 3), 50 mM KCl, L5 mM MgClh, 0.1 mglml gelatin

(Clontechy, 0.2 mM dATP, 0.2 M dTTP, 0.2 mM dGTP, 0.2 mM dCTP, 10 -

M of both the forward and reverse.primers_(‘_s *and 3 amplimers that bind fo sites 5
flanking the cloning sites of A and face each other from opposite strands), and 003
- L./l Taq polymerase (Petkin Elmer Cetus). The reaction mixture was layered



- _nver Wlﬂ‘l mmeral 011 to prevent evaporahen, and then mcubated in a thermal

i "controller(MJReseaIchInc) Therewasannuhalpreparatorycychconsasﬁngof _ o
o 'denatunng at 94"0 for 30 seconds, anneahng atSO"C for 15 seconds, and extensmn S

at 72°C for 1 mmute Thls was followed by 30 r:ycles of denatunng at 94°C for 15

o seconda., annealmg at 50°C: for 15 seconds and extenmon at 72°C for 1 mmute

: _-’I‘he PCR was concluded wxﬂt: a7 mmute chase reaction at 72°C folluwed bya
o 'holdmg temperature. of 4°C 20 ,u,l of each rmnon was loaded ona 1 &?( wross;

. When the PCR was completed 1 velume ef chlorofann was adcled to each sample

v fo get nd of the mmeral m’L After vortexmg bﬁeﬂy and’ centnfugmg in a R
microfuge, the chloroform/ml sank to the bottem of the eppendoxf The T

'supematant caﬁymg the PCR amphﬁed msens, were transferred o new
- eppendorfs To. 30 ul of each: sample 6 W of leldmg buffer was added 18 ul of

. each sample was loaded into 2 adjacent 1 wells ona l% agarose gel w1ﬂ1 ettud:lum _ o

N brormde and electrophoresed at 100 V for 15 mmutes. The bangs representmg th_
o -amphﬁed inserts were cut out and the DNA molated as descnbed in section 2.3.1.

- _' After a Phenolichleroform wash and prec1p1tat10n w1th Q. 3 M NaCl/ethanol the
. DNA was redlsselved in 25 pl of 'I‘E This DNA was then hgated mto a phagelmd

_vector for. sequencmg (2 11 1)

A,

27 NEURULAS:[‘AGEEMBRYOS R L

. To obtam eggs female Xenopus laevis were mwcted sqpcutaneously mfh 700 IU
follicle stlmulatmg hormone (FSH) 3-4 days before the eggs were necded The day
‘before the | eggs were to be. laid, 200 o pregnyl was mjected Eggs were; cullected

) by stnpbmg (gentle massagmg) and then placed in full—strength Modlﬁed Barth* “

- Saline (MBS) for an hour. A téstis was removed from a male. frog. wlnch was

| sacnﬁced by a lethal mjectmn of sochum pentobarbltone ©, 08 ml per 200 E frog)
The second testis was stored at 4°C in MBS for later use. The test:[s was maoerated__
111 MBS. After draining of the MBS solution from- the epgs, the macerated testis
was p:petted over the eggs and 1/10 MBS added to actxvate the sperm cells ami to




- allow fernhsatmn ef the oecytes (leftfor 15 mmutes) Fertlhsed eggs were thenleﬁfi'j..;“: L
L at room tem;;erature to develop. and the stages determmed nucmseopmlly as
- described by Niewkoop and Faber (1967). After the first few divisions, thie eggs‘ S

-weredejelhed by treatmenthth a2 S% cysteme—HCl selutien (pH7 88, 0) After. . B I
_ washmg thoroughly thh IIIOMBS the e:nbryes were leﬂtodevelop furthertothe' i T
' _'requlred stages With the a1d of a dzssectmg mlcroscepe (Wild Heerbrugg) and
- watchmakers foreeps, embryos m stages 17 to. 21 ‘ie nuddle to 1a13e neumla-_ L
| (NLewknop & Faher, 1967) ‘were 1solated and pIaced in a Petn dtsh ﬂlled WLth el

_ Ail glassware was rendem nbonuclease free by evernight treatment at 180°C ' s
o Sterile, dlsposable plastlcwaxe was used wherever possbeP All solutions, exeept e
o "-"I'ns-contalmng solutions, were treated w1ﬂ1 0.1% dlethyl pyrocarbonate (DEPC) . -
= :overmght at 37°C and then autoclaved for 15 mmutes teremove all the DEPC AL _
" waler used was. double—dlstllleﬁ and DEPC treated Gloves were wom througheut'_'.' o .

thework and changed frequenﬂy SRR

RNA was extracted from Xenopus laevis -embfye's in the nieurula étage for Northern |
blot analyms usmg the TNAP cDNA as probe that would be 1s¢Iat5d, In eaeh'“ o
extraction, apprommately 5 ml of packed embryn ‘was placed in a Dounce _'
'-'homogemser and the MBS replaced w1th 10X volume of soluuon D, After'
' hemogemsanon protems lipids and large Dl\IA moleeules were prempltated w1th L _
1/10 volume 2 M sodium acetate (pH 4):; 1 volume phenol (centammg 0.1% :
_ hydroxyqumohne) and 1/5 volume ehloroform were added and mlxed by vzgoreus :

- shaking. After leavmg on ice for 15 minutes, the aqueous and orgamc phases were .

' separated by centrifugation at 10 000 G for 20 rni.uutes at 4°C usmg a Sorvall RCS' -

- centrifuge. All'the preclpuate formed a stnngy white mass m the organic p!_lase a:rd -

- _'{1\'\ o
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_ mRNA Was c:eparaled from some 01' the totaI RNA samples by aﬂimty SR

| ; _chromatography on ohgo d(’[‘)—cellulose “The RNA (,was heated o 65«(: for 10 ' :
L _mmutes and then. placed o 1cefor5 mmutes. 0.5 gary oligo d('I‘)vceilulose«pawder ERE
- - was used for each samp]e The cellulose was aquﬂzbrated with 2ml Ioadlng buifer'. __ '
~in Comexiibe. 2 ml of denatured RNA was added to the equilibrated ceflulose,
- Poly(A) RNA was isolated ’by Washmg wuh bmdmg buﬁ’er twiu.e After each Wa,sh__j;” S e
' and oenmfuganon at i 500 G for4 mmutes at 15°C, the supematant was co]lecned . |

'The POIY(A) RNA was preclpﬂ«ated Wlth cold cthanol and stored at -20°C . e

W R
._\-

'- Precrpltated poly(A)*’ RNA was spun down at 10 000 G for 30 nunutes at 4°C and : o
 redissolved in 250 ul walae.r Aftera further spin to get rid of any res1dual ce[lulose ::'_' R
| beads, the conc.atratlon of the rnRNA was detcrmmed spectrophotometncaliy

. The preclpxmted RNA was spun down at 10 000 G for 30 minutes 2t 4°C. The
" supernatant was discarded and the pellet blot-dried. The total RNA was redissatved .

o in 250 pk 1 mM EDTA The mncentratxon of RNA was detemuned speclxophoto— L
o '-._--metrmlly using a ‘Beckman DU-64 spectmphotometer “The concentrahnn was. R
_'-.;demnnmed based on the fact Lhat for RNA 1 onm unit = 40 g it

Ry _mberfacé ’I'lie aqueous phase was im]ated and 2 volumes 100% ethanol adcled‘ The B
o botal RNA was then aﬂow :f:p. preclpllate at —20"(3 overmght |

| 'The oellulosc beads Were then washeq fOur tunes v.uth 5 ml blp,dmg buﬁ'm- and once-_': -'"_ ' -
. W1t11 5 ml middle binding buffer to elute. any more contammatmg poly(A) RNA.. o :
 The supernatant was d:scarded after each wash “The poly(A)"“ RNA was then eluted - g
- from the cellulose beads by washing with 5 ml elution buﬁ‘er After cenmfugatlon, o
the mRNA. vas prscipited by adding "o volume 3 M sodium acetate and 2.5
- ‘Volumes ethanol and stored at -20°C. e S
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| DNA was mdmcted fmm Xenopus Iams ;I:'or Southem blot analyms The promool_ S . .

_ uwd was modxﬁed ﬁ:om Mu}lenbach et al (1989) Blood was oollmted fmm R

sacﬂﬂwd male fcogs and cenmfuged bneﬂy ina mlcrafuge Red bIood oe;lls Were ;
washed in6 ml?hnsphahe buffered saline (.n -\s), pelleted and lyged by mmﬂg; S L
i IZmISEbuﬂ"eI Pronemase:g{wasadaed maﬁnalconcentratmofzoo HE- ml“ R B
3-’*1‘1 SDS Wﬂs adﬁﬁd o 1% The solutmn wasmcubated 3155*’(_‘, fOI.‘ 1 hour After_ _.
compm dlgestmn L prewarmed saturated NaCl ml“ﬁm (5 M) was added- and"-._;_liif RS '.
gentiy mmed to a final x:oncentratwn of 1, 5 M. Probems were then extracted by |

, adding 1 volume of chloroform and mixing for 1 hous by gentle rotation. Afiera

10 nmute oentnﬁngatlon at 2 000" RPM the aqueous phase was, transferred 10 a_:_' '; ’

 fresh, sterile ‘wbe and  mired with 1 volme of a soltion of

phenol rchloroform:isoamylaicohol (24:24:1). After another spin, ﬂleaqueous phass
was washed mth 1 volume of dﬁmofoxm and then the DNA was prec:lpitahed on e

aglassrodm25 volumes ofpure ethanol TheDNAwas vacuumdned

rethssolved in ’IB . The. “purity and y:.eld of DNA was ﬂetenmned",:_ '-

spectrophotomctﬂcaﬂy (for DNA 1 ODm umt = 50 pg ml‘)

2.10

Y ‘ - ISA'I‘ION ANALYSIS

? -2':.1'0.1 -RES’IRIC’I_‘ION- OF_Gmomc DNA.- o

’Ihe elght restncnon endonucleases chosen to dlgest Xenopus genomw DN A weze .. LR

 BamH T, EcoR 1, Hind TH, Pst I, Pyu'IL, Sac I, Xba T and Xho I. Eachdlgestwas

performed on 10 g DNA in’a 100!‘1"01“’“'-": mcludmgtheDNA digsolved in TE, o
_ 100Uofxesmctmnf‘dlzyme andappropnateenzymebuﬁer Thevolumewasmade o
up to 100 L with distilled water. mgesu.on was camed out: at’ the dptlmumf .

tempe:ahne for mh enzyme overmght



- A0.8% gel was prepared in 1X TBE buffer and 0.5 pg/m ethidium bromide. The
- -gel could be stored at rcom temperature under TBE xmtll ready for-' o

'_ Before eIectmphoresm each DNA dlgest Was preclpxtated washcd and redmsolved _:_ _'
.in 25 4l TB. 5 pl Toading buffer was added and then each sample loaded into
-_adjacent wells - of the gel 4.ambda molecular weight marker I (Boehnnger_-' e
_. Mannhelm) was also joaded mto remaining wells, The DNA was eiectmphoreslxl B
at 100 v in 1X TBE running buﬁ'er containing 0. 5 ug/ml ethldzum brcmlde When
the dye front reached a little more than half way dcwn the gel the power supply” o
was switched” oﬂ' and the gcl exammed under UV transﬂiummatlon and thc - o

completeness of the dlgesnon ascertained The gel was then photogrsphed

Blothng of the clectmphoresed DNA was carncd ont by the capﬂlary transfer. -

methcd as désenbed by Scuthcm (1975) Aﬁet elcctrophorems, the gel was acld' o

treated in 0. 2‘1 M HCL for 15 ‘minutes-on an orb1tal shaker After rinsing with o
--dlstllled water the gel was placed m a high salt denatunng solutmn shakmg fcr 1 |

hour, A sheet of Whatman 3MM paper was cut to size and placed over a glass plate .

with the ends of the paper Jmmersed in a glass dlsh w1th 20X SSC. Any aerubbles:. .

.trapped_between_the wet paper (wick) and pl_at_e were remcvcd by __rol]m_g a glass _1_:od_'

~ over the wet paper. The gel was placed-cpside" down onto the wick andagam all
air bubbles removed. A shest of "Hybond* nylon membrane (Amershar), sightly
: la:ger than the dlmensmns of the gel, was nnmersed m 20X SSC for 5 mmutcs .

. The nylon filter was placed on top of the gel, agam all azr bubbles smoethed out.
Two shests of 3MM paper, the same size a8 the geI ‘were soaked i in 20X SSC and - . o
layered onto the nylon, air bubbles elumnatcd Three addmcnal dry sheets of BMM o

' papcr were placed on Iacp.. Fma]ly_, a stack of paper towels (about 8 __c__m lngh) wa_s
placed on the 3MM paper. ‘A glass plate was placed on top of the stack and o




i weighed ¢ dovn with 2 500 g weaght. Short-mrcmtlng was prevmted by wmppmg L
o parafilm bemeen the ﬁylon and wick, Blotting was carried out for 1 to 3'days. The o
. paper towels and 3MM paper were then discarded and i positions of the wells

_ marked on the nylon filtet mthpm ’I‘he filter was Plaoed between two Sheet.s of A

| Whatman paper and bﬂkﬁd ﬁ)l‘ 2 hOIIIS at 30°C 1!1 a vacuum m UV _ -. o o
mmmmmﬂmegﬁmmmeeﬁmmyofmsfﬁ '

o "z;i_o_’._4 mmmmmaGELEIECmomomsrs _or _BNA-Z_ :_ L

'\E. :

'A 1% agamse gel was prepared na fumehood 1 g agarose was. dissolved o 74 3
~ ml of RNase-free water by boiling i a microwave oven and thén cooled 0 65°C. .
10l 10% MOPS, pH 7.0 and 16 mlﬁ]tered deionised 37% formaldebyde were
. a.dded “The fonnaldehyde was delomsed by 3dd“18 50 ml formaldehyde to 5 gof -
o a mlxed~bedremn (Bio-Rad AG 591-xs> and stirred gently ove::mght at 4°C. After_ i
. fittering twice through Whatman No, 1 fiter paper, the formaldehyde was aliquoted
- and ,,stored at -20°C. The ﬂna’l concentration of the fonnaldehyde in the gel was e L
aboutﬁ% ’I‘he gel soluhon wag mixed thoroughly and poured intp tﬂe gelfappa:atus ; -
| 'ﬂlatwaspretrmted with 30% H,0, for 30 minutes and then thoroughlynnsed with S
o .DEPc-txeawd ‘water and ﬁna]ly w1th 1x M@:)Ps Theslot fonner was inserted and' .
'iRNA samples contammg 20 »e and 10 4g (1 1 mm; of tofal RNA were o
* prepared for loading. To 12 ul of difuted.or undiluted sample was added 5 pl 0%

MOPS, 8 il 7% formaldehyde dad 35 il formamide (deionised: as for the
farmaldehyde) After heating theRNA samplestoﬁﬂ"Cfor.a mmuves and then_ '

_mmdyeoolmonwempreventrenammanoftheRNA Splofstenleloadmg |
: buferwasaddedweachsampleandloadedontothegel 'Ihegelwasrunw:thlx "

MOPS buffer, 'Ihelevelofthemnnmgbuﬂ’erwasmstbelow matofrhcmpofme' ‘

" gel. About 20 41 of X MOPS was added to each well before loading the samples o
‘ _tofamhta&eanevmdlsmbuuonofﬂlcsamplesmeachwall 'I‘heRNAwasf
 electropharesed at 80 'V for 4 hours till the dye-front was near the far edge of the'-' |
'gel The runmng buﬁ‘e.t was replaced ’Wlth fresh buifer every hour to avmd

B



T depletton cfelectrolytcs In Som, cases, EtBr was aﬂded to fhc nmu buﬂ‘er :md L

e ﬂ:;e gel before 1t set to enable \usuallsatwn of the RNA . -_:: S y T

- z 10.5 STAmING 01«* FORMALDEHYDE GELS FOR RNA

o If ethldmm bromlde was not mcluded m thc runnmg buﬂ’er and gel solutlons, ﬂ1e, i . o
_- gels were stmned W1th EtBr to: wsualxse the- eleclrophoresed RNA Aﬁﬂl ) - :
__electrophoresm was complebe the gels. were. washcd . 4-5 changes of Watcr for e

| s hours The: gels werc then washed o 2 chﬂnge$ 1f 0.1 M ammomum acetane for_ SRR

g mmutweach Each gel was placed ina 0 005 mg/ml solutmn DfEtBrmade llp_ o

: -"mO 1M ammomum ac::tane Bach gelwas stamed for 1 haur,, Thegcls viere then C

" destamed with 0.1 M ammonfum acetate for 45, mmutes and the stained RNA e

v

o vnsuahsedbyUVtransﬂummatlon R A s P

o ZIOGNGRTHERNBL@WG

' Northg;n blottmg was employct:l to transfcr fthe RNA fmm the formaldchyde—--"- _. R
3 agarose geltoa nylcn ﬁlter Afu,.r soakmg the gel for 5 mmutcs in sevcral changes i :_ - '_ .
of DEPC-treated water to wash away the formamehyde and formanude the gelwas'

. placed in 10X RNase-frce SSC for 1 hour with gentle shaking, The Northern .

apparatus was set up as for the Southern blottmg procedure Q. 10 3). The RNA was - ._ L
blotted onto the nylon filter overmght usmg IOX RNase—free SSC as transter buher S o

 The nylon filter was then removed and air-dried for an hour and then baked at

~ 80°C for 3 hours. Altcmatwcly, the wet nylon filter was fixed by means of 2 UV -

cross—hnkcr S . "_- —

2.10.6.1 RNA Al Blotting_ |

An altematwe, much more rapld procedure for Northermblotuug o’f RNA was a]so e

employed In this procadurc the blottIng appa:atus is the same as for the above - .
method, However, the transfer ‘buffer used is 0. 05 M NaOH. The transfer fime ds.
~ then cut down, from 24 hours to 2 - -3 .h_ogrs_,_ and the blot sensitivity is much - o



e\-'- o

N ,a).

_'-.,'--:_‘_Iugher 'I'here is aIso no need o ﬁx the RNA affer a]kah blottmg The nylon'_'- i
" membrancwas simply removed from theblottmg apparatus and rmsed bneﬂymzx' A

o SSPE buffer. 1t was then. ready for hybndlsauon

2107ME'IHYLENEBLUESTAINING OFTH:E NORTHERN BLO'IS R

BN

. 'I'wo 1dent1c:al Northem blots under 1dent1cal eondmons were prepared One blot o

' was hybridised to TNAP cDNA probe and the other was stained to  determine o o

| -quahty of the RNA and to locate the mternal markers (rRNA)

g fi-_For methylene ]Jlue stammg, the dried and ﬁxed nylon ﬁlter was soaked in 5% I
| aeettc acld for 15 m:umtes at roonr temperature 'Ihe ﬁlter was then transferred to. _
' .."the stammg solutlon and 1eft wrth occasronal shalcmg for 5 mmutes at room:f:.: o
""”'temperamre The stamed ﬁiter was. nnsed in water several times and arr-dned on - I
e 3mr Whatman paper | | - | |

"3-1‘_-'-13;_ f]-:.-["f.@'BR_f]-r_1.3’1.31“-310'P.‘-::'m-"-1-’.11‘-0:.]3_EI':J L

] Lo

o _"‘he baked membranes were thoroughiy prewetted in 2X SSC {boutherns) or 6X ] o

- SsC (Northems) “The blots ‘weze then transferred to plastrc heat~sea1ab1e bags e

Prehybndrsauon squtlon contauung denatured someat..d herrmg sperm DNA was
added to the bags and the ﬁlt_ers prehybridised at 42°C for 3 _to 4 hours. Labelled

 probe was then prepared as described in section 2.3.2. In the case of Southern -
blots, denatured, 1abelled probe was added directly to the prehybndlsatxon solutlon. o
For Northem blots, the. prehybndxsatron solutron was draiaed out of the bag and o
- replaced with- fresh ‘hybridisation solution contammg the labelled probe For both - . |
Southerns and Northerns; probe was. added such thas there was always at Ieast 2X j_.
© 10° CPM/ml hybndlsatron solution. Hybndrsatron was carrred out at 42°C, gently B
shaking: ovemrght Both Nortliern and Southem h].OLS Were prepared o be probedf- R
with Xenopus specrﬁe probe. Southern blots were probed with a: ﬂouse mtestmal L

- AP (mIAP) eDNA to also elumdate the TSAP Iocus m Xe:zopur



- -_"'_-The Washed blots werc placed het___'.eeﬁn two sheets of saran. wrap In 2 darkrcom,

| eﬂimency ofthe stnppmg Sy T

2X SSC ﬁ 1% SBS for 10 rmnutes
2X SSC 0.1% SI)S for 10 mmutes
U ZX' SSC U,l% SDS far 30 mmates

ox therewas ahlsb baclgrou __ nd sagnal : tgaen e ﬂnalwash ash was repeated at 45°C.

R 2X SQPE, 0 1% SBS for f_mmutes at room temperatme
' _2X SSPE, 0.1%.SDS for 5 miinutes at room temperature
. 0.1% SSPE, 0.1% SDS for 30 minutes at 45°C
SRR -'-'i-_-';}o 1% SSPE, 0. 1% SDS for 313 mnutes at 45°C

- fha bIots were planed into an X-ray ﬁI? cassette and covered mth a stmet of X—ray
_f_f'_ﬁlm Exposure was camed oot ovenhght at - 0"(}. The film, was develoPed na
'-'-3"-_"’developmg machui.. ' SRR : : s

_ | 2.1081 Strlppmg ofSouthem Bhts . : . - r -

| _ Sou-,hem blots were. stnpped to be rehybrldnsed w1th altematwe probes. Stnppmg = _
- was carned out by placing the hlots in a solul:ion of 0.1X SSC 0.1% SDS.and
incubated at 56 Cfor3 hours ’I’he blots were then exposed ove;nught (ur for the . |
- same length of tnne that they were exposed wuh hybnd1sed probe) to assess the'

! -1-.-.-..;;
Lo



~ cleavage of the PCR ptoduct could not be used to create any’ approptiz o
_ends to. faclhtate hgatlon mto an eqmvalently cut vector As expla:ned in the R
discussion, the vector used to clore the blunt—::nded fmgments needed to be treated IR

The insert that was isolated froin the Xenopks cDNA library using TNAP probes
was amphﬂed by the PGR . 6) The ‘fragment obtamed whwh Iepresenta part of -

the - Xenopus TNAP - gene, was then sequenced To. sequence, the | amPllﬁed‘
fragments were cloned mto a Bluescnpt phagemid (Stratagene). The ﬁ'agments O
-praduoed by the PCR were clearly blunt-ended tragments and the. ohgonucleoude_.)___ IR

primers used in the PCR did not mc:lude any restriction endonuclease sﬂaes i.

O asdascﬂ:&dmsecﬂoni!llll Theﬂagmentswereﬂlenclonedandgequenqed
21 mmcm Ci.éONING__- RS

2.11_-..'_1_.1 T-vectorcnmﬁon - e

The vector used was the lihafgenﬁd pBluescript I KS*. The vector was cleaved. in o

| theEoo sxgam thepolyhnker The cleaved vector was thenmcubated with 'Ihq' o
polymerase a umtfpg phagem1dl20 xt vohime), reaction buffer, and 2 mM dTTp -

* for 2 houts at 70°C. A single thymidine was thus added to the 37 ends of .each
fragment. After phenol extraction and precipitation, the - vactor” was. ready for

. ciomng the PCR. product The. method used here is fmm Marchuk er al (1991) e

25_11.1.2_ PCR m-agment Ligation

The PCR fragment was prepared as described in section 2.6, An excess of insert

(7 1l of 0.5 pg/pl prep) was incubated with 1 el {1 yg}'of'r-w?ecmr in the presence
of T4 DNA ligase (1 unit/ug T-vector/10 ul volume) in T4 DNA hgass buﬁ‘er o
diluted to 1X concentration. Ligation was- carried- out at’ 16°C in a 24 hour

* incubation, Appropriate controls were also set up. In one tube no msertwas added o
' (tests eﬁclency of ligation). In another tube, msert and hgase were. excluded to see__ o




B if the vector was cleaved completely and 1f there was any remdual uncut Vechor, n . : :
e last control, vector was excluded te venfy that the msert alone was not o
L __oontammated w1th any Vector DNA, © e T .

| z.;1'1_.1'_._3 'tra;;sformaﬁ._,@f;cmpetm c el]s B

'I‘he recombmam phagemxds prepared above wete transformeu intoa bactenal hast'_ o

" for amphﬁcatlon, ngh eﬁclency competent Epzcunan coh stram XL 1-Blve’ was o

- __obmmed from Sh’atageneasfrozen cells (appendax B) For eaeh tranafoﬂnauon 150 o

- ',ul of competent cells was thawed on ice and added’ to each hgatton tube‘ Thls was E a
‘mixed by a brief and genﬂe shake ancl then kept oni-ice for 1 hour. At this time,

agar plates were prepared for platmg of transformed cells. For ea.ch expeﬁment 40 o

B _.pl of a 2% sclutlon of X—gai and 4 ul of alM solution: of iPTG were spread on _'i g c
.': an agar plate mptammg 100 pg/ml ampmﬂ]jn After an hour on ice, the cells with : S
 the ligates were’ heat-shocked (42 °C, 1 minite), placed on ice for'1 mmute and then - -

" plated dirsotly on the prepaxed agar ‘plates. These were mcubated cvenught at. R

mﬁ‘erentlated from those w1th IECDmbmant phagemd by tth‘ colour ’Ifhe plates o

- were mcubated at 4°C for an hour to pronounce the colour of the colomes

..'_2.11.2 ‘éMALLSQALE.rLA-st'PREPARA'HoN RN R

A small—scale 1sclatlon of recombmant phagemld was carned out to determme
whether the cloned phagemid indeed carried the: insert that was amplified by the .

37°C, Colomes of cells. transformed with non-recombmant hagenud Were R .

PCR. The procedure used was sunple and rapld and was. carried out as descnbed." o |
by He et al (1990) Single white colorues were picked from the plates prepa:red as
above and each used to inoculate 2 ml of LB broth containing 100 ug/ml ampicillin
(to maintain the phagenud) and the cultures grown ovarmght at 3‘7°C Umnoculategd - _. |
controls were used to ensure no contamination with other bactena, ‘which would - -

_ ,-"cmphcate the plasmid isolation procedure. 1, 5. ml of each cuiture (the 0 5 ml

 remaining to be used in large scale ‘preparations) was transferred to eppendorf tubes
and the cells harvested by cenmfugatlon at 10 000 G for 0 5 mmutes The ce]]s _




[ I

were resuspended m 100 ub 1ys1s solutmn conta:mng L1C1 and Tnm X—lﬁ,ﬁ An _3 o
equal volume of 2 phenolfclﬂomform mixture (1 1 (wlv)) was added, followed by i S

. \_-'-vzgort)us vortemng for 15 seconds. 'I'he nuxture was' oentnfuged for 1 mmutc at 15 - '

- 000 G at. 22°C The upper phase of nucleic a.(:lds was collected rmxed wzth 2- o _
"~ yolumes. of ahsoiute ethanol and ‘the . prempltated nuclelc acids’ harvested hy N
' oantnfugatmn at 15 000 G for 10 miuut&e at 4°C. The pellet was washed in { mi : B
-of absolute ethanol vacuum~ﬂnﬂd for 5 mmutes, and the DNA mssolved m 50 pl" e
TE containing 20 g/ml RNase, 17 ul of each dissolved sample was mcubated for
' '1 hour w1th EcoR I (10 umts in 20 pl volume) to cleave out the PCR msert 5 ‘ul}' e
| of 5X loadmg buﬁer was. then added and then loaded onto a 1% gel for"' R

eIectrophores;s '

o z.ii@._LARGEF%SCALE PLASMID PREPARATION -

. Th° cultures that gav= the hlghESt i’lﬂd of amphﬂed ﬁ:agrnent m the small—scale o 5 _ _' S
plasnud isolatxon, were: grOWn into large-scale cultures The 0.5 ml cultunes Ieft' o

E | over from the sma]l—scale preps (see aborve) were used to mocuiatc 250 ml LB broth- R

_contalmng 100 ,ug/ml amp;lcﬂhn These cuitures were g;own ovenught The o
pl‘ocedure followed for the large-scale plas:md prep was modlﬁed from Sambrook.._';_'- o

et al (1989)

Bach 250 ml cultue was poured into a Sepcor bottle.and the cells harvested by

- centrifugation for 8 minutes at 6 000 G (GSA rotor, IR Pont Sorvall RC-SO) Each; _
pellet of cells was reSuspcnded in 8 ml of solution T, and 1 mlofa freshly prepared
50 mg/ml solution’ of lysozyme added Each’ suspenston was mcubated at room-_ :

 temperature for § minutes. 18 ml of freshly prepared solution I was then added. =
After rmxmg by gently inverting each: tube several times, they were: -Ilcubated on

ice for 10 minutes. 13.5 ml of cold soluuon I was added and %he mxxwres_ -
“incubated on ice for a further 10 minutes ‘Bach smnple was transfcrred to clean

Nﬂlgene plast:c centnfuge tubes and oenmfuged at 4°C for 10 minutes at 20 000'. o

. Gs4 rotpr). The SuPer_nat_ants, containing nucleic acids, were. each,gransfm-ed |
to niew tubes. The nucleic acid was precipitated with 0.6 volume of isofropanot and




. 'hax\rested by cemnfugatmn at. 10 000 G for 5 nunutes Each peIlet was air dned._
andreSuspcndedmsmTE ' o -

| The phagenud was then xsolawd by 1s0pycn1c centnfuganon ina CsCl-eﬂudmm_ 0
bromide gradlent Each 3 ml solution was transferred {0 clean 15 ml polypmpylene o

' tubss. 3:15 g CsCl was added to each sample, 400 lofalld mgfrnl stock solutlon L

“of EfBr was also added. Aﬂer balancmg the tubes w1th TE the samples we.rs_ S

- :cenmﬁlged at 15 000 G for 5 nmmtes. The supematants were then transferred 0.

o polyallomcr, be11~top, qulck—seal cemnfuge tubes (Beclunann) by means of pasteur.'_.

'. 'plpettes. The ﬂlled tubes were balanced and sealed with a heat sealer. _The tubes - '.

. were placed in & ﬁxed-«angled rotor ‘and ultracenufuged at 100 000 G ¢ 15*0_-_{

' overmght

_;Phagexmd hands were extracted usmg a needle and syrmg&: The tOp of each. mbe '_ [
- waS ﬁrst punctured A needle was mSerted 4. mm below the: phagennd band and th e i

'_ba.nd was carefully sucked out 1 volume: of butanol was- added vortexed and the: - _
| sample Ceﬂtﬂfuged The phase bearing the butanol and EtBr mix was removed and
- the procedure repeated till all BtBr was éxtracted from the phagenid, Since this
butaniol extraction also remGVed water from the phagenud layer, dxstllled water was :

added to the ongmal Tevel to prevent the CsCl from prempltaﬁng out of solut10n -

The phagemid was precipitated with 3 volumes 70% ethanol and harvested. by a

brief spin, After a wash with 70% ethanol, the phagenud was m&ssolved in 100 -
200 g1 of TE. ' S
2.11.4 SEQUENCING OF CLONED INSERT

DNA sequences were determined by the Sanger dideoxy chain-termination method

(Sanger et al, 1977), All seiuencing reacuons were perfo:rm ed in 1.5 vl plastm :

| ‘centrifuge tubes and these were. kep; capped to muunuze evaporaﬁon of the small
voluml..s All solutions were thoroughly mixed afier -each addmon, typlcally by

*pumping* the solution 2 or 3 times with the micropipette,. avmdmg the generatmn B

.of bubbles. Brief spins were employed to prevent soluho\n clinging to the walls of




2f11'4‘1',.5¢tfﬁp _of'fGel Apr_iaﬁa_tus- -

. -The plates used to make the sequencmg gels Were thoroughiy cleaned by w;pmg

the tubes Aﬂmatenals used werefmm United States Bmchenucal unless otherwme__.. -. -:_
E mentzened ' o S T T

with efhanol and rmsing with- de:omsed dxshlled water Plates were dried withlint-

" free tissues. Ore plate was mheomsed by mpmg w1th a 2% solutwn of

. 'dlmethyldxchlommlane @in 1,1,1-trichioroethane). The plates were sealed l;oget]wr S o
with 0.4 min spacers using maskmg tapr» and- fold-back spnng clamps The gel" PR

- soluticn was prepared by addmg 700 ul (1 0% (w/¥)) ammonium persulphate and '

35 ﬂl TEMED (MﬂN’N’-tetmmemylethylenedlamme) to 70 ml of the acrylanudej R

- solution, After thorough mixing, the gel solution was poured into the. plates. The "

B ﬂat end ofa comb of sharp, ‘_V-shaped teeth was placed along the top of the gel o '_
_ _':_The gel was a]lawed to set in 20 minutes, Once set, the comb was tumed around .

' and inserted teeth-first into the top of the gel to form. well-deﬁned and umfom PR
wells in: the gel. Tne plates ccmtammg the set gel were’ clarnped onto the" ST
electrophoresis apparatus, the chambers of the apparatus ﬁlled Wlth runnmg buﬂ"er"_. )

(1X TEE), and the gel pre-clectrophoresed at 60 Watts (W) for 15 minutes, = -
2.11.42 Aunealing Template and Primer
- For each set of four termination reactions, a single annealing (and subgequent "

labelling) reaction was set up. The annealing reaction was carried- out in afinal
volums of 10 ul, 1 4l of primer (0.5 pmol) was mixed with 2 ul of (5X) annealing

buffer and 7 pl (335 pg, slight excess) of denatured phagemid DNA; The double- - -

stranded phagemid DNA was denatured by boiling for 5 minutes and transferring |
immediately to ice. After mlxmg thoroughly, the primer was annealed to the _
phagemid by meubatmg at room temperature for 5 minutes. The pnmers used were
the universal KS, SK, T3,-and T7 17-mer pnmers (Stratagene) Also used were the
5" and 3* amplimers that bind to the Lambda sequences ﬂankmg the insert. Fi.nally,
after prehnunary sequencmg, 18 ~mer ohgonucleoudes were custem-synthesnsed on -



_ '-an Apphed mosysmms DNA, Synthemzer These were demgned to bmd to mtemal =
- sites of the. msert 1o fac]htate sequencmg of the whole msert The one pnmer,'-j'. ’ R

' _.:calledKSIhadthesequence A
o 5=> ACCCAGGAACATGATGAC <3’ T

L '_ _The seoond pnmer, used to sequence the sacond strand was ca[led SKI and had- o S

e thesequmce S SR AR
L 5’> AGGCCCAGGAGACGCTGA <3’ s

B 2;1{17."4.3- .;n,em,'ém,j,rg Remmm :__ "

:_Sequenase vermon 2 0, and [a-”S]dATP as tracer ﬂBlggm et af 1983) were used- o

| '._--_for SBqUencing Twotypesofree.chonSWereset up Long reactmns weresettoread_’f' e

o up to- 5( lses from the pnmer Short reactmns were set to aocurataly read the | '
- 'seqmnce w1thm 30 bases of the pnmer, 'I‘o the annealed templam-pnmer tbe.. SR

o '5._followmgwereadded SRR AN ,:/ e e e

For short reactmns, o c S
Dlthmthxeltol(DTT) (OlM) SRS ¥
1:5 dil. of Labelling NucleohdeMlx j Y E
[O!*‘SSS]dATP (10 }tCl/,ul) L 05;1,1 . ..
Sequenase @ 8 dxluhon, 3 units/2 m) 2

For long réﬁcﬁoﬁs e
© Dithiothreitol (OTT) @.1 M) 1w
131 dil, of Labelliflg Nucleotide Mix ~ + 240
| [a¥SHATP (10 pC¥ply BT TR
 Sequenase (1 8 dilution, 3 umtslz ,d) So2m

Note t'ha't. the abéVe"refer to‘ the 'volﬁiﬁes add'ed td 'each pnmer~annealed ’réactibn: o
Usually, a pre»-mm "cocktail" was frestily prepared. with undituted components and'_ _

the appropnate amount of demmsed distilled water added to effect. the correct' _
dilutions. Sequenase was al_ways added last, __’_l‘he-nght amount (5.5 ut) of "c(_mk_ta_l_l _ :f '




= f_ was then added to each annealed pnmer—template Fer shorl: reactzons, the lab elhng | .. '_ o
. __.reaetxon was mcubated at recm temperature for 3 - 4 Imnutes Fm. Iong xeacnons,_ | . ,_

e Iabellmg xeactwn wa.s incubated at recm temperature for 5 mmuteg

o _Tenmnatlcn reacnc*" were carried. out i microntre plaxes (comg) Wlth wells o
R .- lahe]led alphabehcally in rows, and numencally in eolumns. One row was used fer L

-.each pnmer-template reactlon; Celumnsweredesxgnated a ternnnatlon reactmn, R
the order A, C, G, T. In :he wells of colurnn A, 2.5 il of ddA'I‘P was added; m o T
: column C 2 5 ;cl of ddCTP; m celumn G, 2.5 pl of ddGTP in column T, 2. 5 .ul

- .._-_-of ddTI'P The tray was thcn wannecl to 37oc fer 1 mmute. When the labenmg___ R

reaction was complete, 3 5 ul of each labe]led sa.mple was added te the wells. of the o

.. _.;_appropnate ToW 1. the nncmtltre plate Aﬂel' mmng, the plate was. mcubated at.ﬁ.__:i_: R

L A7°C for 5 mmutes. .4 u of st0p solution was. then added to each’ well mixed B

. thoroughly and stored, eovered on ice nll ready to lead onto the sequencmg gel
| 2_.11,;4.5 -_'Denatuﬁng-cel Elect_r_o’pho:'esi's'

'Before leadmg, the nncrctltre plate w1tl1 all the Samples was plaeed in a tray of hot'._ _ 'f{ '
. water (85 °C) for 2 mmutes to denature the DNA fragments After ﬂushmg each '.

~ wellin the gel W1th the. runnmg bulfer Wlth a nucroplpette to remOVe unpolymensed .

acrylannde and urea, 2, 5 Bl of each sample were loaded into adjacent wells in'the o .

same order a8 in the microtitre plate, Gels were electrophoresed ata constant power R o

. of 60 W Gels with the short reacuons were electrophoresed for 2-3 heurs To. " |

- read the maximum possﬁ)le sequence from long gels, a batch of all reactlons was'

Tun for 2 hours, and then a second batch loaded arld electmphoresed a further 5 _
6 hcurs :

After electrophore is, one glass plate was hfted oﬂ’ the. gel by means of a spamla |

The gel, remammg on the unsiliconised glass plate, ‘was placed in ﬁxmg solutlon - o
' for 15 minutes, After lixmg, the glass plate Wlth gel was. placed ontc a sheet of___ -



"usmg IBI’S Mac\fecto; Sequence analyms computer programme,

..“__”.a .

’1

-5) ovemght at room temperature bafore davelopmg. .

s ’I"he sequenoes were read directly fmm the deve10ped autoraa ;ﬂaphs 011 4 hght e
" box. The sequences fot both strands were dolermined independently and in several
.' . .' :repeated sequenmng procedures, ﬂl 31'8'1)}’ cenﬁrmmg the mmoy Of the Sequencc
~ - with no ambiguities. The projedure was repeated twice from the PCR stage, to
. climinate e errors mtroduoed during PCR. 'I‘hr;s sequence so assembled was analysed R

o Whatman SMM ﬁlter paper with gel facmg 1. A similar piece  of faper was plaaad L
S evcnly over the geI and pesled off the glass plate. The gel was covered with 2 sheet AU
o of saran wrap and ﬂned ina vacuum-dncr at 80°C forl hcmr 'I'he dhed geI on m e ;
d- m an X-ray cassette and exposed to X-ra.y ﬂlm (Kodak s e




ST x10° PFUfml

The smber of plaques was countable on the 1/104 and 1/105 dﬂuuon plates‘ me;,f-____f_fff_'_'_:

E -values obtamed are shown in Table 3 1. The number obtamed fox each tnphcate‘f‘:' . B e
T 'was averaged The titre for the )\gti(} Xenopm cDNA hbrazy was foundzto be 1.24._!' L

Y SRR~

| --_TABLE.-_aii__bE- ERM

DnmmN ’"ILAQUES

NUMBER OF

| Pragues |

'NUMBER OF

PLAQUES

_.\_104____.._
Cop1t
B L

. TMTC" E |
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3zlsUITAerrY0FTHE CHICKEN AN ND MOUSE TNAP PROBES L

 After the mouse and chicken TNAP'.-cDNA*s'IWE_r.e_. exc1sedfrompBluescnptKS*, o

" ™IMTC: Too meny o count .




| L : the probes wcre Separated frcrn rl.e wctor by gel electmphoresm (ﬁgure 3 1 A B) (
_ --=Ti1e probe bands wh e out out and the cDNA eluted Appmmmately 100 ng of each - R
= probe was obtamed dlssolved in 100 pJ TE buﬁ‘er Although the prohe bands were o - :
| close to the vector, the probes oould be recovered mth no cuntauunatton w1th . 3 |

Figure 3.1 Tsolation of the chicken and mouse TNAP cDNA probes from the vector pBlaescript ©
I KS*, (A) The chicken TNAP and (B) The mouss TNAF ¢DNA excised from Blueseript with EcoRT. - -~ -
Molecular weight marker (AII) band sizes are indicated in kb pairs in the. center. All 6 lanes on either
-+ side of the marker contain ejuivalent samples of EcoRI digested vector, Axrowheads indicats the probe _
bands, (Cj Small aliquots of the probe preps were electmphoresed to assess thelr quahty. The chicken =
.samgle (cTNAP) was dﬂuted 13'50 R _ _ .

Thc probes were generally cﬂicxently Iabelled Comparmg the radmactmty p;‘ese,nt. '. .' C
_ before and after removal of umncmporatecl nucleotides showed that there was: -
always 75% - 90% moorpomngn of radicactive nucleotzdes A oount exceedmg 2_ AR

X 10° CPM per 1 ml thybndlsauon solutlon was always acheved aand was found_- o
m Bwe good mgnajs durmg screemng and hybndxsauon, L : _

1 cTNAP (1 gkb)_---_-
‘2 mTNAP (2 4kh) R



© After the firgt s screamng thh mouse anil cmekan J.NAP probes, a very low number S
O of plaques w;th a positive s1gna1 Wa.s obtained- (ﬁgure 3 2) Only one posmve.;_'-'_"__ o
plaquc was: common to Both the moise- and chlckcn probed filters (found by'.- >

) ahgnmg marks made on the dupltcate ﬁlters When blottmg the plaques)

_ Flgure 3.2 Autoradmgraphs of ﬁlters from a pr:mar,y sr.x:eemng ot !he hhrary Filters were probed '
with fabelled chicken (C) or mouse (M) TNAP, Positive plaques are clearly seen as dark spots and are -
tinged. The arrows indicate the 2 spots that represent the identical plague on duplicate filters that *

hybridised both the mouse and chicken probes, Other spots on the filter probed with mouse TNAP are_.' -

artefacts (are parfeotly ronnd” oompared to' the “true posmvas whmh possess a light "tail"}.



The plaques on. the 1/100 dﬂunon p]ates were generally mueh too conﬂul;,nt for _' o

'screcmng (due to mtelphage reoombmahon events) arld thus only 1/10(}%0 and..- '_
3/1000 plates- were blotted for screemng Autoradtographs of the seoondary-_'

screening filters typmally had many posmves (ﬁgure 3.3)

'Not alt putatwe pomt:we plaques that were selected in the pnmary round of hbrary o

 screeniing turned out positive-in the following round mdmatmg that false pomtlves_-" o

| .j-were also selected “The plates that bore posmve plaques in the second round were o

-~ still too conﬂuem to 3110“' the pICkmg of the plaques wuh no contammatlon w;th :
o surroundmg phage, and thus a thu'd round of | screemng was oﬂen necessary In the .
| thn:d round of screemng, only the cmckaen TNAP probe was used for"screenmg D

mnoe at thxs stage aﬂ poérnves hybndlsed both the mcmse anr.l ch*;""' ,fohes | |
._ However it was found- that the chicken probe gave a stronger S‘g"ﬂl elther toit

being’ more eﬂiclenﬂy labelled or due to stronger hybndmatmn due to a higher' _
* homology with the chicken 'I‘NAP probe After the teruary screenmg, positive S

_ plaques were cleazly 1dent1ﬁed and eould be 1solated as smgle, non-oonﬂuent:__ B
plaques with no- contamination W1th other plaques Only 1 smgle posmve plaque' -

. was obtamed in the ﬁrst round of screemng of the hbrary
33 AMPLIFICATION OF 'PosmvE INSERTS o

331 AmLtFIcmoN BY PHAGE;LYSATE PREPARATION'

Considerable difficulty was encountered m the amphﬁcatlon and extractlon of phage :

- DNA. During the DNA extractior, step. (sectlon 2.5) precipitation of phage parncles'-' o

_from the phage Iysate failed to occur - even: after ar overmght incubation of the .

_ lysate supematant with the NaCI/PEG solutlon at 4°C The method Was modﬂledf;; B

in seve.ral ways, such as excluding glucose from the. culture medmm (glucose

. SHPPI'GSSES lamB Wh_ICh codes for the receptor to which A binds (Sambrook etal,

1980)), but extraction of phage DNA could _not- -be agheived. Thus, insufficient

RO i
LA



Figure 3.3 Autoradiographs of secondary screening filters. (A) Filters of plates containing a 3/1000
dilution of thr positive clone that hybridiced 10 both the mTNAP and cTNAP probes; shown in fig, 3.4
(B) Filters of plates of 1/1000 dilution of the same plaque as in A, (C) Filters from plates prepared by
.isolating a positive plaque (ringed in A) and rediluting as indicated to obtuin single po_siti\re clomes.

: -_.phage DNA was obtamed for sequencmg the posmve mserts Th:s appears to be . |
due to an uusuccessﬁ.ll method vsed to 1soIate phage DNA rather than lack of phage. _
| growth smce bactcnal lysis was clearly observed Furthermore, the supernatants of -

| the Iysates was titred (using the same proccdure for Izbrary utenng) The phage titte

_was always found to be around 10° PFU’s/ml which i is h1gh and shuuld yleld
sufficient DNA for sequencing purposes (sambrook et al, 1989), |



o 33.2 PCRAMPLIFICA’I’.[ONOF POSITNEINSER’I‘S Gy, LR

-' The msert in posmve cIo.nes was amphﬁed by the PCR usmg pnmers that bmd to -

"regmns flanking the msert site, A single produot correspondmg toa fragment of'-"' o 8
"DNA of appmxlmately 700bp was obtamed (ﬁgure 3.4), The lowest dilution ‘of A e

- DNA ymlded a low amounr of pmduct It appears that the phage DNA solutxon':'. L

o 'added to the PCR reaction mzxrure contained some 1nh1b1tor of Taq polymerase, o o
o probably excess magnesmm from the SM buifer used mltla]ly to d1ssolvc the phage’ R

_'"‘@NA, since the mtennedmte dﬂutlon gave the hlghest ymld S

~ Figure 3.4 I’LR nmpliliwtion ot‘ the insert. in g pnsutive clune. The products from the PCR o .

reactions were electmphoreéed ina 1% gel together with maiker NI whese bands are shown in kbp,
Samples were loaded in duplicate, The dilution of the A DNA froin the positive plague iil the PCR

reavtie' mixture is shown below esoh lane, "The stears in lanes 1'and 2 are a8 8 result uf the vortexmg s

duiing the 1solatmn of the pmduct DNA, "
' .

| 34 Txm'SEQﬂENCE bFTHEXENOPUS- TNAPcDNA

The TOObp fragment thus far obtamed was expected to correspond to jpart of the '  o

Xenopus TNAP gene, It wﬂl henceforth be referred to as XCJ X mdxcates it is.
from Xenopus; C mAmzs it was obtained with the chicken TNAP prob_e_(although



R g'm buund the-mouse TNAP probe in the primary and secondary sqreenmgs of . -
o the hbmrj\r)i I mdmgtes it is the ﬁrst fwrgaent thus obtamed

| 341mCL0NmG0FXCI |

B _. Many whxte colomes were: obtamed aﬂser platmg the bactena transformed wixh the AT

| pBlueScript phagcmld hgated to .X'CI This also. showed t.hat thc degree of hganon e

of insert to @ébtor was cfficient, i.e. the ratio of 3.5:1 of insettivector was found

-Whltc satelhte colomes. 12 latge, white colomes were careﬁ}]jy pi_- -
o small-scale Phagemld prep. The phagenmi from all 12 colonies contamedthe same -

.- to he mcst smtable for ths present plg.‘pi)SeS. Bactcnp transformm W1th control--_\_' L
- ligates further conﬁrmed the eﬁiclency of hgatmn Thf.re wete also small S
Morthe

- 7006p fragment (figure 3.5). The colonies that gave the highest yield of xcz':;"-{ o -
 ; _ _(mlomes 1 and 6 in ﬁgure 3, 5) Were grown for Inrge—s ple plasmld preps Each' S
prep ylejdcd appmmmately L 6 2 4 mg of pIasnud DNA ‘

23,14 WM 1 2 3 4 B 6. M 78 9 10111213 |

Flgure 3. 5 EcoRL digests nq small-scale phagemid isrepnrahons XCI (arrowhead) WaS recovcred
unfragmented in all preparations. Samples in lanes 1 and G gave the highest yield of XCI, Ir fane 13 -

 where otily PCR anplified XCI was loaded, the samplé wos overdituted and thus only & very lightband © . .
cambe sean, Al marker bands are shown in kbp, There is somé coritamination with cliroripsomal DNA.
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Figure 3.6 Autoradmgraphs ol’ sectuons of soime of tl:a sequencmg -gels-used to sequence XGI. -
' A=ddATP, C=ddCTP, G=ddGTP, T=ddTTP, The same order of terminating dideoxynucleotides was -
used throughout. When usitg this order, the saquence redid when iurning the gel over gives the:
complementary sequence which can be used to confirm tha saquence when raadmg the oppomte steand,.

Paft of the XCI saquence so obtsined is shmvn

By using various primers during sequencing, various lengths of the XCY fragment
were sequenced including the regions flanking the insert; F1gure 3.6 shows some
parts of the autoradmgraphs obtained of the sequencmg gels 'I'he. complete o
sequence. was put together by finding overlaps in the vamous sequen..es 50 obtamed
After the preliminary sequencing procedure, the oentral region contamed many
ambigumes, ie the sequence could not be clearly determmed from the sequencmg ’

[T



s _7'-91 .

| gels ’I‘lns Problem was overoome by usmg the 18 mIcIeoude ollgomers that were.

.' .. ‘des@md to bmd Mthm the Xemp us fragment These I’mﬂﬁl‘S apparently hnund e -'_ .
- eﬂiclently smoe the)’ produced ciear‘ unamlugudus results on the Seqaenc,mg wels

The XCI insert was amphﬁed 4 times in d;ﬁ%rent PCR reactions and then

- ‘sequenced mdcpendentty. The sequerices obtained differed in only 2 posmons, o

1ilusuanng the very low ﬁ‘equency of error introduced by the PCR In this way, - '_ : B s
o these errors could be detected and eliminated, The XC1 sequerice was read inboth- B
e duestaons, le, both strands ‘were sequenced and wuth the aid- of a computer, all | .

- possible open readmg frames (ORFs) were translated into the x:es.pecuve aminoacid .

_ _sequence. The sequences so obtamud Were compared to those of other TNAP
o sequences, iz, the ‘mouse, rat; bovine and hyman TNAP, sequences Tn this way, S
U the forward onentatlon of XC'I and the posmon of the starnng memlonme res1due -

-y were: detemur-ed. Flgure 3\,7 shows thP oomplete nuc.l tide ,sequence of the T700bp | | |
-:msert and the deduced amino ac1d sequenc-e of. the. translated r::glon, sﬁgme*.--. s
o resu:ictwn endurmcleaSe sﬂes, mcIudmg the Ec'oRI sues ma.rkmg the sues of - R
| '."Imsertmn of XC} m )\gtlo were dlso determ]ned by means of compnter analysis, AR
- The sequence nmludes the BamHI, Mbel, SmaI ancl PstI sites of the )\gtm'

o polyhnker that was mcluded m the pnme" used for PCR. a.mphﬂcat,lon (nuclenndes |
1 - 20). The sec;umrlcua from nucleoude 21 to 250 appears to be part of the L
_‘.unt:anslated region. of the 'I‘NAP mRNA ‘Thisis foliowed by an ORF, .startmg wxm\-_

_ATG at pasmon 25 1. Nu»leoudes 251 m 305 code for the N—termmal mgnalu‘:'

pepude. The rest-of the sequeiice, up to the EcoRI site at posmon 714 codes for |

- 107 ammo acid (aa) remclues of the N termmus of the ma.ture form of the Xenapus"' .

Figure 3 '7 The nucleohde nnd deduced amino acld sequences nf XC.I Both nuclenhdes and _

predicted amino aofds are numbered on the left. Amino acide -17 to «1 compriss a putative signal peptide . '

whilch is underlined, Also underlined are the two sites to which the 18-oligomers were designed t6 bind.
for sequencing, The phosphate—hiadmg serine active sité Is boxed. The potential Nfinked glycosylation
signal (Asn-XaaThe/Ser) is underlined by & double lins, Restriction sites are mdwated by the vertical -
-'dashes at the mucleotide 1mmedia1ely 5%ta tha site of cleavage. .
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CTTTGAGTTGATCTGAGATCAGAGCCGAGTGCCAGGTT‘I‘GTGC‘CGAAGTGGAGAGMCG -

A\’raII

'A'IG- GTG A!&A CTA TGG GTG TTG CTG GTG C‘.‘I‘G felete! AGG GTG TCB GAG' o

" BTGEATGO00006E

Case

341 .
EVES

Y-
- 29

lue‘t ‘Jal Ljs Leu ‘rrp Leu Leu Leu Leu Leu. GJ.y ‘Ihr r.eu Ser Glu:

" TCG G‘I‘C AGA T cna GAA CAA GAG AAAAAC. CCA - AAT 'I‘AG TGG AG&' 1 -
Sar Val Thr Pha Pro Glu G.’Ln Glu I.ya Asn Pra Asn Tyr Trp Arg 1

_Pfuxl o
'-f'PstI- :

CGA GAG GGG GAG GAG ACG CTG ATG AAG GCG G’J!G CAG 010 GM AﬁC 1
- A!-g Gln M.a ﬁln G:Lu 'rhr Lau Met Asn A:la Le'u. Gln Lew Gln Asﬁ_ o B

L }_.”:Jiuf_“
_ OTC AAT ACO AAC GTT GCA AAG AAT GTC ATC 4 5. 1TC CTG GAT GAT
© Leu-Asn Thr Asn Vel Ala Lys Asn. Val I.lé._mé"““"""““'“t‘ B Leu Gly Asp

ffcaaeGGCAAGTGGTGATGTGAGAGGGGGAGAaewaseaaccaanaanuccTAACTGAAAI3__" |



' 431

b oasa

. :-_ o _"9_1'1‘-\_ Va_‘l.Pro

9. -Arg ASn Gln Cys Agri

MboII

GAA ere Gc-r 66 CAR GCa GGG GAK GAG. ACG CAG CTT GAA, ATG gag o
v .:Gln Lau Ala, Gl.v Gln l?ro Gl:r Glu Glu Thr Gln I.eu Glu Met ASP 1

ASp Ber Ala

ER

T E‘“’ﬁ: el M‘;’ux
‘i‘PaI. )2 "-;': SRR R E

Mot L:,ra ‘l‘rp Ala arg

ger ATG GGG G—TT ctd Aca GIT ACT 660 B0C AGA AT cn:c m use N T
_ -Gly Het Gly Vel Pro Thr Val Thz* Ala Ale Arg T1e Leu. Lys Gly - b

'-_--Ai&é“_"a:w (CC CAG GIT GOT GTT TOT AAG ACC. TAG AAC.AGG ARG GOT |
- Lys 'Phe Pro His Vel Ala Leu Sﬁr Lys 'rhr Tyr Asn Thr Asn jkla S

_ CAG UTG CCA GAC AGC GCG GG0 ACA ECC AOT GGG TAT TG TGY G6& - [% -
Gly Thr.Ala Thr Ala Tyr Len Cys Gly . |

| --_-'_-_-G?*Maa GO AAC GAG GGG ACC GTG. GGG GTC AAT GCC GCT GOT'G1G ] o
; Val Eys M.a Asn Glu Gly Thr Val Gly val: Asm Kla Ale Ala Val = 4o

" AGU AAT CAG TGT AAD-AGG AGC AAG GGG AAG GAG 6TG BAC TCO ATe |
Xhr Sér Lys Giy Asn Glu’ Val Asp Sar Ila S

ATG AAR TG'G GCC CGG )\ATTGTTTTGCTTTTTACCGTGGAAGAAATAGTCATAAAA

g




843 SHUENCING OF OTRER POV NIRKIS. |

t,_{}'

- The o‘DNA Irbrary was screened several tunes usmg Iabe]led c‘INAP cDNA XCI ot

o rIAPcDNA and rEAP cDNA It was fomd that the rBAP probe bound to exacﬂy'_’ o

- the same plaques to whmh XCJ ‘bound, There were o exeeptlons. Clones that P
| hybndxsed to-the other probes were 1solated 3 posmve olones were molated that'__': B o

.' bound XCI anﬂfor the ch1eker1 probe All 3 contamed a 700bp size mbert and - - . |
- sequencmg conﬁrmed that the same part of tl1e Xenapuf TNAP gene had been o

_' - rewolated in every case No new clones or auy over!appmg fragment of the TNAP N .

. could be obtamed

l It was mterestmg o ﬁnd 2 clones that bound HAP exeluswely These 2 werej- e

_ . lsolated aud thelr mserts aInphﬁed usmg PCR Flgure 3. 8 shows the gel on whmh: C o
L these. PCR proctucts Were eleetrophoresed together w:th PCR produoo. of mserts R

isolated from 2 clones that were positive for the xc1 Probe (Potentlally dlfferent h El -

- parts of the Xenopus TNAP cDNA and thus termed XCZ) B

Figure 3.8 PCR ampllﬁeation of other positive inserts. Agarose gel of PCR-
amplified inseris isolated using labslled rIAP (lanes 1 and 3) #nd XC7 (laties2 = ..~ .. -

. and 4), 'The inserts in lanes 2 and 4 are about 700bp and the insert infane 33 . -

- sbout 900bp, The smears indicate excessive sheating during isolationof the PCR -~

" products, particularly in lane I where a band is not elear. Lamhda marker V‘I g
(M;)wasusedandbandsizesareshownmkbp ' :

Ttns gel was blotted onto two nylon ﬂlters (by a two-way Southem blot procedure)

One Southem blot was probed wrth labeHed fIAP (ﬁgure 3. 9A) and the other was . : -'



._ : Probed w1th labelied XCI (ﬁgure 3 9]3) In both cases there was’ non-spwﬂoz.., N
e bmdlllg to the marker There was no hybndlsauon to the rIAP and vcry ‘strong
bmdmg to the XC’I pmbe mmcaﬁng that the cmcken posmve clcmes were both_;_- -

L can-ymg the same: msert t which was essenually XCJ

E Figum:ﬁ 9.. Soutllem biot aﬁaiys'ls\ of otlier p.os:twe' inserts' Soutﬁerﬁ blots of the gel in ﬁg."':i 3

e probed with Tabelled AP (A) &nd XCI (B). There is non- specific binding: of XCI to theDNA in lapes . e e

) : 1 and 3 in B. The very hlgh 9‘5““1 in Iages 2 and 4 (B) md:cates tbat thes& lanes contmnXCJ

The procedu.te used to extract DNA from Xenopus blood gave gmd ymlds of DNA '

 with mlmmal contammatmn w1th protem An average ratm for ODm ODm of 1 88 - o
 was obtained for all samples. 15 ml of blood ‘yielded 990 e of ‘genomic DNA o

Figure 3.10 shows a gel of the Xenopus genomic DNA Snmples d1gested to
cornpletmn with 8 restriction endonucleases Sout‘nem blots of such gels were

hybridised with- labelled XCI. Clear band patterns weie obtained (ﬁgure .

Different Southems _prepared in the same way gave identical band. pattems when
hybnd1sed with labelled XCI Blots that were stnpped cOuld be reprobed smoe these'

were generally lacking any radioactwe sngnal after an overmght exposure. The same __ - » '

band patterns were produced when smpped filters were probed Smpped ﬁlters, .
‘well as newly prepared anes, were hybridised t0 labelled mIAP cDNA pmb::\ A -
different band pattem was obtamed (ﬁgure 3. 12) '



' X B Pvea S Xhxb H M -

.Fig'lme-_.ﬁ_'.lﬁ_ ~Agarose. 'gel.-_;if' Xenopus genomic
- DNA. The DNA was digested to completion with the

Tollowing '.resh:i’cﬁbn " endoniticiesses: B=BamBl,

medium and bigh repetitive sequences can be seen. -

Figure 3,12 Southern blot raalysls. Thie Southern
blot of the gel in fig. 3.10 was probed with labelled

. m!AP., Comparison with fig. 3.10. shows that

different band patterns are obtained with the tissue

specific AP probe, Lanes are libelled s in fig. 3.10,

; : _ La.nesaremdlcaiedasmﬁg 310
E=FcoRT, ~ H=Hindl, Ps=Pstl, PvePwll, = _

$=S8acl, Xb=Xbal, Xii=Xhol. There are very fow -
" sites for Xhol, while HindIIl yields fragments with an -
average size significantly lower than that producedby - ©
the other enzymes. Several bends resulting from -

u-;n'-'zupvrssthaﬂu

Fiaure 411 Soihern blot analysis A Soumem:- i

*blot of the gel infig. 3,10 probed vnth labelled XCI :




o ODmJ_' o &
B ..'iODm "
,__".(ngmnmnun |
) RYAY g *1
'llfg;axxm&nrumxmg

- _=.;_'."F1ve gamples of RNA wcre prepa:ed from neumla embryos The results of the RIS
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‘ . RNA 1n formaldehyde gels that conl;amed eth1d1um brorru.de (ErBr), and whe.re the o e
c runnmg buffer included EtBr, could not be wsuahsad by UV tranmllununanon _' i
: ','._There was a high backgmund fluorescence due to nonaspecxﬁc bmdmg ofBBrwo.
. .-the 'MOPS ‘buffer. The fluprescence occurred as'a gradient with a front that_ 2 o
C corresponded to the' apprommate dlstance that the bromophenol blue dye mlgrated - o |
(figure 3. 13A) After destaining, background ﬂuorescence was st:li hlgh and RNA o
' 'bands were oniy shghtly dlscemable (ﬂgure 3. 1'33) o S
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'-.Flgures 13 Formaldehyds-agaross gel of ofal nenrula RNA. EtBrWasmcludedlntherunnmgbuﬂ’er o

. _..-andthegel (A) Thegefp:mrtodestaming (B) Thege[ aﬁerdestalmng RNA bmmmtﬁﬁ%mable - e

'__It was thus unpossnble to use the mtcmal RNA mark:ers dJrectly to determme the' o

.__--__slze of any posu.we bands that would be obtamed on pmbsd Northem blots RNA DR
stalmng was vety poor m gels that. wcre stamed only after electrthhoms IS (ﬂgure_ o

| 314)

It Was thus dec1ded to n 1de;lt1cal gcls Wlth total RNA under Thc same condmons. | -_
and to pl'epare two Norﬂwm blots fz:om these gels Onc was stamed w,l.th methylene o SRR

‘blue and the othcr was probed wzth XCI la this wess, ﬂw size of the XenaPHS“_ B

TNAP mRNA that would bmd the labcuev’ ACI nrm lcl be approxlmatecl from -

| the nbosomai RNA bands on the mrrespondmg memyzene blue-stained Northern -
' blot. Gels were placed on an uv transﬂlummator to db‘ermme the eﬁmency of .

RNA, transfer to the nylon filters after Northern blottmg It appeared that most, 1f'."

) not a]l the RNA Was transferred (ﬁgure 3. 15)
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Hgnre 3.14 Formaldehyde-agarose gel of total
neurnfn RNA. The gel was stained after
electrophoresis, RNA was weakly stained.

Figure 3.15 Formaldehyde-agarcse gel of total
neurula RNA, The gel in fig. 3.14 aftec alkali
blotting. Some RNA remained in the gel.




| ) __Northem h]ots that were stamed mth :methylcne blue produced good clear

" ribosomal RNA bands which slso showed that the RNA extracied from the embryos
: ~ was clean and’ undegmded (ﬁgure 3 16) Northem bIots that were’ PrObEd Wlﬂl |
. lab elI ed XCI pmduced a smglg,, clear band (ﬁgure 3, 17) It was thus not necessm.y

_ m prepare Ii[orthem biots W1th only inRNA smce total RNA ‘blots pmduwd clm_ . ” .. _ |
i results By comparmg the dlstance that the XCI posntwe band migrated from the__ s

B we]]s, with' that of the rRNA bands in the stamed blot the s1ze of the Xenapus-f-'--_-l "

_'-_'INAP mRNA was estlmated as bemg 2. Skb.

_-.__':_;:__:Northem blots prepared usmg the alkah blomng procedure Pdeuced the same, R
R '_'results b“t 111 half the tame it took w.lch the classwal method'.-- |

Lokt i '. Lo

. Figare 3,16 Northern blot anafysis. The -
_ Northern blot of the gel in fig. 3.15 that was
stained with methylens blue, RNA size markers .
are the internal 285 (5.5 kb} and. 13§ (2.1 kb)

tRNA.,

' 'of the mtemal ma.rkera are mdlcated. e

| Figure 3.7 Northem blot analysls,

Autoradiograph of 4 Northera blot as the one in-:
fig. 3.16 probéd.with labelied XCZ. Thapomhons .

-l

r\.'-.




4 DISCUSSION

- -4._-_1'_ " TBESUITABmTY OF THE eDNA :_LIBRARY |

The titre found for the cDNA hbrary that was screened was reasonably hlgb

| _although 1t was 40X lowe.r than the original titre, Ttus showed that the hbrary was  3 '_

- _stﬂl m good condmon, that minimal degxadauon occurccl since its construchon m | _
o 1986 The hbrary was thus considered suitable for screening. I-Iowever, since the N
~ average msert sizé was only 1 kb, and the full-length TNAP ¢DNA was expected N

10 b at Jeast 2.5 kb (comparable with other TNAP cDNA’s), it was acoepted that -~

the hbrary woulr;l have tobe screened several tlmas, and several. positive clonesbe -

~ isolated to obtain the full-lengfly sequence. The exact level to which the Xenopus

TNAP mRNA it represented in the mRNA- pool'.' of neurula embryo cells is not
known. For a mRNA in the lowest abundance class, in vertebrates, there are

‘usually about 5 = 15 molecules of such a mRP A per cell (if that mRNA is __
expressed at all) and standard screening of a ¢DNA library prepated from the
‘expressing tissues is usually sufficient to isolate the specific molecule (Axel e;.al, |

_19'7’6; Young et al, 1976). Using tte titre vatue obtained for the library, plzitin_g of

 the library was performed such that there were 35 000 plaques per plate, With 8

plates per primary screening, 2.8 X 10° recombinants were thus screeried each time,
The hbrary used contains 4 X 10 mdapendent inserts and thus even the rarest

: mRNA could be found in such a screening (Huynh et al, 1985)

Typically, the aumber of TNAP posuive clones 1solated in the first round of

screening is very low, This is not surprising, since only.a very small number of' g
clones can be expected to have mserts that cade for any pa.ucular part of a gene.




o However, momposiﬁveswereexpectedmtheﬂzstround ofscmmg ;hanWas
- obtained Onermon is the lmvmse;t size oomparedtothelength of theﬁﬂchNA
| .eodmg for ’INAP Each probe should be able to mybndxse to duferent clones that
 although. oontam different inserts, these inserts would all be past of the TNAP |
_ sequmce Futthermore, ﬂlerelauvdyhlgh&pressionofAPmtheneumiaembryo _'
" '(asdlscussedmsacuonl 15}shou1dresultmac1)NAhbmythathastheTNAP o

| sequencemgruﬂl:anﬂyrepréSenbed therebydecmasmgﬂxenumberofremmbmanta R
“:..neededtobescreenedfonts isolation. Only 0.27% of the mRNAfmmhmnan .
. p]acenta is PLAP mRNA (Kam et al, 1985) Neverﬂlelms* ont of only 150 000

recorbinant phages m azgtll library,. 68 clones reacted mth PLAP anﬁbody (Kam

e al, 1985) "This i significant since such a pmcedure alsn mqmres that the PLAP

msem be pmpetly expmssed whmh as already dascussai decreases the chances of

- molating a specific’ clone. Even after the polyclmml antmndy was. aﬂimty punﬂed,

~ the number of positive clonies remained lugh @3) (Kam et al, 1985) Snnﬂarly,

 Misumi et of (1988) found that the TNAP mRNA in rat liver i is less than 0,003%

| of the mRNA poPuIatzon in the rat- lwer Nevertheless, by screemng 6X 10s

recombmant bactemphages (mthout priot amphﬂcatlon) inaxgtll cDNA llbrary, S
| constructed from rat liver mRNA w:th anti-(liver AP) IgG, 6 positive clqnes were |

isolated. These Jed to the sequenoe of the fullrlength rat TNAP cDNA«. | |

It s of cotlxss possible that the cDNA hbrary is too small and does not adequately

_represent the mRNA pool of the neurula’ embryo It newssary in the future o o

construction of Xent{pus cDNA libraries, it may be possnble to mctease expresmon
of the TNAP gene in neurula and then construct a 11brary from mduced embryo'

Misumi e af (1988) were able to induce rat TNAP mRNA in the liver by bile-duct *
- ligation and injecting with coichlcme The TNAP mRNA was increased 20-fold by

thig double treatment and tlus ﬁclhtated the isolation of the TNAP CDNA (l\ﬁsurm

' -ezaI 1988),

i Tt i 1s not necessary that the average msert size of & hbrar_v app:o:dmate the full-'

lengtthNA Thepmbeﬂiatmobtamedfmmaﬂrstscreenmgeanbeuscdto

* screen the hbrary for longer and overlappmg cDNA clones ’I‘h:s sl:ep-wme |




i

N pproach ig. usually suﬁiclent to obtam the sequence Of any ﬁﬂl—length °DNA
o _'(I-Iuynh et al 1985) ' USRI

42 PREPARATION QF POSITIVE INSERT xcz FOR_

o SEQUENC]NG

421 PB:A'_GE DNA EXTRACTION

IS not:olear"vtrhy the phage DNA extiaction was not successful since the same
method has been used sucoessﬁllly in other expenment% unrelated to the present.

-work 1t is posslble that the PEG used to prec1p1tate the phage ‘was spolled |
Fortunately, this problem was eamly overcome by the use of PCR to amthy inserts

~ from positive plaques No dlﬁiculty was encountered with the PCR since in almost_ S
every case inserts were well amphﬁed yleldmg umform products uncontammated_ DR

W1th any other DNA. o

'-4”2;2__ | T‘-_vocroo "COﬁSTRUCTION .

The c'oti_st:uotion' of T-vectors. for cloniﬁg-"of the PCR ampliﬁed -ins&ts_ was

' neCesoary due to the template-independent terminal - tranSferase"aotivit)' of Taq

polymerase that résults in the addition of a single nucleotide at- the 3 end of the  *~

mnphﬁed fragment (Clark 1988 Mole et al, 1989). This nucleoude is almost
always adenosine due to the strong preference of Taq polymerase for dA'I',_P (Clark,
1988). Clearly, this makes cloning blunt-ended fragments, such as PCR products,

very ineﬂici.e;1t'. Alternative ‘solutions to this problem include the addition of o
linkers, which. have an . internal restriction site, ‘or adaptors, or by employing :
homopolymer tailing to create cohesive ends betweeri veotor and fragment to be

 cloned (Old & anrose, 1980}, These procedures a:o qmte expensive, dué to the

- cost of ohgonucleoode synthesm, especially if done routmely The pﬁmers o
employed in the PCR could have restnction su:es mcorporated in them, so that after

_cleavage the fragments have cohesive ends thar can be ligated into an equwalontly

cut vector (Old & Primrose, 1989\ A problem often encountered in this approat;h o

A A 18—t PPy e 1 AR goe Ba o e e e e




Bih

*is thar many, vesmiction endomucleases il 1o Cleave when thelr recognition
- sequences are- 1ocatod mthm & fow baso pmrs of. the end of a DNA fragmont-- o
_- '-(Marchuk etal 1991) ' o s

- :' - Tho prooeduro whoroby smgle thynrudmes are added to the 3* ends of appropnatoly' - o
 cleaved vectors was first desonbod by Marchuk et al (1991), The so-called "T-
-"veotor ", that has added thynudmes, and the PCR products havo complementary . o
| ":'ﬁsmgle base -3’ overhangs. This olearly moreased the. oﬁiclenoy of c;[omng tho’- : ) |

__"amphﬁed fragments since a high number of bactena transformed with rooombmnt e
'- E ‘veotor showed that the hgatxon was oﬁment Fuﬂhermore under thﬂqe ooudiuons, . . :
o K ;voctor self-hgatlon and ooncatamenSauon of tho m“-orts avo prohlbltedt o

s o

- :_ The XenOpus neurula hgtm cDNA hbra“ry was scrooned at hlgn nell ﬂenmty mth
| the chxolcon anid mouse full-length TNAP cDNA probes. 011 tho wholo, both probes PO
"hybndised to the same olonos This is not suxpnsmg, smoe an TNAP’s appoar to
share over 90% overal] homology at. the- protem level (tsa.rattm o at 1987) e
e Although IJOth prohos wcre efﬁmently labellod, the ch:cken probe always gave. oY AT
' S}gmﬁcantly darker spots in the autoradmgraphs Tlus was posszbly duo to }ugher,'_'-:_'_ o
homology of the former with the: Xenopus TNAP. Altornahvoly, it 1s possxblo that o
the chicken was more eﬁolently labelled due to-a ‘higher content of cytosme
;remduos There was gonerally over 80% mco:poranon of fadloanuvo nucleotides .
~ the ohmken probe buta procmo oomparison with mcoxporao.ou m e mouse pxobe af
 was not carried out. The chicken probe was 500 bp shorter than the snouse probe-' o

- 431 SUITABIIJTYOF mcmemw -Am_)- Moosaf'rﬁa? mom -

(figure 3 1) and this may have resultod in more BfﬁClent hybnmsauon of the fonner o

tothe Xenopm sequence




- ;4 3.z ISOLATION OF PAR’I‘ OF THE XENOPUS TNAP cDNA AND_- AEEE A

COMPARISONW'ITHTHEMOUSE TNAP cDNA RO

o '4.-3;an__-'antaénﬁcity 'af”xCi_* |

o _' Screenmg of 12 8 X 10’ plaques, four ttmes, led to the 1solatlon of several clones o
* that were found\to contain the same msert des:gnated as XCl, that correSponds o
N part of theXenopus ‘INAP gene Several obsewauons md:cated that XCI is indeed
“an authentic TNAP ¢DNA probe. By means of computer~assmted analysm, the = |
sequenee of XCI was compared with. that of the mouse TNAP cDNA Slgmﬁcant T oo
~ homology was. found between XCI and part of the mouse sequence that also
' confirmed that XCI corresponds to the 5* end of the TNAP, including part of the
B "';-Ieader sequence The companson at the nucleotlde level between the Xettopus and_'. E
_ 'fmouse ¢DNA sequences is shown m ﬁgure 4.1. Optnnal ahgnment was actueved_ -
o by mtro&ucmg gaps in the sequence that are shown by the dashes in the ahgned_ E o
' '--sequence The overall. homelogy was. calculatect to be' apprommately 63%. The K :_ .- R
: 'degree of homology from the start codon to the end of the sequence, el to the_.__
o ':EcoRI site between the Xenopus sequence and the A sequence, was found to be
7% This is not surprising congidering the fact that the 5 untranslated regions of
the 2 cDNA’s ate exPected to have less homology due to lower selectwe pressures -
B tfbr function, The 5" and 3’ untranslated regions of all AP cDNA sequences are not -
_homologous (Noda et al 1987) Th1s indicates that the nonncodmg regtons of AP‘
. are movsPecxﬁc and do appear o be conserved m evolunon (Noda et af, 1987) A - |
slmﬂa: phenomenon is reported for the 3" noncodmg region of the multlgene actin -~ o
family (Ponte.- et dl, 1983) The degree of homology between the fuli-length”

Xen0pus ’I'NAP and other TNAP’S should be hlgher

'Ihe fact that XCI was molated using, TNAP-spemﬁc probus also suggests that XCI\I_ .

: st be part of the Xenopus TNAP geﬁe A third ob&ewauon that supports the
aumenttcaty of XCI is that it binds-to an RNA specxes in Northern biots, prepaxed . a

- with Xenopus RNA, that corresponds-to a size of 2.5kb which is the size of all
| other TNAP mItNA‘s studled thus far (see aectmn 4.4, 2)

-
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AGTbuAAGCTGAATTGCGGGGCCCCCGGCGGGGCAGAAGTGGGAGAGAAG

L S A O T 1 O

CGGGAGAGTACGCTCGGGCCACTGCGGTCCTTAGGGGTGCGGGT

-CAGAAGGCGGAGACTAﬁCACTTGCCC&CTAGGCCAAGGCCAACTGCTGAT

e PLYHIETE 1] RN
- CGCGAGCcGG-AACAGH—CCCTCCCGACGAGTGC@”GC&GG*A-TCGGAA

1
C‘I’C{ﬁhG.n"LGGGG(‘;AGM..‘\lf.%'ll'af’t(}l'iﬁtGG‘G}'i GﬁGGAGCGTMCTGAAACTTTGAGT

R L I I s L | |1
_GTGAATTAACGTCAATTAACATGTGAGGCTGGCCCCCCGCCCTOTTCCCA -
_I;';;t'
T' : . .

: TG?T??GAGATCAGACC???GTGCCAGGTTTGTGTCCA?GT?GAGAGAAC |
e . - .

'”GCATGTGGGGT—CC-AGCGA—G—GG—A—CGAA»TGT—CA—GG—GT-ACAC"

CATGGTGAAAGTATGGCTGTTGCTCGTGCTGGGGACCCTCTOCGAGTCGG'

S A N L A

CATGATCTCAGGATTTTTAGTACTGGCCATGGGCACCCTTACCAAGT—-C ]

- b

CTG

”TGAGATTTGFAGAACAAGAGAAAAACLCﬁAATTACTGGAGACG&GAGGGC 

TEEEE PRERRE T PTL L LT e 11 11y

_-TTTTGTGGGAGAGAAAGAGAGAGACCCCAGTTAGTGGCGACAGGAAGCC'.;':

CAGGAGACGCTGATGAACGCGCTCAGCTGCAAAACCTCAATACCAACGTT

TRREE e o L e i 1

CAAGAGACCTTGAAAAATGCCCTGAAACTCAAAAGOTCAACACCAATGTA

GCAAA CATGTTCCTGGGTGATGGTATGGGGGTTCGGAGAGT

[l IIIIIIllllII!lIIl!IIIII PLRLEA LT LEELLEE

- GCCAAGAATGT A‘I‘CATGTTCCTGGGAGATGGTATGGGGGTG'I_‘GC.&CAGT. _

¢

anured 1 (Conunues over) Computer-asmﬁed zmcleutideahgmut of XC1 (%) with the correspondin

region of the mouse TNAP cDNA (M). The rrouse sequetice is taken from Hahpel ad Schultz (1989). )

- Nucleotide position numbers are at the left margin. The first mleouda i the Xenopus seq_mnce e
* gorrespouds to nucleonde 50 in fig. 3.7, : o _

i .
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M 480

.M s

651

_TACTGccGcCAGATTOTCAAAGGGCAAGTGGGTGGGCAGccGGGGGAAGa'_3 S
AW T TR L AP
_!AaccscTacccaﬁawccTTAAG@GcCAGGTACACGAGA?ACGGGCGAGQA_._ S e

|
c

L D T FEALLLE T

k -GAccchcrcGAGawGGAcaaammccccwm¢amcscccﬂcwccAAsgcAT_'*-

..xL'

 AOAACAGOAAGOUICAGATGOCAGACAGCOOAGGAGACCOACTaoETe |
o LT R VA DEER T BT ]

3 ATAACACCAACGGTGAGGTGGGTGACAGCGCGGGGAGIGCCACTGCCTAQ.3*f;j S

cTGmGTGGGGTGaAAGccAaceaaescnccsrGGGGGTGAATGGQGCTGG'f7'°

T T T T R

_'TTamsmeaQGTGAAGGGCAACGAGGscAcAGwGGGAGTGAGchAGccAc.':;_f}'f--

CE A U W FHEEEE T T

) TGA&ATGGGGGOGGAATTGTTTTGCTTTTTAOGC

S e
:TGCGCTGGGGGAAG

. R

QGACGGAGPT“GAAATQGAGAAGTTTGccCACGTTGGTcTTTCTaAGAGcr _:f ,:;3”j;;j4ﬂ

a TGTGAGGAAEGAGTGTAAGAGcAGcAAGGGcaacGAG@TGGAGchATcA” _}__,;_l L

~AGAGchAcGcGAmGCAAcaccacTCA@GGGAATGAGGTCAcamccsmcc_ R




e pmt R

) '. It may be conmdared unusual that the 5’ end of a mRNA sequence was 1solated . ) g R '_ e
:'_':"_"-_"Smoe the. Synthesw of the ﬁrst-strand of the. cDNA was nhgq dT-pnmed, fhe : ' o
_ ._ __chances of under«repmsenhng the 5 end is mcreased dma to lneomplete Synthes;s--' e S ’
~ " of the first strand. However; the method used to construct the Hbrary wasa
- modified version of the one descnbedby Land etal(lQEl) n this method, theuse-.___.__' e
" of nuclease S1 js avoided by dG tailing first CDNA strands and oligo dC priming
, . seoond strand synthesxs Tms medmd ennches for ﬁﬂl-length cDNA clcnes Other PR '.
._ ":'--’3:"prob1ems are alsa avoxded Wl‘lich aJ:e asmmted Wlth nuclease Sl treatment 5’ o ] :
o | mRNA sequences are often lost when dlgestmgg wu:h nuclease SL. Another anomaiy' o

| :-1s that occamonally a cDNA clene results whmh contains sequences at- its- 5' T

L : mmus Whlch are not cohnear W1th the l'l'lRN A due to mmplate dlgestmn Wlth' :-. | : _
the nuclease” (Huynh et al, 1985) Strategies wharc nuclease S1 trcatinent 1.s'_. . C
| '_eXcluded are thKu’S*prefened L e

.\\.._

4._{3.2_._2 | 'mm to rso:ate aﬂ_:'e- Ful_!-_léﬂgﬂ? TNAPcDNA . EURR

o \'_"_'It was surpnsmg to fmd that, after sevaral screemngs, and sequencmg of several._ L -
'ﬁposmve clores, all isolates contained the same part of the TNAP gene Ovcﬂap;nngf S
;. ‘regions were also not obtamed It appears that the. rest of the TNAP mRNA was. s
B .somehow lost dunng oonstructmn of the hbrary One possxble expla.nanon for tlns"_ '
L tha}. the EcoRI sites ‘were not adequately protected durmg constructlon of the -
C hbrary and. thus, when the attached EcoRI linkers were d1gested for }u}.,auon mtothe T
© EcoRI site of Agtl0, site(s) inside the TNAP mRNA wete dleaved and part of the
‘¢DNA was acmdentally lost. Clearly, the ﬂﬂMength TNAP cDNA wﬂl be 1solated |
- from alternaﬁve hbranes, especm]ly since there is- now a Xenopm-specxﬁb probe R
o _'_The full sequence should rcveal any mtemal EcoRI s:tes that could support the__ _
: | -above hypomesxs. e . .




4323The Amqumd Sequence Encoded by XCI ; o
The longest open readmg frame was translated mlae the ammo aeld eequence (ﬁgure _ S
. 3.7). This was used to identify which part of the TNAP gene XCI coded by -
S companson with the ammo acid sequenee of other TNAP’s. The sequence obtamed e o
 codes for a polypeptide of 155 amino acids with. . calculated M, of 16 919, The .
- | ﬁrst metlnonme is pert of the eonsensus sequence ACCAUGG which is eons:dered . .
L oPumal for the initiation of translahon (Kozak 1986) The mmahng metluomne' C
"codon is fe]lowed bya sequence encoding a predicted mgnal pepude. The putative
o -s1gna1 pepnde is 17 amme aclds leng, is- mostly hydmpheblc and is nch m leucme | - o |
' - This mgnal pepﬁde } fhus the same as that found in ether cloned TNAP cDNA’s, - -_ I |
 inchiding the bovme, xat and human TNAP's (Kam e dl, 1985; Weiss et al, 1986;

.\Garamm etal, 198? m.sum et al I988) However, the c termmus. ef th e sign als R

o '1984)

'I‘he ﬂrst Nabermmal amino aclcls are hydrophoblc (Phe, Pre) It is common to ﬁnd S o
: hydrophobm amino acids next to the s1gnal peptide (Kam et al; 1985) The 155 o
| _aming ac1ds encoded by XCI represents only 30% of the whole TNAP protein smce S
all other TNAP’s conmst of 524 .amino acids, mcludmg the N~ and C-terminal
_ .sxgnal peptules (Hua et al, 1986; Weiss et al, 1986, 1988; Garannm et al, 1987" o
Misumi et al, 1988; Hsu, 1991). The proline in the third position after the N~ -

'ternnnal signal peptlde 18 eeneerved in all AP's so far sequenced (Kam o al; 1985

: '_'_.-peptlde in Xenopus can on]y ‘be ‘unequivocally defined by detenmmng the N- e
'hermmalatmne acid sequence of the mature frog TNAP Itminterestmgbonote that o
' mionse ep1derma1 ‘growth -factor preciirsor and human pancreatic polypeptide .
hormone precursor have snmlar slgnal peptldes (Scott et al, 1983, Schwartz et aI R R

- Garationi et al; 1987 Misumi e al, 1988; Weiss e al, 1988). The presence of this -

~ Pro residue also supports the predmted length of the mgnai peptide of 17 residues. |
Thisisa further confirmation that the sequence ebtamed is'the Xenopus TNAP
becavse all TNAP's 50 far sequenced have a signal peptide of 17 residues, Wwhereas . -

_ the TSAP-"S-s_i'_gnal- pe’;_itide ranges from 18 to 20re81dues (see appendi); D)., -



. !-

| By companng the amino acxd sequence encoded by XCI mth that of other 'I'NAP’ s

_ooordmatmn of the metal mns ZnI, Zn9 and Mg w}uch 1s us\senhal for enzyme ' c

L Conhnmng wuh the structural eompansons, the acnve s1te seqlience Asp”-Ser”a '_ |

o Ala“ is also mcluded in XCI (ﬁgure 5 7) ’I'hxs actwe site sequence is found inthe = o
: same posmon m all vertebrate AP (1n the human’ PLAP and GCAP Ala” S
- replaced by Gly“ wtuch supports the v1ew that these 1sozymes are new evolunonary- -_ o '_ o
 gene products (Goldstein ef al, 1980)). Note the residues that interact with substrate - -

s -'phosphate' the Ser”3 remdue ig the ofie that s phosphorylated dunng phusphatase'_- L -
o '_'_:"_actlwty Arg“" is the other res1due that interacts w1th substrate phosphate in the_-' S -
L full-length TNAP and is not part of XCI (Weiss et al 1986) The reacnve serme._' 8 R .
is hnsed 0 the ammo end of the a:-hehx deﬁned by resmlues 94 104 S

B Most of the metal hgand res1dues OCCur after the 300th ammo acui (Leu’““ m mouse -':-f :
_ snd rat TNAP, Ile‘m m bovme and human TNAP) Asp43 is one metal hgand s1te . o |
- I-"that is mch‘fded in XC‘I The other resuiues to be found in the full-Iength Xenopus e o
_' : TNAP (conservedmall othes: M”s}areI’.[Js‘s‘l I‘hr‘-"6 Glu“’ Aspm Hlsm Asp"“ e
Hl-'im aﬂd His*, 1t can. be recalled that these sites are responsmle for the precase. S

/J'

4"

Anotlwr feamre that can be found in the sequence encoded by XCl1 i isa putatlve_ o
glycosylatmn Slgnal mte at Asn”“l Other such sttes (deﬁned by the seQuence Asn- R

_Xaa-Thr/Ser) shoutd be found at Agn®3, Asn”‘ Asn? and Asn’t? (‘Mlsurm et al,

i 988) All TI‘NAP’s have these five potentlal glycosylatmn snes, whereas the other' o
: mozymes have only twa, Asnm and Asnm (Mﬂlén 1986) :

__,:, (such as these m appenduc D) it ean be seen that XCI 1n01udes the T.‘lrst four, and" :
- most of the ﬁfth alpha—heheal domams which gocur at-the followmg PDsitmns _. o
L _:..--.(ammoamd lbemg the ﬁrstafterthe SLgnal pepude) 19 25, 47~ 56 62 - 68, o _.:;'_
. _ 104, 132 - 138 (theﬁfth domam ends at tésidue 141) Slmzlarly, XC] mcludes the e
_ __ﬂrst twobesa-sheet domams (pomtums 35 - 42 7’0 75) S



S Figure 4.2 Companson of the deduced nmmo aoid sequances ofXCI (X) and the correspondmg regxon" IR
- of the mouss M) TNAP Fahuel &. Schultz, 1989) “Amino dcids are shows in the smgle-leltei‘ cades LT
L {appendle}, The arrow indicates amine acid residue 1 of the mature form of the enzymes, The putative - ~... " .
- -, site of N-glycosylation is underlined with a double liné aid the putative active sits is boxed. Numbéring ™ . .
e of amino acids correspnnds ta that used in ﬁgure 3.7) Ammo ac:d resn'lues 111 XCI tha: axe 1dent1ca1 '
Tl thh those of mouss TNAP are. mdicated by 5 S S :
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o | _';-:."_';':Flgura 4 2 shows tho a'mioo acn:l sequence oncoded by XC‘I compared to that of the BRI S

e 'mouse ‘I‘NAP saquence. The degree of homology is calcuIated to be 74% The mt

| 'I'NAP is 88% homologous to the human TNAP at the a:;mno acid lavel (Nusurm' .

| :" et al, 1988) ‘I‘he bovmc erIZyme is about 90% homologous wnh the human 'INAP | .

- X (Gﬂratmm er al 198’7) I-ialf of tho non-homologous mtes in the. Xenopus sequence_- ; '- o

- .I‘epresent conservauve changes, and 1t 1s expected that when the full-lencﬂm B
sequence is knowrt the degres of homology betWean the Xen0pus and other TNAP's - - -

- will be about 90% Tt will then be found, Just tike the human ’I'NAP to- be 52% g

. homologous w1th the human PLAP (wluch rcﬂects the' evoluoonary dxstance of o
'I‘NAP fromi the ofhet TSAP s), and 25 % homologous mth the E. colz AP (Welss_'.' o

_Vad w%)HmmemmmymemmﬁwmmmcmymWan%mmﬁmoo_“”f
K '_1s consm:ved in all AP‘s, mclucimg the bactenal enzymes (We:ss er al 1936~ 19881 EO o

r.._

g4 'LoLQNLNTmr AKWIMFLGIJ GMGVPTV‘I‘AA RILKGQLAGQ S p

.84 - _PGEETQLEMD KFPHVALSKT mmqms, -mﬂ%ﬁm;ﬁ_o'_-*_-'i N



' _4.4. SOIITEERN BLOT ANALYSIS

. --Itcankéseeumﬁgures10thattheﬁfenopmgenonucDNAhasfewsmesfor -
restriction ‘enzyme Xhol and a relatq;vely high nqmne; of HindIIl sifes. Ths

. _.._-=oomp1t-.te.1y d!gested DNA was blotted onto nylon ﬁlters and probeﬂ w:lth labelled -

XC1. Clear repmduclble hand pattems were' obtamed (ﬁgure 3 11) a,nd a Smgle-'-___ o

. copy gene 18 indicated, Thepresence of a separabe nssue—sPec:ﬂc gene is evident " N
- _from the dlﬂ'erent baud pattems obtamed when "robmg the same Southems w:lth__ - IR

- _laheiled mouse IAP cDNA Ttis q,ot clearlf both theKNAP and TSAP Benﬂs are _ L

. _'expressedmthe neumla embryo h%oth isozymes- areactwe in the mouSa embryoi-‘-_ B
. -.(Eahne.letal 1990) ’Ihepresenoeof’INAPandlAPmtheXempusembryowas_
L testedhyprcpanng Northern blots with mRNA fromnaumlampolemmpwbm_ S

with the mouse IAP. thminaty results obtained suggested that only the TNAP o

- _"__ﬁgenelsexpressed However, ltseemshkely thattheTSAPgenem also expressed SRR

in the neurula stage mnceﬂlere is emlence that two isozymes oceur in theXenopus._ .

embryo (Maekawa & Yamana, 1975) Thereason mouse probe ﬁaﬂed to hybndjse R :

tn tie Xenopus 'I'SAP mRNA is unclear and may mmply be due’ to 4 oo Jow a

 fraction of TSAP mRNA lo be detecied in the neurula stage, Further work is
L nwdedtodetenmnewheﬂleranmi’genemalsoexpresgedmthexempwembwo

Imtmhkely that there are anyomer AP geneszenopus analagous to the. human_ |
PLAP and GCAP since stugies have shownthatevenmmost mammahanspecles, .
__mcludmg pigs, cats, dog's, b*msters, cows, sheep, guinea pigs and Ia(s, only the

~ TNAP (hverlbonefhdn\zy) and the IAP occur (Goldstein et al, 1980) It is only i in o
. the hJ.gher pnmates iz, chmlpanzees orangutans and humans that have other'- S o

_ forms of AP’s (Doellgast & Bemrschke 1979) It 18 mneresnng that mme aﬁd
- rabbits have also an embryomc form (EAP) that is closely related to the placental
“enzyme (Narisawa etal, 1992) Tlus sugg&sts that posmbly the PIAP evolved frorn B
the EAP. '



: o - _ lﬂr‘« 5
: From ﬁgure 3. QB 1t is clear that the. 1nsexts that hybndxsed to XCI was not m factj

a new. or ove.rlappmg rogmn of the Xenopus TNAP <DNA., This is becauso iP . N
: s1gna1 obtamod from the hybnd:sod XCI is very high and mdlcates that the PCR_ o

| ampllﬁef.l product 1s in fact XCI relsolated RIAP failed to hybndise to the P{,R '

' amplxﬁt-;d inserts that ware nul:lally 1solated frorn sci‘oemng the library Wiﬂl tho-'..' o
~ rabbit probe. Thxs md1c.ates that the inserts were in fact false pOSIthBS, i e that i

| 'ISAP gono was ot obtamed in. thxs screemng.

| 4;'-4;'2 NORTHERN BLOT ANALY’SIS .

' A blear smgle band Was obtamod in Northern blots preparod with total neurula

- RNA, probed with labelleﬂ xel (e 3. 17) The size of the mRNA hybndlsmg S
. to xcz couild be estiri " sit”ngof the 288 (5.5kb) and 188 @.1k) .

| IRNA markers on the s ;  .a - blots that were prepared under
identical condltlons as those ., & . . e probed These conditions
| "lncludod the Vﬂlﬁge dﬁi‘mg RNA ., + agh the time of electrophoresis,

‘the: concentratlon of the formaldehydo—agarose geic, the physwal dlmensmns of the

' gels and ‘olots, and the amounts of RNA eloctrophoresed in each well The mze of

- the Xenopus TNAP mRNA is esfiniated to be about 2,5Kb whmh is the size of

TNAP mRNA’s from other animals. Although the TNAP mRNA i is about ﬁve times

3 _Iarger than TSAP genes, the 'INAP product is approximately the same size as the
TSAP isozymes, The TNAP gene is large due maiply to intron size dlﬁ'erenoes S

: (Welss eral 1988)

4.5 ooNCLUsIoN

There are several pOssIbie strategies th‘at can e omployod .to is.o'la'te' and

charactense the Xenopus 'I'NAP gene. In tlus work, prevmusly lsols.tod chicken and |
molse TNAP cDNA’s were chosen ty be used as nucleic acid probes in the
Screening of acDNA hhfary It was assumed that the Xenopus TNAP ¢DNA could

B | _'bo isolated on tho bams of havmg a hlgh degroe of homology w1th thoso probes_ ':
since all ‘I‘NAP cDNA’s So far sequenced share over 90% homology with



'__reasonabiy hlgh stnngency condmons, the TNAP oDNA would be 1solated and not o
any ' TSAP GDNA’S Several putat,we posmvc clones were obtained- and generally. R,

_ both the chmken and mouse probes hybndlsed to the sams clones. All true po&ti?es
| were foun o contam the same part of the Xenopus TNAP 2DNA, It sesms that the |

- test of tde mRNA was Iost duting conatrucﬁon of the hbrary “The sequence _

obtained is consiﬁemd to be part of the Xenopus TNAP gene on the bams that it was

 isolated with TNAP-specific probes, its high homology with the mouse TNAP, that ~

B binds to MRNA. § m Northemn blots that corresponds to the size of other ’INAP o
MRNA® s, the predicted signal peptide is analagaus to that in other TNAP’s and not
to that i in TSA®’s, and the primary structure of all catalytically 1mportant regions
| mcluded in Lhe fragment molated are conserved o
The, fmgme'm isolated . he.re must. now ‘be used to screen alternative cDNA and
_genoxmc libranes to isolate the rest of the Xenopus TNAP ¢DNA and to
| cha:actense the entu'e gene, ' and 3* fragments are .wmlable and can be used to
' _ascertain whethe: the ¢DNA’s obtained are sufﬁciently long to: ‘contain fulinlength .
mcssage. _ ' ’ :

XCI can n0w be __used as a 'Xenopm'—s;mciﬂc probe. in the foHowing studies:

' 1) Scremmg of genomic 11bra.nes to find the sequence of the whole gene including '
introns and regulahory elements. What can be expected is a single major start
for transeription approximately 25_ nuclestides downsﬂeam of an A/T rich

. moiif, a G/C-tich promoter region relatively abundant in the dinucleotide CpG,
and three to four copies of the consensus sequence GGGCGG for SP1 binding

© (Weiss et al, 1988). |
~2) To investigate gene organisation and to identify and iocahse potential control
‘elements that are relevant for the tissue-specific expresmon of the gene. - _
3) To emvloy Northern blot analysm to study the expressmn of the ‘I‘NAP gene, .
| both tissue- and temporally-specific. . . . :

4) To use the ¢DNA as a probe in In situ hybndisauon studies in Xenapus embryos

- at different stages to elucldate the spatlal and tempural distnbuno‘n of AP '

\



T expemnents, could help elucn:late the functton uf TNAP

| L e
| expreesmn (presence of TNAP mRNA‘s), and posmbly relate 1t o a'_:- L

develapmental role. -

- _5) To employ Southern blot analysxs of restnctlon dlgests to analyse the complemty

of the 'INAP locus

_.:}6) To investigate the funetion of TNAP by transfecnonmf cDNA or genome cxones'?_ -
_-_into, for example, oocytes, ’I‘he effect of ovarexpressmn by using strong . | |
~ expression vectors, and mhlbmon,suc:hasby nucrmmecnng antisense RNA o

o

| _-emblyos, or by specifically abolishing TNAP sxpresmon in gene Wgeung; | T

S

PRt

| A cloned seqﬁence allows for accurate mampnlatxon of enzyme expressmn whlchf_._ B
.om:ld be used in studies of the enzymc s sirdcture and fanction at the moleoular o -
Jevel and its mgmﬂcanée i morphogenesis. Other itudies that could be carried out__ IR
o ;_::_'m thesfuture mclude. lobkmg for restnction fragment Iength polynmrphlsms (RF]‘.P) . o
- T of the gene. and to mvestngat@‘l\]‘AP polymoxpmsmi One could-also. probe the; SO
i éhmmosnmal localmanon of the _TNAP gene and relabed sequenoesg 'I‘he' :
o evolunonary relatedness of the Xenopu.r EI‘NAP wuh other AP genes cnuld also be |
'studied ' o S '
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 APPENDIX A: Modia and Solutions

g » Annealing Buﬂhr (ﬁar sequcncms)
TAvHOL TS

Msgc:g
NGl

Tns'I-IGI pI-I 7 6

S sps .

~ Dematuring Gel Sclution
o
 TBE
Aarylamnde,

pulyaovylamide gel.

R -Bindmg Buﬁer (for ol1gc:(d’I‘) mlumns)

| _'."200 m:M' SR
" ---_zs_'o_ mM

10mM

us M ._.4;2?7- o |
mM\u S

o "46-% | :(W'/y)_' o
| ' -"6_%: - .
A solntion of 33% aerylamu:e an:l 2% b;sacrylamide was used wh\!n preparing the

B 'Denaturation Sclutmn (for screemng and Southem blottmg)

_ NaCl -
CNsOH

15 M

..0.51\4’._"




o Benhardt’s So!ution (1oox)

o _Polyvmylpyrxohdone __ 10 g o

. Bovine Serum Albumm . B ._10_ .g.'_ L

._F10011400 o

om0 moosom
'Fﬂter.ste;ilisg T

| _ Elution Bnﬂ‘er (far ohgo(dT) columns) T

THS'HCI pH'TG R (1} mM o
A o mMo

. Fixlng Solution (for sequencmg gels) - S

Methanol L '12'%_

Gel Lnadmg Buﬂ’e1 (for DNA electrophoresxs)

“Glyeerol __'_--50%
TBEbuﬁ'er X

'- Bmmophenolblue .

- Gel Loadmg Buﬂ‘er (i‘or RNA electrophOresis)

__ Fllrerstemllsed . S 3

Glycerol . o 50%
Bromophenotblue 0% A
MadeumeEPC~treated HO - ' o

IPTG (1sopropy1~B~Duthmgalactopyranoslde)

e o 100mM
Made up in d1stllled H,O



Each of dCI‘P,
dGTP, d'I'FP
S

| 'LB Mﬁa—Bertam) Bmth

. Bacto-tryptone

o '.Bacto‘»ymt eactraet
S MaCL
. Auoclaved

LB Broth '

| ':Agarbse'
LBBroth o L
Autnclave -' “ |

;'_"LigaseButfer (1ox) R
- TrisHCY, pH'?B «

MgClL,

s
_ S TolL_'-_'
Autoclaved and poured mto petn dxshes.

. TolL

%0
100 M.

100 mM

B [ B R



‘-"\\ B '

_ LYSIS Solutlon (for sma11~scale plasn‘ud prep)
s S 25 M
| misHCLpHSO 50 mM
L Thea X100 4% G
B -BDTA".Naé.'.. o esm

S

. mozyme Sollltl(]ll [ o
L}'sozyme . 50 mg

. :__'._Mlddle Bmding Buffer (for ohgo(dT) columns)

- mHsHC pH’?G o 0omM
Coma 100 W
- EDTA - T M -
o SDS I 01%

: .- Ml.‘-ﬂlﬁed Bartll’s Saline o i
NaH003 . S | o mM
OEBPESNGOH S 15oaM
'.:";C“mow‘*ﬂzo . 03BmM
CaClp6BO  C 04lmM
MgSO.;“?HzO o "0;'_82--mM-
1 Y

MoOPs Buffer (10X) e __
EDTA 10 mM

'- Sodium acetate R " 50 MM

| MOPS (3-N-Morpholino}- .

. popmesuphonicsdd . 200mM -
B S T X S




Neutralmng Soht..m (used in g)
| NaCI.. C  : i

Pmbybﬂdtsaﬁmsmuﬁon (for screemng)

o _Demmsed formanude
SopE o

T Denhardt’s soln
"Somcabad denatureﬂ
He.mngSperm DNA *

thybndisaﬂon Soluﬁon (fm! Normem blots)

_ ':__:-J-Deibmsedformamlde
- '._ZGchine :

.Denhardt’s soln
Bemtured so:nsated
T Hemng Sperm DNA
: 'SDS T o
| Made 'uj; m doulﬂ_e—dislillédf HQO -

o ) 3
o -'TQ 11.-'.'

wops/ml. | ?_' =

o4 mg!ml
0%

o 1 5 M I RS

50% IR
s



e s Prehybridisatmn Solutmn (for Southem blots)
o sns S ess
Hemng sPetm DNA _. 20 pg/ml oo

e Nl \ FIT

| SMB“ﬂ‘er e
T 1o B e T 5100 mM
s .}.'-Mgsm 7H20 i 81 3 mM

o Aumclave w stenhse. iss

Snluﬁnnl(forlarge—scaleplasuudprep) e
| Glucose e e e 80 mM -
. TeECLpHEO % mM
| EDTANa .;;_- * CemM o -
”’-'Solutionﬂ(farla:ge-scaleplasmldprep) S R T
NaOH R oo w2 N

I




" oltion I (e g scaleplasmld prep)
. romm acetate (5 M)

3 PH o

5 Soluﬁon l) [For RN‘A Extracuon)
| S"dl“m cltfate pH 7 o

Satcosyl

8 mmptoéthanul_ o

NaClr

o Napo, HzQ | _". e

.  3 ' lIE‘,I)'I';A-]il’a,2

o Stop sﬂmﬁ‘m |

.'.'__EDTA

: '-_";'Bromophmol boe
o X)'lenecyanolFF B

NagGltraheZ}IgO

M

: 02 M
o oom
o _--7 4

95%

oo

.._::.

e




SupplementedLBmedmm T e e
CMgso, S0 mM
o Maltese 02%(w/v) SO
MadeupmthLBbroth I I
Taq Polymerase Reaction Buifer (10}{) L
'I‘ns, pHS, | PREERERL 100--*:1'1_1,;[ _.

TBE Buffer (20:0 R
= m‘HGI pH 7.4
EDTA Na*!ZHzO B

e T _3

o t[fns'HCI pH74 e 10 mM - o

(YO

X—gal (5-brom0~4~chlom«3-mdolyl—B-D-galactosnde)
o Xegal o L 10% -
. Made up m dunethylfonnamlde



. | Genotype e]4 (mcni), supE44 hsdn, rhi—l thr—l IeuB& Jam, IOMZI,

WISO[chr' TnIO(tet‘)]

— -.‘I'he consl:ructloﬂ of thls sttam is d&scnbed in Young and DaVls (1983) ThJs stramﬁ'_ R
._ B : | wa supphad by Inwimgen It has a number of featum wluch make it parhctﬂarly 3 : SR .
. useful in the present ‘work, viz, in the screening of Mgt 10 libraies. It has long been - o
~ considered an ideal E, coli how strain for use with Agt10 vectors smce itia, the " .
o frequency of backgrouud plaguer (Young & Davis, 1983). Risa suppxessmg strmn' S _' - o
often used for making lysates (Sambrook er 4}, 1989) and for the propogation of . -
o kgtlo (Young & Davis, 1983). 'The #fid phenotype, useful for makmg Iysates, may |
 be mantainied on medium containing 15 ig/ml tetracycline. Such uff A strain i Do
- used to ‘sglect Agtl0 recombinants. The high frequency lysogeuy mutatm’n S
 suppresses plague formation by : * bactenophages but allows plaque formation by
| reco*ubmant ok bacteriophages (Young & Davis, 1983). Since this strain is
 restriction minus. (hst) 'cDNA inserts are not susoepuble to host msmctlon _'

-'enzymes.
n'actuiumﬁpicmm coli XL1Blwe %

Genotype 'A(im’:rA)lSS Amer ‘CB- h.rdSMR—mrr)l’/S tecA’ (reaAl Iac'

enddl, gyrd96, hi-1, hsdR17, 3@344 reld1, {F’ proAB laclq, -

 laczAMs, Tal0})

This bectcial stain 3 cn&énuy the preféered host for pBnescript I vectors and




was deVBlOPed at Stratagene (Bullock er aI 198’7) Cells of tIns stram are deﬁclenl.'_ B

o inall known restncuon systems [A(mcrA)lSB A(mor CB—&stMR-mrr)l?S} and L

_.thus cloned oDNA that 1s cytosme« or adenme-methylarﬂd 1s not cleavod Tho' |
_endAl rnutatlon renders the stram endonuclease—deﬁolent and this greatIy 1mproves o
,_the quallty of plasrmd mlmprep DNA. (Sambrook et al, 1989) Thcra is also little

chance. of thore being any homologous recombmanon when clonmg DNA in this- - o L

_ “strain; msert stability is cnsured due to the recA mutatwn The stram allows .
blue!whxte oolour selectlon for pBluescnpt phagermds bocausa of the Iac%&MlS '
-_'complementamn on the F epwome. This colour selecuon is soon when pl(’nng on

LB plabes mpplementod with ampzcﬂhn (to mamtam the 1,:ma1gomlc[)L )(\-gal and_ o

'IPTG Colonies contammg phagermds mthout inserts wﬂl be blue aften,tra., ‘banon
for 12 - 18 hours at 37°C - Colonies with phagemids contalmng mserts remam- |

'.wfute The colour assay is not possibje w1th strams that have lost the B 'epxsome‘ B
The episome is mainta:.ed on media contammg 12.5 pg/ml tetracychne. Platmg on
modm with tetracyclme and ampmﬂlm selects for colonies that carry both the F* and

_ the phagem1d and this roduces the background of false pomwes Another mterestmg .
'fmture 158 that the F' _episome encodes for pili a]lowmg mfeot:on by ﬁlamentous '

| phage such as M13 Thus mngle-strand resoue from phage:md vectors is possible o

wmch is useful for sequencing or mutagenesxs studies. '

" Vector Agtm.(irmﬂ‘&lsz'?) |

U Reun 3 REES
8.8 Do AL 3
g 3 . EE% i %5 8 &
LI P THumi:of
| i _Eié? i e . ]

Map of Agtl Gmm™'ps27). Restriction endonuclease sites ars indicated in kbp’s from the left end.

Bacteriophage Agtl0 is widely used in the oonstruction of libraries to be screenod
with nucleic acid probes. There is an EcoRI site within the phage repressor gene
L. Insertlon o a DNA t’ragment into thzs site genera.tes ac phage, Wh.lCh forms

i
i#
i
s



“a plaque W1th a clear center A non—recombmant cI*‘ phage forms a turbzd plaque R

{Huynh et al, 1985). The usé of such an 1mmumt)' msert*on vector enables the

selecnon t'or recumbmanf phage, HOWever, since, J\gtl(} is Stlll abIe 10 P&Ckage, 1ts
. DNA ._thhout an insert, cDNA libraries cloned in Mgt10 may initially consist of o
70% bo 99% parent phage 1ackmg mse.rts (Huynh et al, 1985) This problem 13 -

'ehnnnahed by selecting . against. the nonﬂrecembmant parent -phage dunng .

amphﬂcauon of the: hbrary A strain of E, colz that carnes the hzgh ﬁequ . ncy of o

brsagemz mutatxon ¥ ﬂA such as C600, suPpresses growth of non-recombmant ar

. S0 that there is no plague- formation. ¢I" phage with cDNA msart fnrms plaq]Jes_ ._ SR |
_.eﬁcxantLy bn the h ﬂ.A stram CAn advantage when usmg ?\gth vectors W
| Cnnstrucmlg a hbrary, is: that it. avmds the problem of loss of certam sequences dus e

| -' -.to expr*Ssmn that 1eads 0a pmduct tcxtc tc- phage or host cell gmwth

: 'Vet.:'tuz'_ p.l?-_luest:riptjl;['_' o

Y\ Botgrs -
.__.,,._.5_:.';;-5},7 S

- Keint 759
‘Bashil 7g2

ot IR S L . _ A
- PMOAGTATGAOGATAY SHITAMD TRAGTASAD S - remmrmnqqumnr o LT e

H\m

s#zxe«as aa%%lmamuxrhi?msﬁ# toBllvind %zé&#s&x&*&ﬂ‘ﬁnﬂ"mﬁ 3';57-? R

mﬂ'.i..l .

gl maée&‘ééﬁ"f"’iﬂnuxrm Smm&“‘t’sxna Ixas&?mxmazs&:%;;f"“ssasx'*sxsssse:usxme*'* -

_ Nﬂ'ﬂﬁﬁf&}:ﬁ INI’G‘I’I‘ ’ . X S'M?A’I'Tit-‘rﬂmafl&l‘# . FrdABCiRss M.ll'ﬂl*
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A

-

o pBlueseﬂpt II phagennds (p]asmlds wrth a phage ongm) are clonmg vectors that
" have best desrgned by Stratagene to s;mphfy eommenly used eleuing and S
- _::-,_s..qllencmg procedures Censtructron of nested deletions for- DNA. sequencing, S -
. N generation of RNA- transenpts in vxrro, sue spemﬁe mutagenems and gene mappmg E : -
.' R areseme of theprocedures that can be performed with these vecters. 'I'hese veetors o - )
- . have an extensive polyheker with 21 umque restucnen sites, The polyhnkers Are L
' flanked by functional T3 anid T7 RNA pelymerase promoters and either strand of A
._.-..,_fa cloned insert can be transcnbed in vitro, The polylinker and T3 and TTRNA
B '._-_'polymerase premoters are locaied at the N- termmal pertmn of a LacZ geneif " :
“ | o fragment Phagemlds with | ne msert, when growe on strams ef bactena that Iaek the =
' B 'a—peptlde portlon of the B-galactosrdase gene, produce blue .colomes, whezeas .

mbmant Phagemld 1n such strams, results in whxte eelemes. R
. _:'.3 o . . Lo

e _._;__-pBluescnpt II ccmtams t.he :fl Dngm, a 434 nucleotl,de mtergemc reglon (M13"
'_ related) that eontams all the crs—aetmg elements requlred fer DNA replrcatron and <
S phage morphogenesrs. Thrs region a]lews pBluescnpt 1[ phagemds to be rescued - E o
- from B beanng bacteria (superinfected with helper phage) as smgle-stranded DNA"-‘. R
- j '- which is useful for dxdeexynueleotlde sequencmg, or evert srte-spec1ﬂc mutagenesis -
o pBluesenpt X1 is available with two orientations of both the polyhnker (SK andKS) .
. and- the f engm (+ ) The f1(+) onentauen mdlcates the sense strand wﬂl be .3 o
o rescued upon supennfectlon wrth helper phage. (—) mdreates the non—sense Strand - ._ |
o will be rescued (relauve to the §- galactesmase gene, The KS orjentation mdicates .
: | | that the Kpnl site is nearest to the IacZ premoter and the SaeI site furthest from 1t. -

The veetor used in th:s werk is- pBluescnpt I XS {+» (See ﬁgure) Note the _

X pnmer bmdrng swes used dunng sequencmg. The BssI-III sites can be used to cleave G
_'_out ingert plus T phage RNA promoters for gene mappmg procedures -
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© APPENDIX C: List of Suppliers

Eo '

{Beckm: "a"'n L
i Bw-Rad

C .Boehnnger Mannhezm

o
i
' Nalgene

A Promggﬂ

Perin Elmer Cems
a St_mmgeng S

U S Biochemical

B

Waﬂhingtan Biadhemical o

Nylon Membtalws _
5 .'Polyallomer ccntnfuge tubes

| Mixed-bed resin AG 501K
o '.Molecular welght markcrs '_ S
" MOPS buffer o

— Ohgn(dT)wellulose
o ' 'Resttictmn emlonucleases .
o :'RandomanﬁdDNAlabellmgkit SERTEY
‘Lambda ™ 10 - cDNA msett screenmg

L amphmers Basy e
' T ¥PICTP .
| -E cah strain CSOOhﬂ
. XAR-5 X—lay film "

' Plastic centﬁtuge_.u;bgs | o

: Herring sperm DNA =
Taq polymerase o B
o Z;oicunan coli strain XL—J. Blue o

- Vector pBluescnpt II KS’*’

. .KS 8K, T, T7 pnmers .- .
Sequcnase version 2. 0 dxdeoxynuclaoude R

. Sephadex GSO mmlspm columns
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| APPENDIX E: Amino Acid Abbreviations

Amino Aeid - © . ' Abbreviation - Abbreviation .

s

[ el R R e A SRt

PR

B

e

Glyciﬁe : Gly " . G

| mstidiwe 0 ms H

| molewcine - Ie - I

Lyse . Iy K

| Mettionine. M M

Vs e TR

prohnﬁ o P P

| pyroglutampt =~~~ <G <E
Sedne = Ser §

|myptophan - T W

|| Valine L va '
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e

B e e
W& ATE 8

-Pwtmn - S

e sx Ty Cp

B IRt J/*;" ___Phe Ser . Tyr . Cys SRR

S IR Izeu Ser_. CTet Tp o

L__eu CPro Gl Ag 0o

B ._'ne C Th Am o Ser
“He  Thr  Asn - Ser

1 oA ol T Leoaw R

S vl Ma._ Asp Gly_.' i
B Ve A Gy Gy

:_vm:.‘; jm-r G o
Cham termmahng _ - LT
: *'Codes for Met 1f in the mmator posmon whmh is rare

|eracjeraciorac|ara c'.
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