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I.1 I NTRODUCT I ON

I n general , bi ol ogi cal systems have si mi ì ar func-

t'i onal aims. To achieve these similar aims, SUPerficialìy

diverse systems frequently utilize s'imilar structures. The

"collagen helix" is one such struc!ure, whìchr along w'ith

the c-hel i x and ß-pl eated sheet, i s one of the fundamental

"ordered" confi guratì ons that a protei n may take.

This very rigid structure is widely found'in both

vertebnate (B raconnot, 1820 ) and i nvertebrate (Maser and

Rice, 1962; Adams, 1978) integument, it is a major compo-

nent of the ongan'i c matri x upon whi ch the vertebrate

skeleton is assembled (Glimcher and Krane, 1968), it is

assoc'i ated wÍ th t'i ssue membranes (Goodman et al . , 1955 ) and

provi des a number of enzymes, i ncl udi ng acetyl chol i nes-

terase (Hall and Kelly, 1971; Rosenberry and Richardson,

1977 ) and the Clq component of complement (Ried e.!-e]-.,

l97Z; Ried and Porter, 1976), with rigid stalks. In

addition, ultrastructural anaìyses suggest that collagen-

like molecules may exist in some unìceìlular organisms

(discussed by Gross, 1980). Thus, in a strict sense, 'it is

not correct to speak of "coìlagen" in the same manner as

one would, for instance, sãYr "insulin". However, for

conveni ence, those "col l agen-contai n'i ng" protei ns whose

primary role appeans to be structural are collectiveìy

referred to as "coìlagen'r, and those "collagen-containing"

prote'i ns whi ch appear to have a di f f erent rol e, f or exampì e

as enzymes, are not cl assed as col 1 agens.

The vertebrate col ì agens have bedn di vi ded i nto fi ve

structuraìly distinct types (Bornstein and Sage, 1980)

shown i n Tabl e I .1 . , and, unl ess otherwi se menti oned, I

-t:t'

'r



TABLE I.1.

Chai n compos'iti on and ti ssue di stri buti on of col I agen

types (Bornstein and Sage, 1980; aTrueb Ég!., 1980;

bB.o*n et a'l ., 1978).

TYPE TISSUE DISTRIBUTION cHAIt{ Cot-tP0sITI0il

I Almost ub'iquitous cr 1(I)z
c 1(I)3

c 2(I)
- type I

trimer

II Carti I age, vi treous c 1(II)3

TII Same as type I, excePt
absent in bone, very
low in tendon. Pre-
domi nant i n di stens i bl e

tissues

q 1(III)3

IV Basement membrane cr f (lV)z (IV)Ad,

V Foetal membranes,
pì acenta

Not cìear1y estab-
l'i shed. Either, or
both
c 1(
c 1(
may
form
c 3(
al so

,o
V)s
V)z
exi

co
v)b

oc

f the species
and
o 2(v)

st. Another
nta'i nìng

cha'i n(s)
curs.
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shall use the collective definition and this class'i ficat'i on

of coì I agen.

I n addi ti on to these fi ve tyPes, however, a number of

other col I agen speci es recently have been 'i dentì f i ed,

'i ncl udi ng endothel i al col ì agen (EC) , ì sol ated. f rom cuìtured

bovine aortic endotheliaì cells (Sage et a'l ., 1980), type

VI col ì agêñ, i so'l ated f rom human (Furuto and Mi I I er, 1980

and 1981) and bovine (Jander et aì., 1981 and 1983)

pl acenta, hi gh and 1 ow mol ecul ar wei ght col I agens from

ch'i ck hyal'i ne cart'i I age (Reese and Mayne, 1981) , ì ong-cha'i n

(LC ) or type VI I col ì agêr, found i n human chori oamni oti c

membranes (Bentz 
. 
et al . , 1983 ) and the 7S col I agenous

bri dgi ng fragments associ ated wi th basement membranes

(Ri stel i et al ., 1980; Madri et aì ., 1983 ). It i s I i kely

that other speci es may be di scovered, espec'i aì ìy nov', that

gene probes f or col'l agen sequences are avai I abl e (Secti on

I.3.).
Although much i s known about the structure and

bì osynthesi s of col I agen (Sect'i on I.2.) , comparat'i vely

t ìttl e 'i s known about how thi s reì ates, mechani st'i caì ly ' to

i ts f uncti on. l,Jhi I st it i s cl ear that, 'i n generaì , the

rol e of coì I agen 'i s rel ated to its tens'i 1e properti es, and

that ti ssues whi ch have di fferent mechani cal requi rements

(e.g. compress'i ve resil'i ance in articular cart'i lage,

tensile strength in tendon, partial elasticity in skin)

have different collagen types, it would be näive to try to

understand the function of collagen solely by studying its

structure alone. Collagen is but one component of

connective tissue, which contains, in varying amounts and

spati al arrangements, col I a9êfì, el asti n, proteogìycan '
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gìycosami nogìycan, I am'i ni n, mi neral s, f i bronecti n, other

glycoproteins and,1ike1y, other, as yet unidentified,

components. The particular function of any one of these

components may be obscured by the functi on of the overal I

composite.

Perhaps the most powerfuì techni que avai I abì e to

ana'lyse the f unct'ionaì contri buti on of each of the el ements

of connective tissue,'i ncìuding coì1agen, to its overalì

function, is the use of genet'i cs. Unfortunately, the

metazoans most amenabl e to genet'ic mani pul at'i on, vi z. ,

Droso hi I a and Caenorhabditi s el egans, a ppear to have

col ì agens whì ch are d'i f f erent f rom the 'interst'iti al coì I a-

gens (i.e. types I, II and III) of vertebrates at least

(Monson et al., 1982; Kramer et al., 1982). Direct muta-

ti on of the mouse a 1(I ) co'l ì agen gene usi ng retrovi ral

i nserti on i nto the germ I i ne has recently been reported

(Schni ekê g!_âl ., 1983 ), but thi s method i s probably a

techni ca1ìy unwi e'l dy Ì',ay of generati ng spec'i f i c mutants, as

the site of retrovi ral insention is likely random (although

'it is possible that the site of insert'i on may be biased

towards transcriptionally active DNA).

An alternative approach is to identify naturalìy

occurring mutations within a population. Superficiaììy,

thi s mi ght appear to be a daunti ng task. However, for some

species, notably humans, this has already been done; the

geneti c d'i seases of connecti ve ti ssue represent a bank of

mutati ons i n a vari ety of genes whose products are asso-

ciated with either the structure or synthesis of connective

ti ssue. Fu rthermore, al though these mutati ons are I i kely

to represent on'ly a smal I number of the changes possi bl e i n
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the connecti ve ti ssue prote'i ns or thei r syntheti c or

degradati ve pathwâys, they are ì i keìy to represent many of

the changes i n regi ons of functi onal importance (excì ud'i ng

those wh'i ch may be lethal during early embryogenesis);

changes which have little or no effect on function do not

cause a disease.

The work presented i n thi s thesi s focusses on thi s

approach to ana'lyse f uncti onal ìy 'important structures of

human type I colìagen. In this "Introduct'i on", therefore,

the literature on the structure and biosynthesis of coìla-

gen i s di scussed, al though not 'i n great detaì I as the area

has been summarised well in a number of recent reviews

(Bornstein and Sage, 1980; Hanwood, 1979; Bornstein and

Tratlb, I979; Fessler and Fessìer,1978). Rather, this

rev'i ew considers, (1) the structure and expression of

collagen genes, (2) the genet'ic diseases of colìagen and

(3) the spec'i f ic aims of thi s proiect.

T .2. THE STRUCTURE AND BIOSYNTHES IS OF COLLAGEN.

Earìy ultrastructural anaìysis of skin and tendon

col'l agen (Hal I et al . , 1942) revea'l ed a pattern of regul ar

cross-stri at'i ons, whi ch, f or many years was consi dered to

be a defining characteristic of all collagen. Howeven, as

d'i f f erent cl asses have been di scovered, it has been

realised that the higher order structure which gives rise

to the banded appearance under the E.M. , vi Z. , a "quarter-

stagger" of colIagen molecules into ìong fibri1s, is only

found to any I arge degree for i ntersti ti al col I agen; other

collagen types have different higher order structures.
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I.2.i. Structure of Types I, II and III.
I ntersti t'i al coì l agen mol ecuì es are rod-ì'i ke struc-

tures composed of three pepti de chai ns (see Tabl e I .1. )

called "c-chains", each of which is twisted approx'imately

one compl ete left turn pen three residues; the three chains

are wound into a very stable right-handed helix. The ìong,

cent ral regi on If or exampì e, 1014 ami no aci ds per cha'i n f or

cal f type c 1 (I ) (see Hof mañî j!_3]_., 1978 )l has g'lyci ne as

every thi rd ami no aci d, and a ì arge proporti on of lysi nes

and prolines which are post-translationally hydroxylated

(see below). Short globular domains flank the helical

region Ifor sixteen amino acids at the chick cr 1(I) amino

termi nal (Hurl ei n et al . , 1978 ) and e'ither twenty-f i ve

(F i etzek et a'l . , 197?; Rauterberg et al . , I972) or twenty-

s'i x (fuller and Boedtker, 1981) at the ch'i ck a 1(I) carboxy

termi nal ].
The cr-cha'i ns are coval ent'ly cross-l i nked both to each

other and to adi acent col ì agen mol ecul es vi a reacti ve al de-

hydes enzymatically generated from peptidyl ìys'i ne and

hydroxylys'i ne residues (reviewed by Tanzer, 1973) and, for

type III collagêr, intramolecular (Chung and Mi'l ìer, 1974)

and intermolecular (Cheung g!_jl., 1983) disu'l phide cross-

1 i nks. These cross-l i nks stabi I ì se the tri ple hel i ces i nto

1ong, rêguìar fibriìs with the colìagen molecules axially

staggered with respect to one another by about 67 nm (Hodge

and Schmi tt, 1960 ) and a I ateraì packi ng whi ch appears to

i nvoì ve I nm di ameter mi crofi bri I s, perhaps composed of

four moìecules (Parry and Cra'i g, 1979). The fibrils
fu rther aggregate i nto I arge fi bres that are vi si bl e under

the 1 i ght mi croscope.
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I .2. i i . Structure of 0ther Col ì agens

Al though aì I coì ì agens are composed predomÍ nant'ly of

the unique tripìe helical structure described above, not

al l contai n a si ngl e uni nterrupted stretch of "glyc'i ne-X-Y"

sequence. 0ther vertebrate and some i nvertebrate col 1 a-

gens have one or more gì obul ar domai ns 'i nterspersed

throughout the hel'i x, thereby giving ri se to a range of

di fferent hi gher order structures.

T.ype IV

Schuppan et aì . (1980), who part'i aì ly sequenced the

mouse a 1 (IV ) chai n, f ound both I arge and short di scont'i nu-

it'i es in the tripìe hel i x, the ìatter of which resemble the

si ng'le am'i no acid substituti ons i n the col I agenous chai ns

of Clq, known to result in a distinct bend in the pnotein

(ni ea, 1979 ) . The a-chai ns are cons i derabìy 1 arger than

those f ound i n i ntersti ti al co'l 'l agen and it i s possì bì e

that they ar"e not proteolytically processed (see below).

Direct visuaìization of type IV collagen using rotary

shadowi ng techni ques (Timpl et al ., 1981 ) has reveal ed a

conti nuous f our-armed matri x, although a mi nor spec'i es has

f i ve arms (Uadri et al ., 1983 ). Th'i s organi sati on accounts

for the amorphous appearance of coì ì agen ì n basement

membranes.

Type V

Little is known about the structure of this type.

The cr-chai ns are of simi I ar I engths to the i nterst'iti al

types, but thei r ami no acid compositi on suggests that they

may contai n non-col I agenous domai ns, perhaps resembl i ng

those in type IV.
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Type VI

Although not sequenced, this class resembles types I,
II and III in that it probabìy consists of a continuous

triple helix ioining two globular domains (0dermatt j!_3I.,
1983 ). However, 'its consti tuent c-chai ns are approxi mately

haìf the ìength of those in types I, II and III and its
higher order structure is noveì. Rotary shadow'i ng eìectron

microscopy (Furthmayr e.!-g]-., 1983) has revealed a tetramer

arranged as two dimers, each formed by lateral assocìation

of collagen molecules'i n anti-paralìeì fash'ion, with a

30 nm staggêF, cross-ì'i nked at thei r ends to generate

scissors-l'i ke structures. This tetramer is ìikely the

bas'i s of a filamentous form of type VI collagen.

I nvertebrate Coì I aqens

Col I agen has been i dentì fi ed i n a ì arge range of

invertebnate species (see Table 1 in Adams, 1978) by ultra-
structural means. For species of most phyì a, its structure

appears to resembl e vertebrate ì ntersti t'i al coì 1agen,

aìthough a wjde range of c-chain s'i zes is observed. There

are, however, some notabl e di fferences; nematodes and some

i nsects Ie. g. Drosophi I a (De Bì asi and Pi I otto , 1976) but

not the ìocust (Ashhurst and Bailey, 1980)l appear to lack

st ri ated fi bri I s.

The genes for one Drosphi I a (Monson g! i'l ., 1982) and

two nematode (KrameF g!-{., 1982) collagens have recentìy

been i sol ated. Sequenci ng has reveal ed di sconti nu'iti es i n

thei r hel i cal regi ons and so the hi gher order structures of

these col 1 agens may resembl e vertebrate type IV.
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I.2.i'i i. Bios.ynthesis of Collagen

Col I agen c-chai ns are transl ated on ER-bound ri bo-

somes as pre-pro-col l agen pepti des, the structures of wh'i ch

have been reviewed in detail by M'i ller and Gay (1982). The

pre-pro leader sequence i s proteolyt'i caì ly removed duri ng

traversal of the membrane by the peptide. Blobel and

Dobberstei n (1975) suggest that such processi ng events are

coupled to translation, but Randalì (fggS) argues against

this.
As the pepti de enters the ci sternae, a number of

post-transl ati onal modi fi cati ons occur (see bel ow).

Assemb'ly of the col l agen mol ecuì e occu rs concomi tant'ly wi th

these modi f i cati ons and probab'ly i nvol ves a'l i gnment of the

a-chains by the canboxy-propeptìde.

A number of proì i nes are enzymat'icaì ìy hydroxyì ated

by pro'lyl hydroxyìase, which appears to recognise the

F-turn conformat'i on of nascent procoìlagen. The hydroxy-

latìon process results in a "straightening out" of this

conformation'into the linear tripìe helical form of native

collagen (Chopna and Ananthanarayanan, 1982). It would

seem that hydroxyì ati on of prol'i nes proceeds pari passu

wi th hel i x formati on and that as the hel i x forms, sterì c

hi ndrance I imi ts the number of proì'i nes that can be

modified.

Another enzyme, lysyl hydroxyl ase, i s al so acti ve at

this time; it converts some lysine residues to hydroxy-

lysi nes. Some of these hydrosylysi nes are subsequently

glycosylated, pêrhaps to prevent their oxidative deamin-

ati on to al dehydes (Yamauchi g! =!. , 1982 ) . Thi s reacti on

of ìysi nes and hydroxylysi nes, catalysed by lysyì oxi dase
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duri ng the assembìy of mature col ì agen mol ecul es i nto

f i bri I s generates react'i ve groups abl e to f orm cross-

linking aìdo'l s and aldimines.

Matu re, modi f i ed procoì I agen mo'l ecuì es are exocytosed

vi a the Gol gi . Speci fi c extracel I ul ar proteases remove the

propeptides, although there are confl i cti ng data as to when

this occurs. Davidson et al. (1975), and others since

then, have shown that the amino-propeptide 'i s removed

before the carboxyì-propeptide, and that both are removed

prior to, oF concomitantly with, assembly into fibrils.
However, us'i ng specif ic antibodies, Fleischmajer et al.
(1983) have demonstrated the presence of amino-propeptides,

but not carboxyl -propepti des, wi th a peri odi ci ty of

approximately 60 ñffi, in newìy formed embryoni c types I and

I I I f i bri l s. Smaì l amounts of ami no-propept'i de v{ere al so

detected 'in adult human sk'i n type I (only in small fibriìs)
and type III (in 20-80 nm fibrils). These wonkers postu-

I ate that fi bri I formati on i nvol ves the deposi ti on of pN-

col I agêñ, (i .e. col l agen wi th the ami no-propept'i de sti 1l

attached) w'ith the am'i no terminal protease perhaps exer-

ci si ng a rol e i n regul ati ng fi bri 1 growth.

The method by whi ch fi bri I s sel f-assembl e i n vi vo i s

not wel I undenstood.

I.3. COLLAGEN GENES AND THEIR EXPRESSION

The fì rst, al bei t i ndi rect, anaìyses of coì ì agen

genes were undertaken us'i ng RNA popul ati ons physi ca'l 1y

enri ched for procol 1 agen sequences (Benveni ste S!_31 ,.
1973; Frischauf g!_¡[., 1978). Isoìation of such RNA was

faciì'itated by the fact that although many cell types (even
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those not general ly associ ated wi th connecti ve ti ssue, such

as hepatocytes [D'i egelmanr j!-g]-., 1983; Sabêr g!-{.,
19831) are capable of synthesising collagêñ, some cell

types, notabìy chi ck embryo cal vari a (pari etal and frontal

bones), devote most of their protein synthesizing activity
to the synthesi s of type I procol I agen (Boedtker et al .,
1974 ).

Si nce these early experiments, mol ecul ar c1 ones of

the genes coding for a number of colìagen types, from a

number of species, have been constructued, although the

genes and messengers for chi cken type I, especi al 1y the pro

c 2 ( I ) chai n, remai n the best characteri sed.

I.3.'i . Coììaqen mRNA

Col I agen c-chai ns are transl ated from I arge (see

Table I.2.) polyadenylated (Boedtker g!-3!., 1974) mRNAs.

The size heterogeneity observed, têPresents, for the human

(Chu et al ., igeeU; MyerS üI., 1983) and chick (Aho et

4., 1983) pro c 2(I) mRNA at least, multiple transcripts

encoded from the same gene but varying in the length of

the'i r 3'untranslated reg'i ons. Similar size heterogene'ity

of 3' ends has been observed for the transcri pts of other

gene systems. Setzer et al (1982) have ident'i fied seven

cytop'l asmi c, polyadenyì ated transcri pts ari si ng f rom the

mouse di hydrofol ate reductase gene, and Early et al (1980)

have shown that an immunogì obul i n u gene can generate two

messengers. Hhilst it is clear that the variant antibody

messengers have a functional role (they give rise to

products which differ at their carboxy termini, thereby

generati ng secreted or membrane bound forms IRogers et aì.,



T ABLE 1.2.

Size of mature collagen mRNAs, determined by northern blot analysis

(Alwine et dl., 1977), coding for different (-chains and from different

organisms.

(' represents nminor species.")

TRANSLATION ORGANISM
PRODUCT

(pre-pro a(-chain)

SIZE IN BASES REFERENCE

I (I) Chick 6400*
5600'
4900
7l0o*
5000

Rave E[ al. (1979),

Adams e! aL (1979).

2 (r) Chick 5100 Rave E! aL (1979)

Adams Et al. (lqzq)5700*
5200

l (rr) Chick 7000*
5300

Yuorio 9! a!. (1982)

l (rrr) Chick 6000 Yamada
(1982a)

e!. aL.

I (r) Human 7200
5900

Chu e1. ¿1. (1982a)

2 (r) Human 6200
5700
5500*

Chu et al. (1982a)

Cuticle or basement
membrane type.

Drosonhila 6400 Monson et al. (1982)

Cuticle type C. elesans 1200 Kramer et Al. (1982)
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19801), it is possible that both the dihydrofolate reduct-

ase and coì ì agen polymorph'i sm menely ref l ect a ì ess than

perfect fidelity of processing prior to polyadenylation. It
'i s though that most 3' tenm'i ni of polymerase II transcri bed

genes are generated by endonucìease cìeavage, iust 3'to
the AAUAAA sequence, of a transcri pt whi ch may have

extended 1 kb or more fu rther 3' Isee Pnoudfoot, 1982].

Extensi ve sequence analysi s of mol ecul ar cl ones made

from chicken pro c 1(I) and pro c 2(I) mRNAs (Fuller and

Boedtker, 1981; Tatê j!_el., 1983) and human pro o1(I)

(Chu et al., 1982a) and pro c 2(I) (Bernard et aì., 1983)

messengers has, ì n addi tì on to provi di ng pnote'i n sequence

data ( see Tabl e I .3. ) , reveal ed some of the st ructu ral

features of these RNA spec'i es (see Figure I.1.). They are,

in most respects, tVpical eukaryot'ic messengers. Howeven,

the ch'i ck pro c 2(I) messâ9Ê, at ìeast, has two AUG codons

5' to the one used f or i niti at'i on of transl at'i on (wh'i ch

gives rise to the pro a-chain). l.lhether or not short

pepti des are ever transl ated f rom these upstream AUGs 'i s

not known, although Vogeìi et al (fggf) have postulated

that they are unavailable for translatìon 'i nitiation due to

thejr involvement in secondary structure.

Analysi s of codon usage for both chi cken and human

c-chai n domai ns i nd'i cated a strong thi rd base pref erence

for U and C in codons for glycine, proline and alanìne,

although a simi I ar preference for codon usage was not seen

for the propepti de domai ns.

I.3.ii. Collaqen Gene Structure

The exi stence of di sti nct cì asses of col I a9êñ,



TABLE I.3.
Reg'i ons of coì ì agen f or whi ch the ami no aci d sequence

has been deduced from DNA sequenci ng analysi s of cDNA

cl ones.

CHAI TI ORGATII ST.I sPAt{ 0F DEDUCED SEQUEI{CE
(ltutrggR oF Al{INo AcID

RES r DUES )

REFERENCE

ct 1(I) Ch'i ck Res'idue 813 - TAA codon
(473 resi dues )

Fuller
B oedt k
(1e81)

and
er

cr 2(I) Ch'i ck Residues 1 89 Tate et
at . (f%3 )

Ful I er and
Boedtker
(1e81)

Resi due 813 - TGA codon
(360 res'i dues )

0 1( I ) Human Res'i dues 247 - 3Lz
787 - 861

Chu et a1 .
(1e82ãl-

Fi nal. 72
carboxyl

res i dues at the
termi nal .

c 2(I) Human Residue 533 - TAA codon
(740 resi dues )

Bernard et
a1 . ( 198TI-



Fiqure I.1

Structure of collagen mRNAs, determined from sequence analys'is

of cDNA clones:

Chick c 2(1); Fuller and Boedtker, l98l; Tate et al.,1983.

Human o 2(1); Bernard et aì.,1983.

Ch'i ck a 1(1 ) ; Ful I er and Boedtker, 1981 .

Human a 1(1); Chu et aì., 1982a.

1.

2.

3.

4.

* See text.
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composed of a-chains whose primary sequence is unique to

that cìass, suggests that the coììagens are encoded by a

muìti gene fami 1y.

In vertebrates, thi s fami 1y must contaì n at ìeast

f i f teen members to account f or the known a-chai ns (So'l omon,

1980). However, it is likely that th'is est'imate of the

f ami ìy si ze w'i ì I need to be revi sed to account f or:

(a) The genes of variants of aìready characteri sed

types, such as the vari ant bovi ne c 1( I ) cha'i n ident'i f i ed

by Yamauchi e!:!. (1982), although whether on not this
represents a new gene, as these workers su99est, oli s

merely an aìleìic variant, such as that found by Driesel

et al. (1982), is open to question.

(b) Variants such as the human c 1(I)-like gene

cìoned by Weiss et al. (1982), shown by Chu et al. (1982a)

not to be the c 1(I) gene predominantìy expressed in normal

human fibroblasts, and possibìy a pseudogene.

(c) The genes cod'i ng for as yet uncharacteri sed

vari ant col 1 agen types.

Southern bl ot ana'lysi s i ndi cates that the nematode

genome also has a family of colIagen genes, with fifty or

more members (KrameF g!_4., 1982).

Very little is known about the gross organ'i sation of

the col ì agen gene fami ly. The uni que human c 2 ( I ) gene

(Dal sl e'i sh et al ., 1982) has been unambi guously I ocaì i sed

to the reg'i on Tpter + 7q22 (Soìomoî S!_{., 1983), suggest-

ing that the mapping of human type I procollagen sequences

to chromosome L7 by Church et al. (fgAO) might have been of

the c 1(I) gene. l{hether or not any of the coìlagen genes

exist in a clustered array, as is common for other gene



14

famiìies, such as the chicken histone genes (HarVeJ É al.,
1981) is not known.

In contrast to the small amount known about the

genomi c organi sati on, h'i ghìy detai I ed analyses of the

structure of some col 1 agen genes, especi aì ly the chi ck

c 2(I) gene, have been made.

Vertebnate Coì ì aqen Genes

Vogeì i et al. (1980), 0hkubo et al. (1980) and l,{ozney

et al. (1981a) have 'i solated overìapping genomic clones

containìng the entire ch'i ck cr 2(I) gene. It is ìarge

(38 kb), it contains many (at least forty-nine) 'i ntrons and

'it has a hi gh'ly ordered pattern of exons. Analyses of the

3' halves (i.e. êrìcoding the carboxyl halves of the pro-

teins) of the sheep (Boyd et aì., 1980; Schafer et al.,
1980 ) and human (Dal gl e'i sh et al ., 1982 ) c 2 (I ) genes r

the mouse a 1 (I ) gene (Monson and McCarthy, 1981 ), the

chick c 1(III) gene (Yamada et aì., 1983a) and an entire

human c 1(I)-like gene (t^leiss e.!=!., 1982) have revealed

that these features are typi cal of vertebrate col I agen

genes.

tlhiIst the chick c 2(I) gene conta'i ns the greatest

numben of introns so far identified in a singìe gene, some

other eukaryotic genes also are highly interrupted Ifor
example, the 2L kb Xenopus viteììo geni n Al gene contai ns 33

i ntrons (wanl i et al ., 1980 ) l. The pattern of thì s

i nterrupti on i n col 1 agen genes (descri bed beì ow) i s,

however, somewhat unique and may reflect the evolutionary

ori gi ns of these genes.

Initiaì R-ìoop analysis (Schafer gl{., 1980; t.lozney

et aì ., 1981b) reveal ed that the exons codi ng for the
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hel i cal regi on of the protei n were smal ì (approx'imate'ly

100 bp or I ess ) . The 'i nt rons ranged 'i n si ze f rom about

100 bp to about 3 kb. Detai I ed sequence anaìys i s of the

ch'i ck c 2 (I ) gene (Yamada gf :]_., 1980; Di ckson et al .,

1981; l^lozney et al ., 1981a) nevealed that, of the s'i xteen

exons spann'i ng the hel i cal negi on sequenced, ei ght were

54 bp long, turo were 108 bp (54 x 2), four were 99 bp

(108 - 9) and two were 45 bp (54 - 9) ìong. Furthermore,

ten adjacent exons spanning amino ac'i d residues 175 to 411

were found to alternate in size between a large (99 bp or

108 bp) and a small (45 bp or 54 bp) exon.

Exons spann'i ng the reg'i on cod'i ng f or both the ami no

and carboxyì globular clomains of col'l agen are, however, not

simply based'in size upon 54 bp t mult'i ples of 9 bp.

l,lozney et al (1981b) showed exons 1 to 4 (numbered from the

3' end) to be 444 bp, 243 bp, 189 bp and 249 bp respect-

i ve'ly (aì though Di ckson et al . (1981) f ound exons 3 and 4

to be 191 and 247 bp respect'i veìy) and Tate et al. (1983)

found exons 49 to 45 (numbered from the 3'end) to be 203

bp,11 bp,18 bp,36 bp and 84 bp respectively.

Comparison of the four exons encod'i ng the carboxyì

termini of chick a 2(I). and'c 1(III) collagens (Yamada

et al ., 1983b) has revealed s'imilarit'i es both in exon size

and nucl eoti de sequence. I f one deducts the sequence enco-

ding the 3' untranslated region, exons 1 and 2 of c 2(I)

and c 1(III) are ìdentical 'in length and exons 3 d'i ffer in

length by on'ly 1 (or 3) nucleotide(s). Furthermore, 'i n the

m'i ddle of exon 2,48 out of 49 nucleot'i des are ident'i cal

between cr 2(I) and c 1(III) and 44 out of 48 are identical

between c 1(I) and c 1(III). Sim'i lar degrees of homology

have been observed i n the same regì on ì n other ch'i ck and
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human coì I agen genes (Tol stoshev and Soì omon, 1983 ) .

A1 though thi s sequence encodes the un'i que carbohydrate

attachment site of the carboxyl propeptide and so

presumably nequires a conserved amino ac'id sequence, it is

not cl ear why a conserved nucl eot'ide sequence i s al so

required. It is possib'l e that thjs sequence is the DNA or

RNA binding site for âñ, as yet unidentified, reguìatory or

processing moìecu1e.

Myers et al . (1982 ) have i denti fi ed two bì ocks of

mi ddì e nepeti t'i ve sequence i n both the human a 1 (I ) and

cr 2(I) genes, located in the 3'untranslated region and the
'l arge 3' i ntron.. Al though the sequences are not conserved

between these two genes, their positions are conserved.

These wonkers propose (although they prov'i de no evidence to

suppont this proposition) that these sequences are hotspots

of recombi nati on.

The promoter el ements of the chi ck a 2 ( I ) gene

(Vogel i et aì. 1981) are typ'i cal of those f ound 5' to

eukaryoti c genes transcri bed by RNA poìymerase II . the

TATA box,33 bp 5'to the adenine mapped as the CAP site
(Mer'l ino et aì., 1981 and 1982) is ident'i caì in sequence

and posi ti on to the consensus sequence (Br"eathnach and

Chambon, 1981 ). The CAT box (GCCCATTGC ) exhi bi ts some

differences from the consensus sequence (eefCAATCT) , but

its distance 5' from the CAP site (79 bp) is typical.
The sequence spanni ng 160 bp of the promoter 5' to

the CAP site contai ns three regions of dyad symmetry.

These potential'ly are able to give rise to three mutuaì1y

exclusive stem and loop structures, none of which encompass

the TATA box, but all of which 'i nvolve, to varying degrees'
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the CAT sequence. It i s not known whether such

are able to form in vivo (Courey and l,lang, 1983)

they do, it 'i s conceìvable

reguì at i on of exp ress i on of

Inv ertebrate Col I aqen

structures

, but'i f
role in thethat they may play a

th'i s gene.

Genes

In contrast to the vertebrates, the i nvertebrate

coì I agen genes that have been exami ned, v'i 2., two nematode

cuticle genes (Kramet j!-9I., 1982) and a Drosophila

cut'icì e or basement membrane gene (Monson et al . , 1982 ) ,

have a si mpl e and compact structu re.

0f the 1.5 kb, of the 9.2 kb Drosoph'i I a cl one

sequenced, only 81 bp are occupied by intron sequences.

the remai ni ng cod'i ng regì on i s organ'i sed 'i nto two ì arge,

uni nterrupted bl ocks. The total s'i ze of the gene i s not

known, nor are any data regard'i ng promoter structure

availabìe.

The nematode genes, col -1

pred'i cted CAP s i te to the AATAAA

and col-2, span from the

sequence, âpproximateìy

1295 bp and e'ither 1009 or 1323 bp (i.e. there are two

AATAAA sequences ) respecti veìy. 
-Co1 

-1 contai ns two i ntrons

(102 bp and 52 bp long);:_gl-2 is interrupted by a single

47 bp intron. Sequences resembìing TATA and CAT boxes are

apparentìy present 60 bp and 100 bp 5'to the col-1 AUG

respect'i vely (al though no data aÌ"e avai I abì e).

I.3.iii. EVOLUTION OF COLLAGEN GENES

Yamada et al . (1980 ) have suggested that the

primordi al coì I agen gene was a 54 bp I ong sequence codi ng

for a functionaì domain (Gilbert, 1978) wh'i ch, by genet'i c

means, was dupl i cated 'i nto a tandem array, wi th each 54 bp
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unit separated by a block of DNA whose transcript was able

to be recogn'i sed by a spl i c'i ng mechani sm as an i ntron.

They suggest that I arge col ì agen genes were generated by

recombi nati on withi n i ntrons. 0ther functi onal regi ons of

coììag€ñ, the telo- and pro-peptides wene added by

recombi nati on between DNA f I ank'i ng thei r gene domai ns and

DNA fì anki ng the primordi al co1 ì agen gene. In additi on,

they suggest that the collagenous sequences in C1q and

acetyl chol i nesterase may have been deri ved f rom th'i s

primitive 54 bp un'it.

Comparison of the nucleot'i de sequences of eight mouse

c 1(I) exons (Monson and McCarthy, l981), five of which are

54 bp and three iO8 bp, has nevealed a considerable degree

of homology. In four of the ten possible pa'i rwise compar-

ìsons of the 54 bp exons, the homology was direct, suggest-

ing that they may have arisen by a dupìication event. In

three cases, maximum homology was observed when the

sequences were staggered by 10 bp. Homoìogous recombin-

ation between these pairs would generate 45 bp and 63 bp

'l ong sequences, the f ormer of wh'i ch have been i denti f i ed i n

the ch'i ck a 2 ( I ) gene. 0ther staggered homol ogi es were

observed, notabìy a 76?', homology between a 108 bp exon and

a 54 bp exon at a 46 bp stagger. The 108 bp exon may have

ari sen by homoì ogous recombi nati on between a 63 bp exon and

a 54 bp exon staggered by 46 bp (see Figure I in Monson and

McCarthy, 1981). It 'is not cl ear how the aì ternati ng

pattern of large and smalì exons, seen in the chick a 2(I)
gene, ffiâV have ari sen.

Thus, it seems possible that the early collagen gene

may have arisen by a combìnation of a duplìcation of a
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54 bp unit, fusion of other domains (coding for non-helical

reg'i ons ) and homol ogous recombi nati on between exons, the

latter process being ìimited by the strict requirement to

mai ntai n a regul ar protei n structure (9 bp encodes one

Gìy-X-Y tri pì et ). Additi onal restrai nts on recombi nati on

or random mutatj on by the necessi ty to mai ntai n speci fi c

nucl eoti de sequence i n vari ous negi ons (for exampl e, the

conserved region encoding the carboxyl propept'i de

carbohydrate attachment site) have 1 i kely aì so pì ayed a

rol e.

Al though evi dent i n al 1 vertebrate col 1 agen genes

exam'i ned to date, sêquences rel ated to a 54 bp stnucture

have not been f ound i n 'invertebrate co1ì agen genes. Thi s

may refìect an independent orig'in for the invertebrate

collagens. Alternatively, it may indicate that the

vertebrate coììagens have been subjected to evolutionary

constra'i nts di f f erent f rom the invertebrate col I agens.

I.3.iv. EXPRESSI0N 0F C0LLAGEN GENES

Analysis of the steady state levels of type I

procoì ì agen messengers 'in RNA i sol ated f rom whol e organs

and cuìtured cel ls by transìat'ion (Rowe et al ., 1978; Moen

ìiquid hybridization (Parker and F'itschen, 1980) assays has

reveal ed a st rong correì ati on between rates of p rocol I agen

synthesi s and the I evel of speci fi c messenger present. The

reducti on i n the rate of type I procoì I agen synthesi s

induced by e'i ther Rous sarcoma virus (RSV) (Sandemyer and

Bornstei n, 1979; AdârIìs {{., 1979 ) or SV40 (Parker et

4., 1982) transformation of cultured fibroblasts was found
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al so to be d'i rectìy correl ated wi th the ì oss of speci f i c

mRNAs. Furthermore, Avvedimento et al. (1981), using

i ntron speci fi c probes, showed a decrease i n the I evel of

the nuclear RNA precursors to c 2(I) coìlagen in RSV

transformed fi brobl asts.

These resul ts suggest that the rate of transcri pti on

'is the major determi nant regul ati ng the rate of type I
procoì'l agen synthesi s. However, anaìysì s of proco'l I agen

synthesi s i n both cul tured foetal I ung fi brobl asts (Tol sto-

shev et al., 1981a) and foetal sheep skin (Toltoshev et

4., 1981b) has shown that both the rate of i ntracel ì ul ar

procoì ì agen degradati on and the effi ci ency of uti I i sati on

of procol'l agen mRNA play an important role in regulat'i ng

col I agen product i on.

The ef f i c'iency of transl ati on of coì l agen mRNA may

involve a negative feedback step. l,liestner et al. (1979)

have demonstrated that the type I procoì I agen ami no-

terminaì extension peptìde, p¡ c 1(I) - Col-1, can specifi-

cal'ly i nhi bit type I coì ì agen bi osynthesi s i n cul tured

fibroblasts. This inhibition occurs at the level of

translat'i on (Pag'l ia et al ., 1979 and 1981); the peptide

acts to'inhibit e'ither polypeptide chain elongation or

termi nati on (Hurl ei n et al ., 1981). It i s an 'i ntri gu'i ng

possibi'l ity that the p¡ c 1(I)-Coì-1 peptide may exert its

ef f ect by destabi ì i si ng secondary structure (Vogel'i 9!- âl .,
1981) at the 5'end of the mRNA, thereby allowing one of

the al ternati ve AUG codons to be used for transl ati on

in'itiation. The resuìt of this would be the production of

either an hexapepti de or a tetrapeptide, nather than the

normal col I agen propeptide. l,lhether or not propeptide
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medi ated i nh'i bit'i on of transl ati on occurs natura'l ìy

i s not known.

I n vl vo

Although production of collagen protein is stable and rigidly

controlled under conditions of constant environment (Breul 9l-41., 1980) a

variety of external f actors, including prathyroid hormone (Kream et al.,

1980) ascorbic acid (Rowe and Schwarz, 1983) and 5-bromo-2-deoxyuridine

(pawlowski et al., l98l) cause substantial changes to collagen mRNA levels

and hence collagen biosynthesis. Chondrocytes, which normally produce type

II collagen, can be reversibly induced, by growing them in a monolayer

cultune, to sw'itch to type I synthesis (Aenya and Shaffer,

1982). Surpris'i ngly, there'i s a lag of several days

between the appearance of c 1(I) mRNA and c 2(I) mRNA

du ri ng the sw'itch to type I synthes'is (Duchene et al . ,

1982) ind'i cating that the mechan'i sm(s) wh'ich normaì'ly

regul ates co-ord'i nate expressi on of these genes at a pro

cr 1(I):pro c 2(I) ratio of 2zI (Vuust, 1975; Vuust fu'l .,

1983) 'i s not aìways rigidìy controlled.

A number of approaches have been used to i nvest'i gate

co'l ìagen gene expression durìng earìy embryogenesis.

Ultrastructural anaìysis (Trelstad et al ., 1967) has

reveal ed that type IV coì l agen 'i s present i n the ch'i ck

embryo as ear'ly as gastruìation, and immunofluorescent

studies (von der Mark et al ., 1976) have identified type II

co1ìagen at stage 15 and type I coìlagen at stage 77 of the

ch'i ck embryo. Merì i no et al . (1983) detected both type I

coììagen mRNAs in 2-day chick embryos and found DNase I

hypersens.itivity sìtes upstream from the c 2(I) gene in 2-

day embryo DNA (ttre appearance of DNase I hypersensitiv'ity
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si tes correl ates w'ith the potenti al of that gene to be

transcri pt'i onally active [Eìgin, 1981]). Expression of

collagen genes in mice, or the other hand, appears to occur

somewhat ìater; the lack of functional a 1(I) genes is not

lethal until day 13 of embryonic life (Schne'i ke et âl_.,

1983).

In nematodes, collagen mRNA is undetectable by

cytol ogi caì hybri d'i zati on unti I the 100 cel1 stage (Edwards

and I,lood, 1983 ) .

I GENETIC DI SEASES OF COLLAGEN

There is a cons'i derable amount of evidence (for

example, see Eyre, 1981) to impìicate aberrant co'l lagen as

be'i ng the underlyi ng def ect 'in a number of the rare,

heritable d'i sorders of connectì ve ti ssue of both man and

other mammal s.

Trad'i tionally, these diseases have been grouped

accord'i ng to the nature of the clinical symptoms that they

produce. l,lhi I st such a cl ass'i f icat'i on i s usef ul f or the

purposes of treati ng pat'i ents, it can be m'i sl ead'i ng f or the

purpose of ident'i fying the lesìon. For example,'investi-
gat'i on of col ì agen synthes'is 'i n cel I s f rom two pati ents

exhi bi ti ng the same symptoms of Ehì ers-Danl os syndrome IV

(f OS IV ) reveal ed that one f a'i I ed to make any type I I I

col I agen (Gay et al ., 1976 ) whereas the other synthes'i sed a

normal amount of type I II but secreted only a smal I amount

(Byers et al., 1981a). Clearly, the site of the lesion in
these two patients 'is very different.

As the mol ecuì ar natu re of some of the col I ageno-

path'ies has been reveal ed, it has become possi bl e to group

4
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these di seases i nto three general cl asses, dependi ng on the

site of the defect, !å.,
(1) Primary, ìnvolving the sequence, transcri ption

or t rans I at i on of col ì agen genes .

(2) Secondary, involving the post-translational

modi f icat'i on, assembìy or secreti on of coì l agen pept'i des.

(3) Tertiary, 'i nvolvìng interactions between

col ì agen and non-col ì agen el ements of connect'i ve t'i ssue.

I.4.J. PRIMARY COLLAGENOPATHIES

To date, only a smal I number of abnormal col ì agens

resulting from simple mutations (subst'itutions, deletions

or insertions of one or more bases) have been described,

aìthough a number of cases exi st where such mutati ons are

ì mpl'i cated.

Insertions/Deìetions

Perhaps the best characteri sed codi ng regi on mutati on

i s one whi ch has gi ven n'i se to the symptoms of osteogenes j s

'imperfecta, type II (0I II). Although there is evidence

'impl i cati ng e'ither a decreased concentrat'i on or decneased

translation efficiency of pro c 1(I) mRNA (Penttinen et

g]-., 1975; Steinmaoñ e.9j]-., 1979), Barsh and Byers (1981)

have shown there to be two eì ect rophoreti caì 1y separabì e

pro c 1(I) chains. One of the c 1(I) aìleles ìn this

pat'i ent has recently been shown to contai n a 500 bp

del eti on (Chu et al ., 1983 ).
Byers et al . (1981b) have ana'lysed both i sol ated

protei n (sy nthesi sed i n v'i vo and transl ati on products (I_

v'itro) f rom a Marf an syndrome pati ent and have f ound an
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'i ncrease 'i n the moì ecul ar we'i ght of hal f of the cr 2 (I )

chai ns, correspondi ng to an i nserti on of approximateìy

twenty amino ac'i ds. This 'insertion was located, by peptide

mapping, in the helical region, towards the carboxyl

term'i nal of the protei n.

The consequence of such an a'ltered c 2 chai n 'is

likely a reduction of cross-ìink'i ng, rêsulting in the

observed increased solubility in non-denaturing solvents of

th'is patient's sk'in coì'lagen (Siegeì and Chang,1978).

It i s ì nteresti ng to specul ate that such an 'i nserti on

might have arisen as a dupìication, during recombination,

of a 54 bp exon in one c 2(1) allele; sequence analysis of

this allele should enable accurate identificat'i on of the

nature of the les'i on.

The absence of c 2(1) chains 'i n coì'l agen secreted by

the f ibrobl asts of an 0I I pati ent (N'i chol I s et al . , 1979 )

appears al so to i nvoì ve a del eti on. Thi s del eti on has been

mapped to the 3' ends of both pro c 2 (1 ) al I el es (P'i hl ai a-

mìena, c'ited in Sykes, 1983) and presumab'ly results'i n

peptides unable to be incorporated into the tri ple hel'i x.

In addition, 'it has been reported (Deak et aì., 1982) tnat

pro c 2(1) mRNA from this patient ìs ìnefficientìy
transl ated.

Poi nt Mutati ons

Steinmann et al. (1980) have found that half of the

c 2(1) chains of a patìent with Ehlers-Danlos syndrome,

type VI I, retai n thei r am'i no-termi nal propepti des. Si nce

the I evel of ami no-termi nal propept'idase was f ound to be

normaì , it seems I i kely that the defect resuìted from a

mutation at the region encoding the peptidase cleavage site
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of one pro c 2(1) allele.
The presence of an unusual , di su'l phì de bonded

cyanogen bromide peptide from a patient with 0I II
(Steinmann, cited 'i n Sykes, 1983) 'impìicates a glycine to

cysteine subst'itut'i on in a pro c 1(1) allele.
Expression Mutations

F ranci s et aì . (1981 ) have demonstrated an i ncreased

ratio of c 1(III):a 1(I) 'i n skin biopsy from eighteen

patients w'ith 0I I. It is postulated (Pentt'i nen et al .,
L975 ) tfrat thi s resul ts from a decreased rate of type I

synthesis rather than either an increased rate of type III
synthesi s or an i ncreased rate of type I degradati on.

de trlet et al . (1982 ) have observed a decreased rate

of c 2(I) in three patients with 0I II and Barsh et al.
(1982) have examined three 0I I patients who synthesised

only hal f the normal amount of pro c 1 ( I ) .

It i s 1i kely that neduced synthesi s of co'l l agen

chains may result from the same types of les'i ons that g'i ve

ri se to the thal assaemi as.

The most common thal assaemi as ane the Ê+ ( reduced

levels of ß-globin) and Êo (total absence of B-globin)

types.
+The g thal assaemi as thus f ar stud'i ed at the

molecular level appear to result from e'ither aberrant

processi ng of pre-mRNA (Spritz et a'l ., 1981; l,lestaway and

tli I I i amson, 1981; Spence lU] ., 1982 ) or decreased stabi l -

'ity of the mRNA (Ni enhui s et al ., 1977 ) .

A number of d'i f f erent I esi ons appear to cause the ß"

diseases, includ'ing:-

(a) abnormal processing of pre-mRNA, as indicated by
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the presence of nucl ear B-gl ob'in RNA, but the absence of

cytopl asmi c Ê-gl obi n sequences (Comi et al . , I977 ) caused,

i n one 'i ndi v'i dual at ì east, by a mutat'i on at the 5' spl i ce

juncti on of the I arge 'i ntron M2 (Bai rd et al ., 1981).

(b) f ai I ure to transl ate apparentìy nof"mal mRNA.

Spec'i f ic I esi ons i ncl ude the presence of suppressabl e

nonsense mutations in the cod'i ng region (Cfrang et al .,

1979) and an apparently defective in'it'i ation codon in one

individual (01d et a1 ., 1978).

(c) delet'i ons in non-cod'i ng regions of the RNA

(Fl avel I et aì ., 1979 ). There 'i s al so ev'idence that

de'l eti ons 'i n the, DNA can act 'in c'i s over I ong di stances

(Fnitsch g!__{., 1979).

The I ess common a-thal assaemi as generaì ìy appear to

have anìsen as the result of deletions of whole genes.

I.4.ii. SECONDARY COLLAGENOPATHIES

0f the 'i nheri ted col ì agen di seases thus f ar

'i nvestigated, those diseases resuìting from the reduced, or

absence of, activity of processing enzymes const'itute the

majority.
Enzymes whose aberrant act'i vì ty has resul ted i n

collagen d'i sease include ìysyl hydroxylase (Krane et al .,

I972) , 'lysyl oxi dase (Byers et aì ., 1980 ) , ami no-termi nal

propept'i dase (Li chtenstei n l! âì ., 1973 ), cystathi oni ne

synthetase (Kang and Trelstad, 1973), homogentis'i c acid

oxidase (MurFaJ g!-e]-., 1979) and an unidentif ied, intra-
celluìar, copper-binding pnotein (Goka g!:!., 1976).

It is likeìy that a range of lesions will be

i denti f i ed i n these aberrant enzymes. Qui nn and Krane
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(1976 ) have shown that 'i n some cases of EDS VI , the def ect

in ìysyl hydroxylase'i s not at'its catalyt'i c active site
but at 'its cofactor b'i nding site.

I .4. i i.i . TERTIARY COLLAGENOPATHIES

Primary and secondary defects of co'l ìagen are

mani fested by thei r effects on connecti ve ti ssue. I n some

cases, these lesions also affect the non-collagenous

components. For exampì e, lysyl oxi dase 'i s requi red f or

cross-link formation in elastin, and so deficiency of this
enzyme will result in faulty elastin as well as fauìty

col I agen (Di Ferrantê et aì . , 1975 ) .

Some primary def ects of non-coì I agenous connect'ive

t'i ssue components have been i nvesti gated. Spondyì oepì -

physeaì dyspl asi a pati ents appear to have abnormal proteo-

g'lycan metabol'i sm (Byers et aì . , 1978 ) . Both domi nant and

recessive forms of epìdermolys'i s bullosa have been shown to

resul t from el evated 1 evel s of ski n col I agenase (Bauer et

al ., 1977 ). 0ther di sorders i n whi ch aberrant col I agenase

have been 'impl'i cated exi st, but 'it seems 'l i kely that the

'i nvol vement of th'i s enzyme may be a secondary ef f ect.

I .5. AIMS OF THE PROJECT

Analysi s of both normal and aberrant coì 1 agen genes

and thei r transcri pts at the mol ecul ar l eveì r'equi res the

use of gene probes of high purity and specific'ity. Recomb-

inant DNA technology enab'l es the constructìon of such

p robes.

At the time that the work descri bed i n thi s thesi s

r,ras i ni ti ated, îo human col ì agen sequences had been
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converted to recombi nant f orm. The aim of th'i s proiect,

therefore, was to cl one human col I agen gene sequences whi ch

coul d subsequently be used as probes for the analysi s of

both collagen gene expression and the nature of the lesions

i n the natu ral ly occu ri ng mutati ons. I n addi ti on, DNA

sequence analysis would enable the primary structure of the

human a-chai ns to be el uci dated.

Thi s thesi s descri bes the mol ecul ar c1 onì ng and

characteri sati on of sequences encodi ng human type I

col I agens.



CHAPTER II

IIATER IALS AND METHODS
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II.1. ABBREVIATIONS

Abbreviations were as described in "Instructions to
Authors" (1978). In addition:

BCIG 5-b romo-4-chl oro-3- i ndol yl - B-D- gal actos'ide

bi s N,N'-methyl -bi sacryl ami de

BSA bovi ne serum al bumi n

DMEM Dul becco's modi fi ed Eagl e's medi um

DMS O d'imethyl sulphox'ide

DTT dithiothreitol

FCS foetal cal f serum

HEPES N-2-hydroxyethyl pi peraz i ne-N' - 2-ethane-

sul phoni c aci d

I PTG i sopropyl -Ê-D-thi o-gaì actopyranosi de

PEG polyethyl ene glycoì

SDS sodi um dodecyl sul phate

II.2.
II.2.i.

MATERIALS

General Reagents and Materi al s

Reagents used were of techni cal grade, or hi gher,



30

purity. Most chemi cal s and materi aì s were

range of suppl iers, although the source of

to be critical for some incìuding:-

Materi al

obta'i ned from a

suppìy was found

Sou rce

B.R.L. Inc.,
Gaithersburg, MD., U.S.A.

Schìeicher and SchUll

GmbH, Dasse'l , F.D.R.

Schwa rz ll{an n , 0 ran gebu rg,

N.Y., U.S.A.

Low Gelling Temperature

Agarose

Nitrocel ìul ose Fi ìters,
BA8 5

Nucl ease Free Sucrose

0l'i go-dT-celìuìose, TyPe III

0pti caì Grade Caesi um

Chì ori de

PEG 6OOO

Trypsin 1:250

Harshaw Chem. Co., Sol on,

0H, U.S.A. or

Metaì I gesel I schaft AG,

Frankfurt, F.D.R.

BDH Ltd., Port Fairy,

Australia.

Di fco Laboratori es,

Detroit, MI., U.S.A.

Col ì aborati ve

tJaltham, MA.,

Research,

U.S.A.

The fot I owi ng reagents were 9i fts:
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Materi al

Chl orampheni col

32P-dNTPs

Tet racycl i ne

AMV RNA-dependent DNA-

polymerase ( reverse trans-

criptase)

Cal f i ntesti nal phosphatase

E. col i DNA-polymerase I

E. col i DNA- poìymerase I,

Sou rce

Parke-Davi s Pty. Ltd.,
Sydney, Australia.

R.H. Symons

Commonwealth Serum Labora-

tori es, Mel bou rne,

Austral i a

Gi ft from J.[,l. Beard and

the N.I.H. Cancer Program.

Si gma Chem. Co. , St. Loui s,

M0., u.s.A.

Boehri nger Mannheim GmbH,

F.D.R.

BRESA, Adeìaide, Australìa.

Boehri nger Mannheim,

BRESA.

l

i

I

I

I

I,
il,

I

I

II.2.ii. ENZYMES

Enzymes were obtai ned from the fol 1 owi ng sou rces:

E n zyme Sou rce

Kl enow Fragment
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E. coìi DN'ase I

Exonucì ease Bal -31

P ancreat'i c ri bonucl ease

Polynucì eoti de ki nase

Proteinase K

Restri cti on endonucl eases

S1 nucl ease

T4 DNA ligase

Term'i naì deoxynucl eoti dyl

transferase

Si gma Chem'i cal Company.

B.R.L. Inc.

Sigma Chem. Co.

Boehri nger Mannheim.

Boehri nger Mannhe'im.

New England B'i olabs Inc.

Bever'ly, MA., U.S.A.

Boehringer Mannheim.

Boehringer Mannheim.

Boehri nger Mannhe'im,

BRESA.

P-L Bi ochem'ical s

Milwaukee, t.lIS.,

I nc.

U.S.A.

lI .2.iii. Biological Reagents

Bacteri al St rai ns

1E392: E. coli F-, Eq R 51a (ri, r;) , Sp- E 1!1t, sup

F 58, lac Y 1, ; K Z,gal I ?,met B 1, trp R

-.55, tr . Gi ft from J.B. Egan.

JM101: E. coli ìag, -pg, sup E, !!4, Fl trad D 36, _p-!9
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AB, lac IQ, 7 
^ 

Ml5. Gift from A.J. Robins.

MC1061: E. col i ara D 139, ¡ (9, leu) 7697, a lac

X74, gal U-, gal K-, hsr-, h.**, -str A. Gift f rom

R.P. Harvey.

Human Genomi c Li brary was constructed by Lawn, R.M.,

Maniatis, andBìake, G. and T.Fritsch, E.F., Parker, R.C.,

suppl'i ed by T. Maniatis.

Sheep Col ì aqen Genomaì Cl one (spcs) was ki ndly

supplied by P. Toìstoshev.

I I .3. METHODS

I I .3. i . Cul tu re of Human F'i brobl asts

(Magee and

All procedures

asept'i ca'l 'ly.

Medi a

Moo re , 1984 )

'i nvolv'i ng cultured cells wene performed

Two different media were routìneìy used,ll.!¿.,
(a) RPMI 1640 containing 2 mM glutamine, 24 mM sodium

b'icarbonate and 50 ug (50 U)/mì gentamicìn. .

(b) DMEM conta'i ning 4 mM glutamìne, 5.5. mM glucose,

L mM sodium pyruvate, 44 mM sodium b'i carbonate, 10 mM HEPES

and 50 u g (50 U ) /ml gent ami c'i n .

Both media were prepared with organic free, Fêagent

grade water and were fi I ter sterÍ ì i zed.

Growth and ha rvest i n q

Human foreski n fi brobl asts were obtai ned approximateìy

eight generations after establishment of the primary

cul ture. They were grown i n e'ither of the above medi a,
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plus 10% FCS (non-inactivated), at 37oC e'ither in sealed

bottles or in vented flasks 'in a hum'id atmosphere conta'i n-

ing 5% C02.. Culture vessels ranged in size from 25 r^2 to

400 ,^2 (roller bottles).
Cel ì s general ly were spì it two days af ter attai n'i ng

dense conf I uency, al though thi s ti me v,,as someti mes extended

to a week or more. The split ratio was lz2.
Fibroblasts were harvested for spf itting by f irst

wash'i ng the mono'l ayer tw'i ce for five minutes at 2L"C w'ith

PBS (137 mM NaCì,3 mM KC1,1.5 mM KHZP04,8 mM NatHP04)

and then incubating at 37oC w'ith a sufficient volume of

PBS, containing 0.1% trypsin, 0.6 mM NatEDTA, to cover the

cel I s. t^lhen the mono'l ayer was observed to begi n to I i f t,
the cells were detached by sharpìy stri king the side of the

cultune flask and then resuspended by trituration in either

growth medium (for spf itting into fresh flasks) or PBS (for

harvesti ng or storage ) . Those cel I s harvested i nto PBS

were washed by gentì e centrì fugati on (400 g).
S toraqe

I,'lashed cel I s were resuspended i n DMEM, mi nus HEPES,

conta'i ning 201, FCS and l0% DMS0, at a concentration of 4 x

106 cel ì s/ml , and heat seal ed i n 2 ml p1 asti c ampoul es.

The ampouì es were packed 'i nto cardboard tubes and I ef t
overnight on the top shelf of a -80oC cabinet. The next

day the ampoules were placed in liqu'id n'itrogen.

Cel I s were recovered by rapi d thawi ng at 37 oC,

f ol'l owed by d'i I uti on 'i nto growth medi um and pl at'i ng i nto a

su'itabìy sized culture vessel.
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I I .3. i'i . I sol ati on of Human Genomì c DNA

I sol at'i on of nucl ei

(a) from cUltured fibrobìasts

Cel I s were harvested, as descrì bed above, washed twi ce

in ice-cold PBS and resuspended in 5 mì /tO7 cells of ice-

cold 0.5% Trjton DF-16 in TE (10 mM Tris-Cl pH 8.0,1 mM

EDTA) by vi gorous vortexi ng. Nucl ei were recovered by

centri f ugatì on and resuspended i n a m'i n'imum voì ume of TE.

(b) from human placenta

(Marshall and Burgoyne, 1976)

Fresh pì acenta was f ine'ly chopped and approximate'ly

10 g vrere qui ckìy homogeni sed i n 20 ml of ll .6% sucrose 'i n

homogen'i sation buffer (2 mM EDTA, 0.5 mM EGTA, 60 mM KCl,

15 mM Ê-mercaptoethanol, 15 mM NaCl, 0.15 mM spermine, 0.5

mM spermidine, 15 mM Trìs-Cl pH 7.4).

The homogenate was fi ltered thnough musl i n and the

nucl ei pel I eted by centri f ugat'i on (16,000 _g_, 20 mi nutes,

4'C) through a 10 ml pad of 47% sucrose in homogenisat'i on

buffer. The supernatant was aspi rated and the crude

nuclear pelìet resuspended in a min'imum volume of TE.

Preparatìon of h'i S h mol ecul ar wei qht DNA

(Gross-Bel I ard É.q]-., 1973)

Nucl ei were added dropwi se to 10 vol umes of gent'ly

stirring 10 mM NaCl, 10 mM EDTA, 10 mM Tris-Cì pH 8.0, 0.5%

SDS, contai n'i ng 100 ug/mì protei nase K and i ncubated at

37oC for four hours. Li berated DNA was gentìy phenoì

extnacted three times and ìow molecular weight contaminants

removed by extensi ve di aìysi s agai nst TE. RNA was removed

by'i ncubat'i ng at 37"C for four hours w'ith 20 ug/ml

pancreatic RN'ase (previously heated to 80oC for 20 m'i nutes
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to destroy DN'ase activity) followed by phenoì extraction

and extensi ve d'i alysi s agai nst TE '

DNA was stored at 4oC'

II.3.iii. Pre D aratì on

Al I Procedu res involving RNA vlere carried out at 4oc

us'i ng steri 1e sol uti ons and gì assware '

Iso 1at'i on fr om chick emb r vo ca ì vari a

Method 1 (Seeburg et al " 1977 )

Calvaria (parietal and frontal bones) vleÌ'e removed

from fi fty 16 day-ol d chi ck embryos and snap-frozen i n

ì.iquidnitrogen..Frozentissuewashomogenised.inwarmTM
guanidinium-HCl, 20 mM Tris-Cl pH 7'5' 1 mM EDTA' l%

sarkosyìNL-gTinaDouncehomogeniserinafinalvolumeof
20 rnl , and RNA pelleted by centrifugation through a 5'7 M

CsCl pad as descri bed (Seeburg et al " 1977 ) '

TheclearRNApeììetswereresuspendedinTE

contai ni ng 5% sarkosyl and s% pheno'l , adiusted to 200 mM

NaCl and extracted w'ith an equaì vol ume of phenol /

ch]oroform.RNAwasprecipitatedfromtheaqueousphaseby

theadditionof?'Svolumesofethanolandrecoveredby
centrifugation'

RNA was stored at -80oC as an ethanol precipitate'

Me thod 2 (Chirgwin it al" 1979; J' Brooker'

ers . comm.

Ca]var.iafromfiftyl6day-oìdembryoswere
homogen-

ised in a Dounce homogen'i ser in 7 ml of 6 M guanidinium-

HCl, 200 mM Na-acetate pH 5'2 and 1 mM ß-mercaptoethanol

and the RNA precipitated by the addition of Vq volume of

of RNA

of RNA
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1 M acetic acid, I/I0 volume of 2 lr1 K-acetate and an equaì

volume of ethanol. The precip'itate was recovered by

centri f ugati on (16,000 -g_, 15 mi nutes, 0"C) and resuspended

'i n hal f the ori g'i naì vol ume of 6 M guan'id'i n'ium-HCì , 200 mM

Na-acetate pH 5.2, 10 mM EDTA. RNA was re-precip'itated

wi th an equal vol ume of ethanol , recovered, resuspended and

re-preci pi tated usi ng the same procedure.

After recovery, the pe'l ìet was dissolved in 10 ml of

25 mM EDTA and extracted with an equal volume of phenol/

chloroform. Two volumes of 4.5 M K-acetate pH 6.0 were

added to the aqueous phase and the RNA I eft to preci p'itate

overni ght at -20oC. The prec'ipi tate was pel I eted by

centrifugat'i on (16,000 g, 15 minutes, 0'C) and any

contam'i nat'i ng DNA and I ow mol ecul ar wei ght RNA di ssol ved 'in

? l'4 Li Cl . Hi gh mol ecul ar wei 9ht RNA was centri f uged out of

the LiCl solution, d'i ssolved in water, adiusted to 200 mM

NaCl and ethanoì prec'i p'itated.

RNA was stored at -80oC as an ethanol precì pitate.

I sol ati on of RNA from cuì tu red human fi brobl asts

Fi brobl asts were 'lysed in Triton/TE and the nucl ei

removed from the lysate as descri bed above (Secti on

I I.3. i i . ). The 'lysate was extnacted with an equal vol ume

of phenol /chl oroform, the aqueous phase adiusted to 200 mM

NaCl and the RNA precipitated by the addition of 2.5

vol umes of ethanoì .

RNA was stored as an ethanol precipitate at -80"C.

II.3.'i v.

Sìze

Preparative Fractionat'ion of RNA

fracti onati on

RNA was resuspended in 10 mM Tris-Cl pH 7.5, 1 mM
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EDTA,0.5% SDS, heated at 65"C for 5 m'i nutes, snap ch'i lled

on ice and centrifuged (180,000 !, 16 hours, 4'C) on 10%

40% ì'i near sucrose in 10 mM Tris-Cl pH 7.5, 1 mM EDTA

grad'i ents. RNA was identif ied by its absorbance at 254 nm

and the desired fractions co'l 'l ected, adjusted to 200 mM

NaCì and ethanol prec'i pitated.

Sele ctì on of ooì v (A)+ RNA (Avi v and Leden, I972)

0.2 g of o'l i go-dT-cel I ul ose were suspended i n several

ml of water and poured 'into a smal I col umn. Af ter f I ushi ng

wìth 100 mM Na0H, the column was equilibrated with high-

salt buffer (0.5 M NaCl , 2O mM Tris-Cì pH 7.5, 1 mM EDTA,

0.1% sDS )

RNA was dissolved in water, heated at 80"C for 3

mi nutes then snap-chi I ì ed on i ce, adiusted to h'i gh-salt

buf f er condi t'i ons and appì'i ed to the col umn. El ut'i on of

unbound RNA w'ith high-salt buffer was mon'itored by its
absorbance at 254 nm. Unbound RNA was re-applied and re-

eluted.

Boun¿ tpoly(A)+l RNA was eluted w'ith 10 mM Tnis-Cl

pH 7.5,1 mM EDTA,0.05% SDS and ethanol precipitated.

Chromatography was performed at 25"C.

II.3.v. Restriction Enzyme Digest'i on and Analys'i s of DNA

Restri ct'i on di gesti ons

Restriction endonuclease digestion of DNA was

perf ormed usi ng the cond'itì ons f or each enzyme descri bed by

Davi s et al . (1980 ) . ATP (100 uM) was al so i ncl uded when

the restri cted DNA was to be I i gated. A two-fol d excess of

enzyme generaì ìy was used and the react'i ons were run f or an

hour, although this tìme was increased to up to e'i ght hours
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for preparati ve di gesti ons.

Reacti ons were term'i nated either by the additi on of

EDTA to 5 mM, fol I owed by phenol /chì oroform extracti on and

ethanol precipitation, or the addition of half a volume of

urea load buffer (4 M urea, 50 mM EDTA, 0.1% bromophenol

bì ue, 50% sucrose ) .

Aqarose q eì el ectrophoresi s

Anal yti cal

Agarose (0.7% - 2%) was dissolved in TEA (40 mM Tris-

acetate, 20 mM Na-acetate, I mM EDTA, pH 8.2) and cast

either in 14 cm x 14 cm x 0.3 cm I sl ab-geì

templ ates or on to 7 .5 cm x 5 cm m'i croscope sl'i des, f or

ho ri zont al geì s .

Verti cal geì s were el ectrophoresed between tanks

contain'i ng TEA at 65 mA for approximately three hours.

Hori zontal gel s were run submerged i n TEA at 150 mA for

approx'imately 15 minutes.

DNA was vìsualised by staining with 10 ug/ml eth'id'i um

brom'i de f on 5 mi nutes and exami nati on under UV ì'i ght.

Preparatìve

Low gel t'i ng temperature (LGT) agarose was dì ssol ved i n

TEA and cast ei ther i nto vert'i cal templ ates or on to hori -

zontal sì i des, as descri bed above. Eì ectrophoresi s was

carri ed out at 4oC.

DNA was detected by bri ef ethi di um bromi de stai ni ng

and the desired bands excised from the gel with a

sca'l peì . Two voì umes of 200 mM NaCì , 10 mM Tri s-Cl pH 8.0,

0.1 mM EDTA were added to the slice, and the agarose melted

at 65"C for 15 mi nutes. An equal vol ume of buffer-

satu rated phenol at 37 oC r{as added, the phases rapi dly
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mi xed then immedi ateìy separated by centri fugati on. The

aqueous phase was re-extracted w'ith pheno'l , then with ether

and the DNA ethanol preci Pitated.
Typi caì ìy, 60% of the DNA present 'i n any band v{as

recove red .

Polyacrvlamide g eì el ectrophoresi s

El ectrophoresi s of DNA species of less than about

1 Kbp in length was carried out on verticaì L4 cm x 14 cm x

0.5 mm gels conta'i n'i ng 4'1" - 201, acrylamide/bis (30:1)

polymerised in 90 mM Tris-borate, 2.5 mM EDTA, pH 8.3.

Electrophores'i s was performed at 250 V for approximately

90 mi nutes. DNA was vi sual i sed under UV l i Sht f ol l ow'i ng

ethidium bromide staining.

DNA fragments that had been fracti onated preparati vely

were exci sed from the gel and the DNA el uted ì nto two

changes of 200 ul 10 mM Tris-Cì pH 8.0,0.1 mM EDTA at 37oC

for between 1 and 16 hours. The eluate was adiusted to

200 mM NaCì and the DNA ethanol prec'i pÍ tated.

Ef f ic'i ency of recovery depended on the si ze of the DNA

fragments and ranged from 50-99%.

Transfer of DNA to nitroceìlu I ose and hvbri di zat'i on

w'ith a labelìed probe.

Restri cted DNA fracti onated on agarose sl ab geì s was

transferred to nitrocellulose filter paper us'i ng the method

of Southern (1975), as modified by Wahl et al. (1979).

P rehybri di zati on, hybri di zati on and wash'i ng cond'iti ons

were essentially as descriobed by l.lahì et al. (1979),

except that formam'i de and salt concentrati ons were altered

when very short probes were used (Kidd et al., 1983) and

both dextran suì phate and gìyci ne were omi tted from the
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hybridization mix.

l,lashed, dried, nitrocellulose filters were placed'i n

contact with X-ray fi tm and exposed at -80oC i n the

presence of one or two tungstate i ntensi fy'i ng screens.

Do t-blot analvsis of DNA (Kafatos et aì ., 1979 )

DNA (up to 5 ug/dot) was denatured in 0.5 M Na0H,

neutralised with HCl, an equal volume of 20 x SSC (3 M

NaCì, 0.3 M Na-c'itrate) added and the samp'le spotted on to

nitrocellulose filter paper damp with 20 x SSC. The

fi lters were then processed as descri bed above.

II.3.vi. Construction of a cDNA Li brarv

P reparat'ion of vector (Roychoudhury et al . , 1976;

A. Hobbs, per s . comm. )

12 ug of un-n'i cked pBR3ZZ DNA were cleaved with Pst 1

and 1 ug removed f or a p'i I ot ta'i 'l i ng reacti on. I nmol of

3H-¿etP was dri ed down and resuspended i n a 50 ul vol ume

contai ni ng 4 nmol dGTP, 200 mM Na-Cacodyl ate (twi ce

recrystaìized from ethanol: ether; V:V, 1:1) pH 6.9, 2.8 mM

Ê-mercaptoethanoì, 1 mM CoCl2, 10 ug BSA, I ug cut vector

and 6 U of terminal deoxynucleotidyl transferase and the

addjt'i on of poìy-dG nucleotide tails, at 30oC, wôs folìowed

by assaying the conversion of 3H-¿etp into a trichloro-

aceti c acì d-i nsoì ubl e form.

The time requ'i red to add 15 dG residues/3' end v{as

cal cul ated and the remai ni ng 11 ug of ì i near pBR322 was

tai I ed i n the 50 ul react'i on mi x f or that ti me. The

reaction was stopped by the add'ition of EDTA to 5 mM,

f ol I owed by pheno'l /chl orof orm extracti on. Tai l ed vector

was i sol ated f rom LGT agarose (Sect'i on I I .3. v. ) .
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. Synthesi s of the fi rst strand

(Efstrati adi s et al ., 1976 )

25 u9 of poly (A)+ RNA and 250 ng of oìigonucleotide

primer were co-prec'i p'itated with ethanoì, resuspended in

10 ul of 200 mM KCI, 10 mM Tris-Cì pH 8.30, heated to 100'C

for 5 mi nutes and i ncubated at 41 oC for three hou rs. The

mix was adiusted to 10 mM MgC'12, 60 mM KCl, 10 mM Trìs-Cl

pH 8.30,10 mM DTT,0.5 mM each of dTTP, dCTP, dGTP and

dATP, ?.5 u1 placental ribonuclease inhibitor and 25 U of

reverse transcri ptase added and synthesi s al I owed to

proceed for 45 mi nutes at 41 oC.

S.ynthesi s of the second strand

Method 1 (Land et al ., 1981)

After removal of the RNA templ ate, by al kal i ne

hydrolysis, and neutraìizat'ion, unincorporated nucleot'ides

and ol i gonucl eoti de primer sequences vlere removed by

centrifugat'i on through a 200 ul Sephadex G-50 column. The

f racti on conta'i ni ng the cDNA v',as ad justed to the taì l'i ng

cond'itions described above and approximately 20 dC res'i dues

added to the 3' end.

The tailing reaction was stopped by boiling the m'i x

f or 5 mi nutes and the cond'iti ons adiusted to those used f or

the synthesis of the first strand, in a voìume of 200 ul.
500 ng of ol jgo-dGg primer and 25 U of reverse transcrip-

tase were added and the second strand synthesised at 41oC

for one hour.

Synthesis was stopped by phenol/chloroform extraction

and the double stranded (ds) cDNA was fracti onated on a

Sephadex G-50 col umn.
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Method ? (Efstrat'i adis et aì., 1976)

The RNA template was degraded by boiìing for two

m'i nutes. The reacti on vol ume was i ncreased two-f ol d and

the conditions adjusted to those used for synthesis of the

fi rst strand. 25 U of reverse transcri ptase were added and

the second strand synthes'i sed at 37oC for sìx hours.

Synthesi s was stopped by phenol /chl oroform extracti on

and the ds cDNA fractionated on a Sephadex G-50 coìumn and

ethanol co-precipitated with 2 vg E. coli tRNA.

cDNA was resuspended 'in a 200 ul vol ume contai ni ng 200

mM NaCl,2 mM ZnS0O,50 mM Na-acetate pH 4.6 and 2000 U St

nuclease and incubated at 37oC for 20 minutes. The

reacti on was adjusted to 5 mM EDTA and phenol /chl oroform

ext racted.

Size selection, tai'l ing and anneal'i ng of ds cDNA to

tai ì ed vector

Double stranded cDNA was fractionated on a 10% - 40%

linear sucrose gradient (180,000 g, 16 hours, 4"C); 0.5 ml

f ract'i ons were col I ected across the gradi ent and d'i f f erent

s'i ze cl asses of ds cDNA were pooì ed and ethanol

preci pi tated.

An average of Z0 dC residues/3' end were added to the

ds cDNA usi ng the condi ti ons descrj bed above. The tai ì i ng

reaction was terminated by the add'ition of an equal volume

of 20 mM EDTA.

Half the tailed ds cDNA was annealed to 150 n9 dG-

tailed vector in 0.2 M NaCl, 10 mM Tris-Cl pH 8.0 by heat-

ing for 10 minutes at 65oC, incubating for one hour at 45oC

and finally aììowing the solution to cool slowly to 4oC.

The annealed DNA was stored at 4oC for at least 16 hours
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p ri or to t ransformati on .

Transformati on of E. col i
E. col i stra'i n MC1061 was grot{n overni ght at 37 oC i n

Luria broth (L-broth; l% bacto-tryptone, 0.5% yeast

extract,0.17 M NaCì, pH 7.0) and then diìuted I/so into

fresh L-broth and grown to an AOOO of 0.6. The cells were

chilled on ice for 30 minutes, pelìeted by centrifugation
(500 g, 5 minutes, 4'C) and washed in UZ volume of ice-

cold 0.1 M MgCl2. The cel ls were resuspended 'i n L /zo of

the originaì volume of ice-coìd, freshìy prepared 0.1 M

CaCl2 and stored at 4oC for between 4 and 24 hours.

0.2 ml of these competent cells were added to 0.1 ml

of the DNA (typicaììy 5 ng - 50 ng) in 0.1 M Tris-Cl pH

7 .5, and stood, w'ith occas'i onal mi xi ng, on i ce f or 30

mj nutes. The cel I s were heated at 42"C for two mi nutes,

kept on ice for a further 30 minutes and then allowed to

warm to room temperature. 0.5 ml of L-broth v,,as added and

the transformed cells incubated at 37oC for 20-30 minutes.

The transformed cclls were mixcd with 3 ml of 0.7% L-agar (at 42oC)

and plated on to 1.596 L-agar platcs containing l5 fZ/mt tctracycline.

Plates were incubated overnight at 37oC. Transformation frequencies were

always better than 106 per microgram of pBR322.

I I.3. vi i . Detecti on and Exam'i nati on of Recombi nant Pl asmi d

Cl ones

Col ony screeni ng (Grunstei n and Hogness, 1975 )

Col oni es from a transfornatì on were transferred by

toothpick to a master plate and to a sheet of

ni trocel 1 ul ose that had been boi ì ed three times i n

di stì ì I ed water and I ai n on to an L-agar pl ate contai n'i ng
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15 ug/ml tetracycì i ne. The col oni es v.,ere grown overni ght

on the nitroce'l lulose at 37oC, and the coìonies 'lysed by

transf erri ng the nitrocel ì ul ose sequent'i aì ìy on to 3 MM

paper saturated with 10% SDS for three minutes,0.5 N Na0H

for 7 m'i nutes, 1 M Tris-Cl pH 7.4 for two minutes, 1 M

Tris-Cl pH 7.4 for two minutes and 1.5 M NaCl, 0.5 M Tris-

Cl pH 7.4 for 4 m'i nutes. The n'itroceìlulose filter was

baked at 80oC, under vacuum, for two hours. Hyb¡i di zati on

and washi ng condi ti ons were as descri bed for Southern bl ot

experiments. In some cases, after the initi al

hybri di zati on and detecti on of coì on'i es, anneal ed probe v',as

removed from the. filters by boiì'i ng for 10 minutes 'in two

changes of distilled water. The hybrid'izat'ion procedure

was then repeated usi ng a d'i f f erent I abel l ed hyb¡i di zat'i on

p robe.

Mi ni screen exami nati on of pl asmi d recomb'i nants

(B'i rnboim and Do'ly, 1979 )

1 .5 ml cu 1 tu res of each recombi nant were grown over-

ni ght in L-broth contai ni ng 15 ug/ml tetracycl i ne. The

cells were pe'l leted by centri fugation for 30 seconds in an

Eppendorf centrifugê, resuspended in 100 ul of 15% sucrose,

?5 mM Tris-Cl pH 8.0, 10 mM EDTA, contain'i ng 4 tg/tl ìyso-

zyme, and i ncubated at room temperatu re for 5 mi nutes.

200 ul of freshly prepared, ice-coìd 0.? M NaOH, t% SDS

were added and the sol ut'i on gently mi xed and returned to

i ce f or 10 m'i nutes. t?5 ul of i ce-col d 3 M Na-acetate pH

4.6 were added and the solution incubated on ice fon a

fu rther 1 5 mi nutes.

Insoluble material was removed by centrifugation

(10 mi nutes, Eppendorf centri fu9ê, 4oC) and the supernatant
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phenol/chloroform extracted. Plasmid DNA was recovered

from the aqueous phase by ethanoì precip'itation,

resuspended in water an¿ L/s anaìysed by restri ct'i on

di gesti on and agarose gel el ectrophoresi s. I ul of 10

mg/ml DN'ase-free pancreati c RN' ase was i ncl uded i n the

rest ri ct'i on react'i on .

II.3.viii.
DNA

Large-Scal e Preparation of Recomb'i nant Pl asmi d

500 ml cul tu res of recombi nant cel I s were grown 'in L-

broth to an AOOO of 1.0 and then chl oramphen'i col added to a

f i nal concentrati on of 150 ug/ml . The cel l s were 'i ncubated

for 8-16 hou rs to al I ow ampl i fi cati on of the pì asmi d DNA

(Clewe'l l, 1972). Ceìls were harvested by centrifugatìon

(10,000 g, 5 minutes, 4oC) and p'l asmid DNA isolated by

ei ther Tri ton or al kaf i /SDS ìysi s.

Triton lys'i s method (Guerry et al., 1973)

cells were resuspended in 15 ml of 15% sucrose, 50 mM

EDTA pH 8.0, conta'i ni n g 12.5 mg of lysozyme and i ncubated

on 'i ce f or 15 mi nutes. 15 ml of 0.1% Tri ton X-100 , 62.5 mM

EDTA,50 mM Tris-Cl pH 8.0 were added, wìth gentle m'i xing

unti I the sol uti on was homogeneous and the sol uti on centri -

f uged (45,000 -g-, 30 mi nutes, 4"C ) . The supernatant 1ras

carefully removed and treated with ?0 ug/mì (final concen-

tration) DN'ase-free, pancreatic RN'ase, for 30 minutes at

37 oC and 50 ug/ml (fi nal concentrati on ) Protei nase K for 30

mi nutes at 37 oC. The Sol uti on was ext racted w'ith an equaì

vol ume of phen o1 | chl oroform and the aqueous phase di alysed

extensiveìy against 10 mM Tris-Cl pH 7-4,1 mM EDTA.

Following diaìysis, the solution was adiusted to 0.2 M NaCl
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and the DNA recovered by ethanoì precipitation. Contamina-

ting RNA was removed by fractionating the DNA on a Sephadex

G-150 column eluted with 0.2 M NaCl, 10 mM Tris-Cì pH 7.5,

1 mM EDTA. Pl asmi d DNA rlas i denti f i ed by its absorbance at

254 nm and ethanol precipitated.

Aì kal'i /SDS I vsi s method

Pì asmi d DNA was I i berated from the cel I s as descri bed

above f or the mi n'i screen method, except that the vol umes

were increased 40-fold, and plasmid DNA was treated w'ith

20 ug/ml DN'ase-free, pancreatic RN'ase prior to phenol/

chl oroform extracti on.

The ethanol prec'i p'itate was resuspended i n 1.6 ml of

v{ater, adjusted to 0.4 M NaC'l , 6.51" PEG, and the DNA

preci p'itated on 'ice f or one hou r. The prec'i p'itate was

recovered by centri fugat'i on (10 minutes, Eppendorf

centri fuge, 4'C), wôshed with 70% ethanol and dìssolved 'i n

water. Pl asmid DNA was stored at either 4oC or -20oC.

Isolat i on of suDercoi I ed DNA

Pl asmid DNA (approximately 200 ug) was resuspended in

7.00 ml HZ0/tube and 7.00 g so'l 'id CsCl added. In the dark,

0.700 ml 10 mg/ml eth i d'ium bromi de were added and the

m'i xture centrifuged at 2L0,000 g for 40 hours at 15oC. The

lower band was identified by brief exposure to weak UV

light and recovered. Ethid'ium bromide was removed by fjve

extractions with isoamyl alcohol and the DNA prec'i pitated

by the addit'i on of two volumes of water and six volumes of

ethanol . DNA was recovered by centrifugation and washed

three times with 70% ethanol.
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II.3.ix. Preparation of In Vitro Labelled DNA

R andom-p ri med reverse transcri pti on

(TayloF g!=!., 1976)

Random ol'i gonucì eot'ides were prepared f rom cal f -thymus

DNA as described by Tayìor et al. (1976). The synthesis of

cDNA v.,as carried out in a 20 uì reaction mix containing up

to 2 vg of mRNA, 1 mM each of the deoxyribonucleotides

dATP, dTTP, dGTP, about 0.1 mM o-32P dCTP, 50 mM Tris-Cl

pH 8.3,10 mM MgCì2,10 mM B-mercaptoethanol and the

o'l 'i gonucleot'i des to a final concentration of 2 nglml . 10 U

of reverse transcri ptase were added and the sol uti on

i ncubated at 41'9 for 60 mi nutes. The RNA templ ate was

removed by alkaline hydroìys'i s with 0.3 N Na0H for 15

minutes at 65oC, âfld the solution neutral'i sed by the

addìtion of HCI to 0.3 M and Tris-Cì pH 7.5 to 0.1 M. The

m'i x was extracted with an equal volume of phenollchloroform

and the aqueous phase loaded on to a 0.4 cm x 10 cm

Sephadex G-50 column and eluted with 10 mM Tris-Cl pH 7.6,

1 mM EDTA. 200 uì fractions were collected and the cDNA

detected by Cerenkov counting.

0l i qo-dT-or 'imed reverse transcri pti on

DNA compl ementary to poly (A)+ RNA was synthesi sed as

descri bed above, except that the random oì i gonucl eoti de

prìmers were replaced with 2.0 ug/mì f inal concentration of

oììgo-dTtg.

Ni ck-transl ati on of doubl e-stranded DNA

(Man'i atis et al ., 1975)

200 ng of DNA were labelled in a

mix conta'i ning 50 mM Tris-Cl pH 7.8,

25 ul reaction

5 mM MgCì2, 10 mM
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Ê-mercaptoethanoì , 50 ug/ml bovi ne serum al bumi n, 5 uM each

of 32p-dcTP and 32p-dGTP and 25 uM each of unìabelled dATP

and dTTP. The DNA was nicked by the addition of 20 pg of

E. coì'i DN'ase I and the reacti on was started by the

addi tì on of two uni ts of E. col i DNA-polymerase I. The

sol uti on was incubated at 15oC for 90 mi nutes,

phen ol / chl oroform extracted and the uni ncorporated

nucì eoti des removed by chromatography on Sephadex G-50 as

descri bed above. If the I abel I ed DNA was to be used as

hybridizat'i on probe, the DNA strands were separated by

boi I i ng the sol uti on f or two m'i nutes and then snap-cooì i ng

on i ce.

5'-end-l abel I i nq us'i nq ooì vnucl eot'ide ki nase

Pri or to I abel I i ng, DNA (up to 5 ug) general'ly was

dephosphorylated at 37oC for two hours 'in a 60 ul volume

conta j n'i ng 100 mM Tri s-Cl pH 8.0, 0.15% SDS and 0.12 U cal f
'i ntestinal phosphatase (previously dialysed against 100 mM

Tris-Cì pH 8.0, 1 mM ZnCl2). After dephosphoryìat'ion, the

enzyme was 'i nacti vated by heati ng at 65oC f or 5 mi nutes,

fol I owed by phenol /chl oroform extracti on. DNA was recovered

by ethanol precipitat'i on.

DNA was end-ì abel I ed i n a 10 ul voì ume contai ni ng

50 mM Tris-Cì pH 7.5, 10 mM MgCl2, 5 mM DTT, 0.1 mM spermi-

dine, dpproximateìy 50 pmoì ^(-3zP-ATP and 2 V of T4 poly-

nucl eoti de ki nase at 37 oC for 30 mì nutes. The sol uti on was

either" extracted wi th an equaì vol ume of phenoì /chl oroform

and the DNA recovered by ethanol prec'i pitation or analysed

directìy by gel electrophoresis.
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End-filì labell'i nq.

DNA fnagments (up to 5 ug) wi th 5'-overhangs wene

labelled in a 20 ul volume containing 50 mM NaCì, 5 mM

Tris-Cl pH 7.4, 15 mM MgCì2, 5 mM B-mercaptoethanoì, 0.1 mM

of an o-32P-dNTP compl ementary to at I east one base of the

5'-overhâñg, 0.5 mM each of the remaining dNTPs and 2lJ of

E. coli DNA-polymerase I, Klenow Fragment (Kìenow), at 37oC

f or 30 m'i nutes. When it was nequ'i red that the DNA

f ragments be repa'i red to bl unt-ends, unl abel I ed dNTPs wene

added so that all four wet'e at 0.5 ilM, an additional 1 U of

Klenow added, and the reaction continued for 15 minutes at

37oC. The react'i on was term'i nated by phenol/chloroform

extractìon and the DNA recovered by ethanol precìpìtation.

II.3.x. Isolation of Clones from a Recombinant Genomic

Library

Platinq and screen'i nq (Benton and Dav'i s, 1977)

0.25 ml of a suspension containing 7.15 x 104 pfu in

10 mM Tris-Ct pH 7.4, 10 mM MgCì2 were gently mixed with

0.5 ml of a mid-log phase culture of E. coì'i 1E392 in L-

broth and incubated at 37"C for 10 minutes. 9 ml of 0.7%

L-agar, containing 10 mM MgC12, at 42"C, were added and the

mixture poured on to fresh, dry 15 cm I.5% agar pìates

containing l% bacto-tryptone, 0.5% yeast extract, 0.57"

NaC'l , 0.2% glucose, 10 mM Tri s-Cì pH 7.5, 1 mM MgCl2.

Pl ates were i ncubated, i nverted, at 37 oC overni ght then

stored at 4"C to harden the agar.

An unwashed, l4 cm nitrocellulose disc was laìn on to

the pìate, ori entat'i on marks made wìth a needle and, when

uni formly wet, peeì ed off and pì aced on to fi I ter paper



51

satu rated w'ith 0.5 M Na0H, 1 .5 M NaCl f or one m'i nute and

then sequenti al ìy on to two fi lter papens saturated wi th

0.5 M Tris-C1 pH 7.4, 1.5 M NaCl for two minutes each. A

dupl i cate fi I ter was I ai n on to the pl ate, the o¡i entati on

marks al i gned and the fi lter processed as descri bed for the

f i rst f i lter.
Fiìters were air dried, baked at 80oC in vacuo for one

hour then pre-hybri di sed, probed and washed as speci fi ed

above f or Southern bì ots (Sect'i on I I .3. v. ) .

Autoradi ography was carri ed out for two days.

G rowth of 'phaqe

105 pf u/15 cm pì ate v,,ere absorbed on to LE392 and

pl ated as descri bed above. Pl ates were i ncubated ¡i ght-

side up overn'i ght at 37oC and then stored at 4oC. Plates

were overì ayed w'ith 10 ml PSB (100 mM NaC'l , 10 mM Tri s-Cl

pH 7.4,10 mM MgCl2) and the 'phage allowed to diffuse into

thi s sol ut'i on at 4"C f or ei ght hours. Debri s v',as removed

by centrifugation (10,000 -1, 5 minutes, 4oC) and the 'phage

prec'i pitated at 4oC for two hours by adiusting the solution

to 875 mM NaCl, 6% PEG. The floccuìated 'phage were

collected by centrifugation (10,000 g, 10 minutes, 4'C) and

resu spended i n 14 ml PSB.

Th'i s suspensi on Ì',as 'l ayered on to di sconti nuous CsCl

grad'ients contai ni ng 2 ml bì ocks of CsCl i n PSB, wi th

densities of p = 1..40 and p = 1.60 and centrifuged at

210,000 g for 90 mi nutes at 15oC. 'Phage parti cl es were

collected from the 1.40/1.60 interface and stored at 4oC.

DNA was iioìated from 'phage stocks by phenoì/

chl orof orm extracti on f ol'l ow'i ng the add'itì on of two vol umes

of 10 mM Tris-cl pH 7.4, 5 mM EDTA, and concentrated by
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ethanol preci pi tati on.

II.3.xi. Subclon'i ng DNA Fragments into Plasmid Vectors

Vector DNA was ì ì neari sed wi th a su'itabl e nestri cti on

enzyme, dephosphoryl ated and purì fi ed from uncut vector by

passagi ng through an LGT-agarose gel.

Restri cti on fragments to be subcl oned were prepara-

ti veìy i sol ated from either sucrose gradi ents or LGT-

agarose or polyacryl ami de gel s.

L'i gation of insert ìnto vector was done 'in a 20 ul

volume conta'i ning 20 mM Tris-Cl pH 7.6, 10 mM MgCì2, 10 mM

DTT,0.6 mM ATP, ìnsert and vector DNA and 0.5 U T+ DNA

1i gase at 4-15oC f or 4-16 hours. Suf f i c'i ent vector to gì ve

a two-f ol d mol ar excess ovelinsert general ly was used,

al though the concentrati ons of both 'i nsert and vector were

sometimes optimised according to the mathematical treatment

of Dugaiczyk et aI. (1975).

Recombi nant mol ecul es v,lere transf ormed i nto MC1061,

sel ected and characteri sed as descri bed above (Secti ons

II.3.vi and vii).

II.3.xii. G'i lbert and Maxam DNA Seouenc'i nq Procedures

. (Maxam and Gi ì bert, 1980 )

End-l abel I i nq DNA mol ecul es

DNA mol ecul es were I abel ì ed at ei ther thei r 5'-ends

(by kinas'i ng) or their 3'-ends (by end-fiII IabelIing) as

descri bed above (Secti on I I .3. i x. ).
To i sol ate DNA I abeì I ed at onì y one end, ei ther

secondary restriction cìeavage was performed and the

products electrophoresed on a 6% polyacrylamide geì, or the
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DNA strands separated by heating at 90oC for 2 minutes in

40 ul of 30% DMS0, 1 mM EDTA pH 8.0, 0.05% xylene cyano'l

FF, 0.05% bromophenol bl ue and eì ectrophoresed on a 5%

poìyacrylamide gel with a 50:1 acrylamìde to bis rat'i o.

Base modi fi cati on

End-l abeì I ed DNA was di ssol ved 'i n 30 ul of water and

divided into four aliquots G(5 ul), A + G (10 ul), T + C

(10 u1) and C(5 ul ). 1 ul of carrier DNA (E. coli DNA,

1 mg/ml ) was added to each aì i quot before commenci ng the

modi f icat'i on reacti ons.

(a) Modi fi cat i on of quani ne onl y

200 ul of Cacodyì ate buffer (50 mM Na-Cacodyl ate

pH 8.0, 10 mM magnes'i um chìoride,0.1 mM EDTA) and 1ul of

di methy'l sul phate were added to the al i quot and the neacti on

mixture incubated at either 21oC for l'2 minutes (for

restrjct'i on fragments) or 37oC for 15 minutes (for

synthetic primers). The reaction was stopped by the

addition of 50 ul of G stop mix (3 M Na-acetate, pH 6.0,

2.5 M B-mercaptoethanol , 1 mM EDTA, 0.1 m9/ml E. co'l i

tRNA ) , 1 ml of ethanol added and the DNA prec'i p'itated at

-800c.

(b) Modificat'i on of adeni ne and quani ne

25 uì of formic acid were added to the A + G aliquot

and incubation was at 2I"C for 1-? minutes for restriction

fragments and at 37oC for LZ minutes for synthetic

primers. 250 uì of A + G stop mix (0.3 M Na-acetate pH

6.0, 0.1 mM EDTA,25 ug/ml E. coli tRNA) and 1 ml of

ethanoì were added bef ore preci p'itati on at -80"C.

(c) Modi f i cati on of cytosi ne and thymi ne

10 ul of water and 35 uì of hydrazine were added to



54

the C + T aliquot, with 'i ncubation at either 21oC for tl/Z

to 4 mi nutes for rest ri cti on fragments or 45 oC for 18

m'i nutes for synthetic primers. 250 ul of C + T stop mix

(0.3 M NaCl, 0.1 mM EDTA pH 7.6, 25 u9/m1 E. coli tRNA ) and

1 ml of ethanol $rere added and the m'i x preci pi tated at

-900c.

(d) Mod'i fication of cytosine only

15 ul of 5 M NaCl and 35 uì of hydraz'i ne were added to

the C af iquot w'ith incubation at 2l.oC for 2-5 minutes (for

restri ct'i on f ragments ) or at 45oC f or 18 mi nutes (f or

synthet'i c primers), followed by the addition of ?.50 ul of C

stop m'i x (0.1 mM.EDTA pH 7.6, ?5 u9/ml E. coli tRNA) and

I mt of ethanol at -80"C.

After centrifugation all sampìes were washed w'ith 70%

ethanol to remove res'idual reagents, têpreci p'itated by the

add'itÍon of 300 ul of 0.3 M Na-acetate pH 6.0, and 1ml of

ethanoì at -80oC f or 15 m'i nutes, then centri f ugêd, washed

again with 70'1" ethanol and evaporated to dnyness in a

vacuum.

Base nemoval and strand sci ssi on

Al I sampl es were redi ssol ved i n 100 ul of freshìy

prepared 1 M pipenidine, heated at 90"C for 30 minutes and

then evaporated to dryness in a vacuum. The DNA was then

redissolved 'i n 25 ul of water and again evaporated to

dryness befone dissolving in formamide ìoading buffer (80%

deionised formamide, 0.01% bromophenol blue, 0.01% xylene

cyanol FF, 0.1 mM EDTA).

Thi s method di d not remove the p'i peri d'i ne ef f i c'iently

and it was later decided to dissolve the DNA sampìes in

95 ul of water after the first evaporatìon step and then
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ethanol pnecipitate the DNA by adiusting to 0.2 M NaCl and

adding 250 u I of nuclease free ethanoì at -80"C. The DNA

pel'l et was then washed and dri ed i n a vacuum bef ore beì ng

di ssoì ved i n f ormami de 'loadi ng buf f er. Thi s method removed

the majori ty of the pi peri di ne and gave cl eaner DNA sampì es

for I oadi ng.

Sampl es were heated at 90oC f or two m'i nutes then

qui ckìy chi'l I ed on i ce bef ore I oadi ng on to 40 cm x 40 cm

0.3 ffifl, 61" - 201" polyacrylamide geìs contajning 8.3 M

urea. Gels were pre-warmed (by pre-electrophoresis at h'i gh

current) and debris and urea removed from the wells prior

to I oadi ng. El ectrophores'i s was perf ormed at 30 mA. Af ter

electrophoresis,'ge1s vlere fixed with 1.7 M acet'i c ac'id for

five minutes, washed with 4 I of 20% ethanol and baked at

110oC f or 30 mi nutes. Autorad'i ography was carri ed out at

room termperature fon between 30 mi nutes and four days.

II.3.xiii. Subcloning into M-13 'Phage Vectors

Preparatì on of M-13 repl i cati ve-form (nf¡ DNA

(t^li nter, 1980 )

To 3 ml of 0.7% L-agar, at 45oC, wene added 20 ul BCIG

(8 mg/ml in d'imethylformamide), 20 ul IPTG (8 mg/ml in

water), 0.2 ml JMl0f (AOO0 = 0.6) and 0.1 ml of diluted

M-13 'phage (approx'imately 200 pf u). This mixture was

poured on to a 1.5% agar in 2 x YT (1% yeast extract, I.61"

bacto-tryptone, 0.5% NaCl, pH 7.0) pìate and incubated at

37oC for t hours.

A bl ue pl aque was sel ected, toothpi cked i nto 1 ml of

2 x YT broth and grown with shaking for 6 hours. Mean-

whi'le, a 10 ml cul ture of JM101 f rom a si ngì e col ony on a
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m'i ni mal gl ucose pì ate was grown to an AOOO of 0.5, and

added to 1 ìitre of 2 x YT. l,Ihen the AOOO of this cuìture

reached 0.5, the I mì of 'phage sol uti on was added and

gt'own f or 4 hours. Rep'l i cati ve f orm M-13 DNA was prepaned

by the aì kaì i /SDS method descri bed above (Secton

II.3.viii.).
Li qati on and transformati on

M-13 (mp 83 or mp 93) vectors were prepared and

ìigations performed as described above (Section II.3.xì).

Competent cel I s were prepaned by growì ng JM101 to an

AOOO of 0.6 'i n 2 x YT-broth, harvesting by centrifugation

(500 g, 5 minutes, 4oC) and resuspending in freshly

prepared 50 mM CaCìr. Cells were used after storage at 4oC

for at least 4 hours, but up to 9 days. One fifth of a

ì i gati on mi x was added to 0.2 ml of competent JM101 and

I eft on i ce for 40 mi nutes. The cel I s were heat-shocked at

42"C for 2 minutes and then added to 3 ml of 0.7% agar

containing 20 ul BCIG (8 mg/mì), 20 ul IPTG (8 mg/ml), and

0.2 mì of exponenti al JM101 (AOOO 0.05 ). The m'i xtu re was

plated on 2 x YT-agar pìates and grown for 9'I2 hours at

37 "C.

P reparati on of templ ates for sequenci nq

Recombi nant pl aques were toothpi cked i nto 1 ml of

2 x YT containing 2 ul of overnight JM101 and grown with

shaking for 6 hours at 37oC. Cells vrere pe'l leted by cen-

tri f ugat'i on i n an Eppendorf centri f uge f or 5 mi nutes. To

each supernatant were added 0.2 ml of 2.5 M NaCì, 20% PEG

6000 and, after I eavi ng at room temperatu re for 15 mi nutes,

the 'phage pelìet was collected by centrifugation. After

removal of aì I the supernatant, the pe1 1 et was resuspended



57

in 0.1 ml of 10 mM Tris-Cì PH 8

extracted wi th an equal vol ume

aqueous phase was re-extracted

and ethanol preci p'itated. The

cent ri f ugat'i on, resuspended i n

8.0,0.1 mM EDTA and stored at

Compl ementari ty testi ng of

.0, 0.1 mM EDTA and

of neut ral i sed phenol . The

w'ith 0.5 mì of di ethyì ether

'phage DNA was col I ected by

25 uì of 10 mM Tris-Cl pH

-20 "c.

si nql e-stranded M-13

recomb'i nants

To determi ne whi ch strand, of a part'i cul ar sub-cl oned

DNA fragment, was present i n a si ngì e-stranded M-13 recomb-

inant (ssM-13 clone), hybridizatìon anaìys'i s was carnied

out using an arbitrari'ly selected, oP previousìy sequenced,

ssM-13 c'lone, as a ref erence.

1 ul of the ssM-13 clone to be tested was added to

1 uì of reference ssM-13 cl one and ì ncubated wi th 1 ul of

10 x Hin buffer (100 mM Tris-Cl pH 7.4, 100 mM MgCl2, 500

mM NaCì) at 65"C for t hour.

2 v\ of I oad'i ng buf f er were added and the sampl e was

electrophoresed on a horjzontal, l% agarose 9êl , next to

2 v\ of reference clone (pìus 2 v\ loading buffer), until

the dye had moved the des'i red di stance. The DNA was

v'i sual i sed af ter ethi di um bromi de sta'i ni ng. S'i ngl e-

stranded M-13 cl ones with i nserts ident'i cal to the

ref erence cl one co-m'i grate with the ref erence, whereas

clones with the complementary strand are retarded as they

have hybri di zed to the reference, thereby doubì i ng thei r

moì ecul ar wei ght.
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II.3.xiv. D'i-deoxy Sequencing Procedures

(Sanger et al ., I977 )

Hybri dì zati on

2.5 ng of uni versal pri mer (17-mer) were anneal ed to

1 ug of M-13 si ngl e-stranded templ ate i n a 10 ul vol ume

containÍng 10 mM Tris-Cl pH 7.4, 10 mM MgCIZ by incubating

at 70"C for 10 minutes,3ToC for 10 minutes and 25oC for 10

mi nutes.

Poìymerìsation

4 u'l of o-t'r-dGTp (approxìmate'ly 16 uci ) were

lyophi I i zed, the hybri di zati on mi xture was added, vortexed

to resuspend the labeì and then 1 ul of 10 mM DTT was

added. 1.5 ul each of the appropriate zero mix (To for

ddTTP: 10 uM dTTP, 200 uM dCTP, 200 uM dATP, 5 mM Tris-Cl,
pH 8.0,0.1 mM EDTA; C" for ddCTP:200 uM dTTP,10 uM

dCTP, 200 uM dATP, 5 mM Tris-Cl, pH 8.0, 0.1 mM EDTA; Ao

for ddATP:200 uM dTTP,200 uM dCTP,10 uM dATP,5 mM

Tris-Cì, pH 8.0,0.1 mM EDTA; Go for ddGTP:200 uM dTTP,

200 uM, dCTP, 2o0 uM dATP, 5 mM Tris-C1, pH 8.0, 0.1 mM

EDTA) and ddNTP solutìons (0.3 mM ddTTP, 0.15 mM ddCTP,

0.5 mM ddATP, 0.35 mM ddGTP, each 'i n water) were added

together. 2 ul of the zero m'i x - ddNTP mi xtures were added

separately to four Eppendorf tubes ("reaction tubeS").

1 ul of Klenow fragment (0.5 U) was added to the

hybridization mixture - label - DTT solut'i on. 2 ul of this

f{ere then added to each of the four reaction tubes and the

solutions were mixed by centrifugation for 1 m'i nute. After

10 minutes incubation at 37oC,1 ul of dGTP chase (500 uM

dGTP in 5 mM Tris-Cl pH 8.0,0.1 mM EDTA) was added to each

of the four tubes, mixed by 1 minute centrifugation and
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'i ncubated f or a f urther 15 mi nutes at 37"C.

4 ul of formam'i de load'i ng buffer (formamide, deionised

with mi xed bed res'i n,0.1% bromo creso'l purple,0.l% xyìene

cyanol FF and EDTA to 20 mM) were added to stop the

reactions and mixed by a short centrifugation.

Sampl es were boi I ed for 3 mi nutes and then anaìysed on

a sequenci ng gel (Secti on I I.3. xi i ) .

I I.3. xv. Contai nment Faci ì i ti es

Al I mani pul ati ons i nvol vi ng recomb'i nant DNA b,ere

carri ed out 'i n accordance with the regulations and approval

of the Australial A.ademy of Sc'i ence Committee 0n Recomb-

inant DNA and the University Council of the Univers'ity of

Adeì ai de



CHAPTER I I I

ISOLATION OF A PUTATIVE COLLAGEN GENOI.IIC CLOÌ{E
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III.1. INTRODUCTION

Prior to the advent of recombinant DNA technoìogy, the

best characteri sed col'l agen gene sequences were those

encodi ng chi ck type I col ì agen, as thei r messengers coul d

be isolated in an enri ched form from t'i ssues such as

embryon'ic calvaria (see Chapter I). Not surprisingly,

these messengers were the fi rst to be commi tted to necomb-

inant form (Lehrach et al., 1978; Sobel et al., 1978;

Lehrach et al., 1979; Yamamoto et aì., 1980) and charac-

teri sed i n deta'i I . The genes f or these messengers were

'i sol ated soon af ter (0hkubo et al ., 1980; l,,lozney et al . ,

1981a). At about the same t'ime, gêflomi c cl ones encodi ng

part of the sheep cr 2(1) gene were isolated (Boyd et al.,

1980 ) . Agai n, the abi ì i ty to prepare RNA enri ched for pro-

coì I agen sequences f rom embryoni c t'i ssue was exp'l oi ted to

const ruct homoì ogous probes for the sheep coì ì agen gene.

Col I agen g enes for Dnosoph'i 'la (Monson et â1 ., 1982)

c. eì egans (Kramer et al ., 1982) and mouse (Monson and

McCarthy, 1981 ) were i sol ated from recombi nant I i brari es

us'i ng cnoss-species hybridization probes. This appnoach

avo'i ded the need f or puri f i cati on of homoì ogous probes f or

the seì ect'ion of the genes .

At the onset of the research descrj bed i n thi s thesi s,

ver"y littìe was known about human colìagen genes. 0ne of

the factors cont ri buti ng to thi s pauci ty of i nformati on was

the relative difficulty in obtain'i ng large anounts of RNA,

enri ched for pro-col I agen sequences, whi ch coul d be used as

homol ogous hybri di zati on pnobe.

I n consi deri ng approaches to the i sol ati on of human

type I co'l l agen genes, it was deci ded that, rather than
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attempt to devel op homoì ogous probes, the use of cross-

speci es probes to screen a recombi nant gene bank woul d be

more pract'i cabl e. The successf ul ì sol ati on of Droso hi I a

C. eì egans and mouse coì l agen genes i nd'i cates the f easi -

bi ì i ty of such an approach.

However, al though the use of heterol ogous probes was

thought to be the most iudic'i ous on technical grounds,'it

was envi saged that probes used across speci es barri ers

m'i ght not necessari'ly detect their homoìogues (i.e. a probe

from one class of collagen in one species may not detect

the same class of co'l lagen in another spec'i es). In fact,

the colìagen g enes i sol ated f rom Drosoph'i I a and C. e'l egans

clone banks, us'i ng chick type I probes, were quite differ-
ent from vertebrate type I genes (see Chapter I ) . These,

however, may be extreme examp'l es as both insects and

nematodes are, evolut'i onarily, very w'ideìy divenged from

birds; the use of a chick c 1(1) probe detected only c 1(1)

sequences i n a mouse gene bank (Monson and McCarthy,

1981 ). Fu rthermore, chi ck a 1 (1 ) cDNA cl ones have been

shown not to cross-hybri di ze wi th chi ck c 2 (1 ) cDNA cl ones

(Lehrach g!_..¡[., 1979), suggesting that the repeated nature

of the tri p1e hel i cal regi on of al I cì asses of co'l I agen

(viz., glyc'i ne as every third residue and a high frequency

of lysines and prolines at other positions) 'is not

refì ected as homol ogy at the nucl ei c aci d I evel for chi ck

type I genes at 1 east.

To mi ni m j se the detecti on of non-homoì ogous col'l agen

types, it was deci ded to use two i ndependent cross-speci es

probes to screen a human recombi nant gene bank, vi 2., cDNA

prepaned from chi ck embryo cal vari a RNA enri ched for
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pro c 1(1) and pro c 2(1) sequences and part of the sheep

pro cr 2 (1 ) gene. Any recombi nants that were scored as

positives w'ith both probes wer"e ìikeìy to contain

pro c 2(1) sequences.

This chapter describes the construction of the two

cross-species probes, a partiaì analysis of the suitab'i ìity
of these probes to detect human procol I agen sequences and

thei r use to screen a human recombi nant gene bank.

ITT.2. RESULTS

I I I .2.'i . Preparati on of Chi ck Embryo Cal vari a RNA

A range of techni ques 'is avai I abl e f or the preparat'i on

of RNA from ti ssues. The method most wi dely used to

i sol ate RNA from chi ck embryo cal vari a has been that of

Benveniste et al. (1973) 'i n which calvari a are f rozen in
'l iquid nitrogê0, ground to a powderi n a pestle and mortar,

di ssol ved i n a Na-acetate/detergent sol uti on and extracted

w'ith phenol /chl orof orm.

Although thi s method has the advantage of bei ng

simple, both the yieìd and quaì'ity of RNA'i solated wene

found to be variable. It was felt that, although the level

of ribonucìease was probably low in calvari a, the delay

involved in dissolving the polvdered tissue in buffer, prior

to phenol extnaction was, g'i ving ribonucleases, liberated by

disruption of the ceìls, ôî opportunity to degrade the

RNA. The incìusion of competit'i ve ribonuclease inhib'itors

was consì dered, but these have not aìways proved adequate

'in prevent'i ng RNA degradat'i on (Cf¡i rgwi n et al ., 1979 ). The

active s'ite inhib'itor, diethyl pyrocarbonate, wh'ich'is

effective in the inhib'ition of ri bonucleases (Harding
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et al. , I977), also mod'i f ies sìngìe stranded nucleic acids

(Ehrenberg et a1 .,. 1976) and so was not su'itable.

Rather, 'it was decìded to use the method described by

Seeburg et al . (1977 ) i n whi ch powdered, frozen ti ssue was

homogeni zed di rectìy i nto the potent denaturant, guanid-

'i nium hydrochloride, and RNA isolated by centrifugation
through a CsCl pad (Section II.3.'i ii.).

Although the quaì ity (as judged by its sucrose

gradient profile) of RNA prepared in this matter was good,

the y'i el d was f ound to vany accordi ng to the number of

calvaria used. Approx'imateìy 60 ug of calvaria total RNA

per chick could be prepared when up to 50 embryos were

used, but the yield per embryo dropped when more tissue was

used. Th'is reduced y'i eld may have neflected the difficuìty
'i n centri f ugati on of RNA th rough homogenates made v'i scous

wi th deprote'i nated DNA.

An al ternati ve method, mod j f i ed f rom that of Chi rgw'i n

et al. (1979) by J. Brooker (pers. comm.) (Section

II.3.'i 'i 'i .), in which tissue was frozen in ìiquid nitrogêñ,

ground to a powder, homogenized ìn a guanidinium salt and

RNA recovered by repeated prec'ipitat'i on with ethanol and K-

acetate, was used for ì arge scale preparati ons of cal vari a

RNA. Although Chirgwin et al-. (1979) reported that

f reezi ng and gri ndi ng t'i ssue pri or to homogen'i zati on

resulted 'i n degradation of RNA, th'i s was not observed. In

fact, failure to freeze and grind the calvaria resuìted in
a much reduced yield of RNA, probabìy as a result of
'i nadequate disruption of this very resiliant tissue so'l ely

by homogenization in a Dounce homogenizer. Approximately

80 ug of cal vari a total RNA per embryo were 'i sol ated by
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this method, even when calvaria from as many as 100 embryos

were used.

Total RNA was f ract'i onated by sucrose gradi ent

centri fugati on, the 20-40S fracti on col I ected and poly (A)+

materi al i sol ated by ol'i go-dT chromatography (Secti on

II.3.ìv.) as shown in Figure III.1. Approximately 1 u9 of

fracti onated RNA was recovened from 1 mg of total RNA.

F racti onated RNA was used as a templ ate for oì i go-dT

pri med cDNA synthesi s (Secti on I I .3. i x. ) .

III.2.ii. Prepanation of Probe from a Shee p Genomal Cl one,

SpC3

Boyd et al . (1980) have'i solated two ovenlapp'i ng

genomal clones encoding pant of the pno c 2(1) gene, from a

sheep genomic library constructed by Kretschmer et al.
(1980). Both these clones have been made ava'i lable by P.

Tolstoshev.

A restri cti on map of the I arger of the two, SpC3,

indicat'i ng the EcoRI sites Imodif ied f rom Boyd et a].
(1980)l is shown in F'i gure III.2.i. D'i gest'i on of SpC3 with

EcoRI generates three generaì si ze cl asses of fragments

vi 2., the smal I fragments (1.3, 1.4, 1.5 and 1.8 kb ) , the
'i ntermed'i ate f ragments (2.3 and 5.7 kb) and the 1arge,

Charon 4a arms (10.9 and 19.8 kb). It was decided, for two

reasons, to use the fragments of the smal I cl ass

coì I ecti vely as tempì ates f rom wh'i ch to make probe.

Fi rstly, because it was ì i kely that some reg'i ons of

the sheep gene (especiaìly introns, but also exon regions)

mi ght not be suf f i ci entìy homo'l ogous w'ith the human gene to

be good hybri dization probes, 'it was dec'ided to use as



Fiqure III.f.
Fract'ionation of chick embryo calvaria RNA.

RNA was prepared from the caìvarìa of fifty,16 day-o'rd chick

embryos by the method of J. Brooker (.ærs. comm.) (Section

II.3.iii.) and fract'ionated on 10-40% linear sucrose gr.adients.

('i) 4254 profile of total cellular RNA across the sucrose

grad'ient.

Fraction A was collected and the poìy (R)+ nnn'isorated by two

rounds of oligo-dT chromatography (Sect'ion II.3..iv.).
(ii) Elut'ion pr.ofile of RNA from the oligo-dT column

(a) total RNA apptìed

(b) RNA eluted in fractions 1-10 reappl'ied

(c) el uti on buf fer app'li ed

Poìy (n )+ ntlR was coì I ected as i nd'i cated.
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Fractionation of restriction fragments generated by EcoRI

d'igestion of the sheep pro c 2(1) genomal clone, SpC3.

(i) Restr"iction map of spc3 indicating the EcoRI sites

lmodified from Boyd et a]. (1980)1. Sol.id lines denote the vector

arms.

(ii) 4254 profile of 50 ug of an EcoRI digest of SpC3

fractionated on a 10-40% linear sucrose gradient. Three fractions,

A, B and C wene collected.

(iii) An aliquot each of fractions A,. B and c was analysed by

agarose geì electrophoresis. Fraction A contained only'the "small

fragments" of Spc3 (section IIr.z.ii.); these were used as

tempìates for nick translation.

Fíqure III
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l arge a f ragment of the sheep gene as was poss'i bl e. The

ìargest available restri ction fragment conta'i ning only

Í nsert sequence 'i s the 5.7 kb EcoRI f ragment. However,

this fragment 'i s in the m'iddle of the clone, shown by R-

'l oop ana'lysis to contain at least several introns, and so

may not have been suitabìe. An alternative was to use,

col ì ect'i ve'ly, the smal I f ragments whi ch span 7 .3 kb of the

sheep genome over a region of 14 kb. The 1.8 kb fragment,

at least, appears (bV R-loop anaìysis) to contain no ìntron

regions.

The second reason for usi ng the smal I fragments was

that they could l" read'i ly purified away from the Charon 4a

arms. Because the probes were to be used to screen a

recombinant À library, it was essential that À sequences be

absent, otherw'i se al I pl aques would y'i eìd a positi ve

response, fêgardless of the nature of the 'i nsented

sequence.

Fractionation of EcoRI di gested SpC3 was performed on

sucrose grad'i ents and the purity of each fraction assessed

by agarose geì electrophores'i s, as shown in F'i gure III.2.
The small fragments were labelled by n'i ck translation

(Sect'i on II.3.'i x.).

III.2.iii. Analysis of Probes

To assess the use of the two probes (i.e. nick

transl ated SpC3 fragments and cDNA made to fract'i onated

ch'i ck embryo cal vari a RNA) f or the detecti on of human

proco'l I agen sequences, two hybridi zati on experi ments were

performed.

To veri fy that the cDNA d'i d i ndeed contai n sequences
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complementary to procollagen mRNA, cDNA was hybrid'i zed to a

Southern blot of EcoRI digested SpC3 (Figure III.3.). As

is shown, chick cDNA detected sheep pro c 2(1) sequences,

in particular those in the 1.5 kb EcoRI fragment. In

add'it'i on, those fragments adjacent (in the sheep genome) to

the 1.5 kb f ragment (v'i z. , the L.4 and 1.8 kb EcoRI

fragments ) and the 2.3 kb EcoRI fragment were al so

detected, but I ess strongly.

The strong hybridizat'i on between the chick cDNA and

the 1.5 kb sheep fragment may indicate a high degree of

sequence conservati on between homol ogous areas of the sheep

and ch'i ck a 2(1) coì'l agen genes. Alternative'ly, it may

nefl ect, to some degree, a tri vi al reason, such as the

paucity of ìntrons in the 1.5 kb fragment. l^lhatever the

cause of th'i s strong cross-reaction ìs, it should not be

assumed that the 1.5 kb fragment wi I I cross-react strongly

w'ith human sequences, i.e. this result does not indicate

that the 1.5 kb fragment would necessarììy be a good probe

for the human pro a 2(1) colìagen gene.

It should also be noted that th'i s hybri dization result

gi ves no quantitati ve i nformati on as to the abundance of

sequences complementary to pro c 2(1) mRNA in the cDNA.

However, ìt does 'i ndicate that they are sufficiently
abundant for the cDNA to be an effective probe.

A second experiment was performed to verify that both

probes were abì e to hybri d'i ze to human genomal sequences.

Aìiquots of human and sheep (gift from B. Powell) genom'ic

DNA (along with SpC3 and À DNA controìs) were spotted on to

f ilters (Sectìon II.3.v.) and chaììenged w'ith e'ither

probe. F'i gure III.4 shows the strong hybri d'i zation of both



Flgure III.3.
Hybridization of chick embryo calvaria cDNA to SpC3.

1 ug of spc3 DNA was digested with EcoRI and fractionated on

a 1% agarose geì. Bands were detected by ethidium bromide

staining. DNA was southern blotted on to n'itrocellulose and

hybridized with radiolabellei cDNA made from fractìonated chìck

embryo calvaria RNA (section III.2.i.). The filter was washed in

2 x SSC/0.1% SDS at 65oC and autoradiographed overnight.

Ethidium bromide stained DNA.

Autoradì ogram.

A

B
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Figure III.4.
Hybridization of ìibrary screening probes to human and sheep

genom'ic DNA.

Samples were spotted on to njtrocellulose filters (Section

II.3.v.):

A: I ng SpC3 DNA

B: 1¡rgÀDNA

C: 10 ug human genomic DNA

D: 2 pg sheep genomic DNA (gift from B. poweìì)

and hybridized with either:

(i) cDNA made to fractionated chick embryo calvar.ia RNA

(Section III.2.i.) of,

(i'i) nick transìated SpC3 "smalI fragments" (Section

llT,.2.ii.).

Filters were washed in 2 x SSC/0.1% sDS at 6soc and autoradio-

graphed for 16 hours at -80"C.
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probes to sheep and human DNA. À sequences l.tere not

detected af ter th'i s overni ght exposure, although a ì ongen

exposure (not shown) revealed some hybridization between

the n'ick translated probe and I. Both probes hybrid'i zed to

SpC3 DNA, although the s'i gnaì was relat'i vely weak when the

cDNA probe was userl.

Thus, both the chi ck cDNA and the ni ck transl ated

sheep sequences shoul d be su'i tabl e cross-specj es probes to

detect human col I agen genes.

III.2.iv. Se 1 ecti on of Recombi nants

A human genom j c l'i brâfY, constructed by Lawn et al .

(1978) using the methods of Maniat'i s et a1. (1978)' was

made available by T. Man'i atis. Human genomic DNA had been

parti aì 1y dì gested wi th Hae I I I and Aì u I and fragments

w j th an average I ength of 15-?0 kb i nserted 'into the À

vector, Charon 4a (glattner et a'l ., I911), by the addit'i on

of EcoRI l.i nkers. At thi s tìme (and subsequently), the

library had been used to examine a number of gene systems'

notably the human g'l ob'i n genes (Efstnatiadis e.!:!., 1980);

no major rearrangements attri butabl e to the c'l oni ng process

have been identified. The ìibrary had been amplified' by

low density plat'i ng and subsequent recovery of 'phage into

PSB, in th'i s laboratory by S. Clarke.

The human haplo'id genome contains approximateìy 3 x

106 kb. Thus, 1.s x 105 ."combi nants w'ith 20 kb i nserts

should account for every gene. However, it iS more appro'

pri ate to consi der the l'i brary i n stati sti cal terms. Us'i ng

the mathemat'i caì treatment of Cl arke and Carbon (1976) it

can be cal cu I ated that the probabi ì i ty of any sequence
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5being present in 7.75 x 10

'i s > 99.5%.

recombi nants w'ith 20 kb 'i nserts

Th'i s numben of recombi nants was pl ated at hi gh densi ty

and screened 'in dup'l i cate wi th ei ther ch'i ck embryo cal vari a

cDNA or ni ck transì ated SpC3 fragments, usi ng the methods

of Benton and Davis (1977) (Section II.3.x.). A totaì of 6

posit'i ve s'i gnal s was observed 'i n dupl'i cate at the primary

screen'i ng. The recombi nants gi vi ng ri se to these responses

were picked into PSB. F'i gure III.5. shows posit'i ve signaìs

produced f rom p'l ates conta'i nì ng 77,500 pl aques.

In addit'i on to detecting 6 p'l aques'i n dup'l icate, both

probes each hybri di zed to add'iti onal recombi nants. The

nick translated probe detected, with equal intensity,
app roxi mately 50 addi ti onal recombi nants. A I onger peri od

of autoradi ography (not shown ) f a'i I ed to reveal any

add'iti onal responses. Several of these recomb'i nants were

p'i cked and stored i n PSB at 4oC. cDNA detected, wi th a

range of i ntens i t'i es, a I arger number of pl aques. A I onger

exposure (not shown ) reveal ed i n excess of 300 si gnaì s. It
i s l'i kely that some of these recombi nants woul d conta'i n

gene sequences encodi ng the pro a I ( 1 ) gene. However,

owing to the large number of these responses and the lack

of a positive probe for human a 1(1) sequences, none of

these pl aques was pi cked.

In the primary screening, because p'l aques were ìn

contact (conf I uent ìysi s of the bacteri a'l I awn ), i sol ates

conta'i n many recombi nants i n add'iti on to the one produc'i ng

the positive signaì. It was therefore necessary to repeat

screenings at lower pìaque density to a point where a

si ngì e pl aque coul d be shown to gi ve a positi ve response



Fi qure III.5.
P ri mary screen'i ng of a human recomb.i nant I i brary.

The human library was p'lated at a dens'ity of 7.75 x 104 pfu/

plate on to ten,15 cm plates and from these, Benton and Davjs

fìlters were prepared in dupì icate (Section II.3.x. ). Fi lters wene

probed with approximateìy 106 cpm per filter of either:-
(i ) njck trans'lated SpC3 ',smalì fragments', (Section

LII.2.ii.) or,

(ii¡ cDNA made to fractionated chick embryo calvaria RNA

(Sect'ion III.2.i.).
Filters were washed in 2 x SSC/0.1% SDS at 65oC and autorad.io-

graphed for two days at -80oc.

A total of six positive signaìs was observed in dupl.icate.

The s'igna'l on this plate present in dupl'icate, is circled.
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and harvested to the exclus'i on of any contaminating

pl aques. Thi s procedure requi red an extra two rounds of

screening.

The six pl-.imary isolates were titred and repìated to

give d'istinguishable Plaques. Filters 9¡ere prepared and

challenged with the nìck transìated probe. Positive

si gnaì s wer"e i denti f i ed on al I si x second round pl ates.

'Phage g'i vi ng ri se to these responses were pì cked, repl ated

a I ow density and rescreened with ni ck transl ated probe.

Fi gure III.6. shows s'i gnaì s f rom the th'i rd round screen-

'i ng. Recomb'i nants produci ng positi ve responses were pi cked

for characterisaiion.



Fiqure III.6-
Third round screening of primary isolates from a human

1 i brary.

Primary isolates from screening the human genom.ic ìibrary wene

picked into PSB, titred and repìated at a density of 4000 pfu/
p'late. Benton and Dav'is filters were prepared (section II.3.x.)
and challenged with nick translated spc3 probe (sect.ion III.2.ix.)
(not shown). Discrete pìaques, cornesponding to the s.ix recomb-

inants identified in the primary screening, were picked into psB,

tit¡'ed and plated at a density of 100-500 pfu/plate. Filters were

prepared and probed with 106 cpm/filten of nick translated SpC3

probe, washed in 2 x ssc/0.17" sDS at 65"c and autorad.iographed at

-80oC for 16 hours.

Strong, positi ve responses are evi dent on al I s.ix f.ilters.
The autoradiogram has been slightly ovenexposed to show the weak

detection of other pìaques as the consequence of a low level of

vector arm DNA contaminating the probe.

Recombinants g'iving rise to positive responses were picked for
analysi s.



a

!!:! J¡
ví

I

'a Í
tl 

. a

tt'o

,,Ca
a

a"o
\"

IIIll
:].l.,Il

,]
ì

t:l
iII

'

a

Ò
\

Ji.,
Ir$

o
aI

?o
I

a

a

a

t

eô
'l

ô
ta

t..l

¡

¿O
.

)Iaa

I bI

0
I

tt
I

\
ìI

t¡

)
'i\

T
.

l¡.a.

aot,?

'a
a

aa
TI

o
a

t
¿

a a

a

r(I
ta

t¡

î
Iò Ia

¡ô
aI

Ç

ao

a

a

a.
t

t
) 

.'..
a

a
a

a
.a

o. 
a 

a
a

I
a

a

I
,

a

.a
f

I

(l

ad
a

IIa.
:.L

.a'l
I

a
o

Iao
ï'ú

a
IIIIlIII

.if 
'

.. 
¡1.È

\



CHAPTER IV

CHARACTERISATION OF GENOI.IAL CLONES
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IV.1. INTRODUCTION

Although the most definitive ident'i fication of

.co1ìagen gene recombinants is provided by the DNA sequence

of the genes themsel ves, a number of other techni ques are

available to allow an initiaì identification. Lehrach et

a1. (f gf g) showed that the'i r putative (at the time) chick

pro cr I(1) construct could hybridize to calvaria RNA to

g'i ve S1 nucl ease res'i stant mol ecul es and both Yamamoto

et aì . ( 1980 ) and Boyd et al . have used a hybrì d-sel ected

transl ati on assay to ident'i fy recombi nants. Monson and

McCarthy (1981), who ìsolated the mouse pro cr 1(1) gene

usi ng a cross-speci es probe, used the same probe to

characterì se the mouse gene pri or to sequenci ng. It was

decided to use this approach for the'i nitial
chanacteri sati on of the si x recombi nants i sol ated from the

human gene bank (Chapter I I I ).
Th'i s chapter decri bes the characteri sat'i on of the

putative human co'l lagen genes by restn'i ct'i on analysìs,

hybri d'i zati on stud'i es and di rect DNA sequenc'i ng.

IV.2.

IV.2.i.
RESULTS

Restri cti on Anal.ysi s of Recomb'i nants

A pl aque gì v'i ng ri se to a posi ti ve response at the

third round screening (F'i gure III.6.) was picked from each

of the si x pì ates and 'phage parti cl es ampl'i f ied by pl ate

culture, concentrated by PEG prec'i p'itat'i on and DNA prepared

(Section II.3.x.). A samp'l e of each of the six DNA

preparations was digested with EcoRI and analysed on a L%

agarose gel (not shown ) . The bandi ng patterns of each

recombinant appeared to be'i dentical. To verify this, an
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equi val ent amount of each DNA was di gested wi th EcoRI , the

d'i gests poo'l ed and f racti onated on an agarose geì . Such a

compari son al l ows smal I d'i f f erences i n the si ze of appar-

ently i dent'i cal bands to be detected. The equi val ent

fragments from each recombi nant co-mi grated. It i s

theref ore ì'i kely that each of the si x positi ves represents

a di f f erent i sol ate of the same recomb'i nant. A I arge scaì e

'phage DNA preparation (Section II.3.x.) was performed on

one of these i sol ates, cal I ed Pnc-8.

Pnc-8 DNA was di gested wi th a range of restri ct'i on

enzymes and the resul tant fragments fracti onated on agarose

gels (F'igure IV.1.). H'ind III digested À DNA and Hinf I

d'i gested pBR322 DNA wer"e co-el ect rophoresed as mol ecul a r

weight references. In add'it'i on, restri ction fragments

deri ved whoì ìy from vector arm sequences t^tere used as si ze

markers. An artifactual, 7 kb band is present in the Bam

H1 di gests; thi s i s generated by anneaì i ng of the cohesi ve

ends of the 1.5 kb and 5.5 kb arm fragments, generat'i ng the

g si te.
Maps, 'i ndi cati ng the si zes and rel ati ve pos'iti ons of

each fragment are shown in Figure IV.2. and a complete map

of the insert is shown, to scale,'i n Figure IV.3.

IV.2.ii. Hvbri di zati on Anal vsi s of Pnc-8

Since Pnc-8 was selected from the recombinant bank by

the criterion of its hybnidization to both chick embryo

calvaria cDNA and part of the sheep pro a 2(1) gene, both

these probes shoul d hybri d'i ze to restri cted Pnc-8 DNA i n a

Southern bl of experi ment. However, because the cDNA was



Fi re IV.l.
Restriction ana'lysis of Pnc-8 DNA.

I ug samples of Pnc-8 DNA were digested with a range of

restriction enzymes, either s'ing'ly or in combination, and the

fnagments resolved on 17" agarose geìs (section II.3.v.). Bands

were observed under uv I i ght fo] 'l owi ng ethi di um brom'ide stai ni ng.

Ml : I DNA di gested wi th H'i nd I I I .

E : Pnc-8 DNA digested with EcoRI.

H : Pnc-8 DNA d'i gested wi th Hi nd I I I .

E/H: Pnc-8 DNA digested with EcoRI and Hind III.
B/K: Pnc-8 DNA djgested w'ith Bam Hl and Kpn I.
K : Pnc-8 DNA digested with Kpn I.
E/K: Pnc'8 DNA digested with EcoRI and Kpn I.
yl? : À DNA digested wjth H'ind III plus pBR322 DNA

digested with Hinf I.
B : Pnc-8 DNA d'igested with Bam Hl.

BlEz Pnc-8 DNA d'igested with Bam Hl and EcoRI.

sizes of restriction fragments ane summarised in Figure IV.2.
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Figure W.2.

Restriction maps of Pnc-8 DNA.

The sizes of fragments obtained by restriction enzyme digest-

ion of Pnc-8 DNA (Figure IV.1.) were determined using Hinf I

digested pBR322 DNA and Hind III digested À DNA as molecular weight

markers. In addition, Hind III, Bam Hl and Kpn I fragments derived

wholly from vector arm regions also served as size markers.

E:

Bam Hl site.

EcoRI site.

Hind III site.

Kpn I site.

B

H

K
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Figure IV.3.

Restriction map of Pnc-8 DNA.

Data shown in Figures IV.l. and IV.2. were used to construct a

restriction map of the insert of Pnc-8. The insert is drawn to

scal e.

Bam Hl site.

EcoRI site.

Hind III site.

Kpn I site.

B

E

H

K

The shaded ares indicate the vector arms.
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made from mature mRNA, it'i s complementary only to exon

regi ons of the gene. Thus, prob'ing a Southern bl of of

Pnc-8 DNA wi th cDNA shoul d I ocate reg'i ons most readi 1y

identifiabìe by DNA sequencing.

Restri cti on analys'i s had shown that most of the i nsert

could readily be digested into fragments of less than 2 kb

(w'ith the excepti on of those sequences adiacent to the

ri ght hand vector arm) , whi ch are of a conven'i ent si ze f or

sequence analysis.

As a preìiminary experiment, Pnc-8 DNA was digested

with EcoRI and f racti onated al ongs'ide EcoRI d'i gested SpC3

DNA on an aganose gel . DNA was blotted on to a n'itrocell-

ulose filten and probed w'ith chick embryo calvaria cDNA

(Fìgure IV.4.). In add'it'i on to detecting sequences in SpC3

(shown previously; see F'i gure III.3.), this probe strongìy

hybri d'i zed to the 1.5 kb EcoRI f ragment of Pnc-8. No other

Pnc-8 sequences wene detected. A 1 onger peri od of auto-

radi ography di d weak'ly detect the 6.6. kb and 7.8 kb EcoRI

f ragments, but vector arms were a'l so detected and so thi s

response was probably arti factual .

Hybridization of cDNA to the 1.5 kb EcoRI fragment of

Pnc-8 thus 'i dent'i f i ed thi s mol ecul e as bei ng a good

cand'i date for DNA sequence analysis.

IV.2.iii. Subcloning the 1 .5 kb EcoRI Fraqment of Pnc-8

i nto pBR325

0ne requ'i rement f or di rect DNA sequenci ng usi ng the

techni ques of Maxam and Gi I bert (1980 ) i s the Preparati on,

i n pure form, of rel ati vely 1 arge amounts of the mol ecul e

to be sequenced. hlhi t st i t shoul d be possi bì e to i sol ate



Figure IV.4.

Hybrid'ization of chick embryo calvaria cDNA to EcoRI digested

Pnc-8 DNA.

L ug each of SpC3 and Pnc-8 DNA were digested with EcoRI, the

f ragments resol ved on a 1% agarose gel and the bands v'i sua'l i sed

under UV light folìowing ethidium bromide staining (Section

II.3.v.). Fragments were transferred to nitrocellulose and

hybridized w'ith 2 x 106 cpm cDNA made to fractionated chick embryo

calvaria RNA (Section III.2.i.). The filter was washed in 2 x

SSC/O.1% SDS and autoradiographed for two days at -80oC.

Bands on the autoradiognam have been aligned with the ethidium

bromide stained fragments.
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the 1 .5 kb fragment from EcoRI di gested Pnc-8, i n

suffic'i ent'ly pure form, by sucrose grad'i ent centrifugat'i on,

very 'l arge amounts of the clone would need to be digested,

as the 1.5 kb f ragment represents only approx'imate'ly 3% of

the totaì mass of the Pnc-8 genome.

To al'l evi ate thi s probl em of yi el d, i t was deci ded to

subcl one the 1.5 kb fragment i nto a p1 asmid vector. pBR325

(go1 i var, 1978 ) was chosen, for aì though not as smal I as

the commonly used vector, pBR322 (golivar et aì., I977),

its unique EcoRI site is in the gene encoding resistance to

chl orampheni col . Recombi nants can thus be se1 ected by

thei r resi stance to tetracycl i ne and sensiti vity to

chloramphenicol. A 1.5 kb insert constitutes approximateìy

22% of the mass of a pBR325ll.5 kb-insert hybrid molecule.

Pnc-8 DNA was digested with EcoRI and the 1.5 kb

f ragment 'i sol ated f rom a sucrose gradi ent (f i gu re IV.5. i . ) .

An a'l iquot was ligated into EcoRI ìinearised and dephos-

phorylated pBR325 and a portion was transformed into

competent E . col i and t rans formants sel ected on pl ates

conta'i ni ng tetracycl i ne (Secti on I I.3. xi . ). 0f the 100

col oni es exami ned, 86 were found to be resi stant to
tetracycl i ne but sensiti ve to chl oramphen'i coì . Pl asmi d DNA

was isolated from 10 of these colonies by the mini-screen

procedure (Section II.3.vii.), digested with EcoRI and

analysed on an agarose gel (Figure IV.5.ii.). At least 6

of the 10 recombi nants contai ned the 1.5 kb i nsert.

I nsuf f i c'i ent DNA was present to cl early see i f the

remaì ni ng 4 conta'i ned the correct 'i nsert.

0ne of the 6 recombinants shown to contain the 1.5 kb

i nsert, cal I ed p1.5E, was sel ected and a I arge scal e



Fiqure IV .5.

Subcloning of the 1.5 kb EcoRI fragment of pnc-g into pBR32s.

100 ug of Pnc-8 DNA were digested with EcoRI and the digest

fractionated on a 10-40% ìinear sucrose gradient.

(i) 4254 profile of Pnc-8, EcoRI restrÍction fragments across

the sucrose gradient. The fraction containing the 1.5 kb molecuìe

was collected and the DNA concentrated by ethanol precipitation.

100 ng of the 1.5 kb fragment were ligated with 350 ng of

dephosphorylated, EcoRI cut pbnszs DNA and the ligat'ion mix

transformed 'into E. col'i Mc1061 (Section II.3.xi.). Ten colon.ies

resistant to tetnacycf ine, but sensitive to chìoramphenicol, were

ana'lysed by the mini-screen procedure (Section II.3.vii.).
(ii) EcoRI digests of ten mini-screened subcìones,

fractionated on a 1% agarose gel (tracks 1-11, except for track 2

where a sample was not loaded) and stained with ethidium bromide.

500 ng EcoRI cut Pnc-8 DNA was run as a marker track (ìane 12).

At least six of the ten recombinants have a 1.5 kb insert.
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preparation of pìasmid DNA undertaken (Section II.3.viii.).

IV.2.'i v. Sequence Analysi s of p1.5E Insert

Sequence analysi s usi ng the chemi cal degradati on

methods of Maxam and Gi ì bert (1980 ) can only be performed

on DNA molecules which are of uniform length and which are

I abeì I ed at one end onìy.

Mol ecuì es of uni form I ength are conveni ently generated

by d'i gestion with restriction enzymes, as these cut at

p reci seì y defi ned s i tes . Because the gel systems used to

fracti onate the degraded DNA mol ecul es can resol ve a

max'imum of approximately 300 bases from the labeììed end,

'i t i s conveni ent to generate restri cti on f nagments, f or

sequencing, of approximateìy this size.

A number of techni ques are avai I abl e to end-l abel

DNA. However, the anti-parallel nature of the strands in

dupì ex DNA resul ts i n the I abel l'i ng of both ends of the

moìecu1e. An additionaì step, either the dissociation of,

and separation of the two DNA strands on an acrylamide geì,

or restriction cleavage at an internal site, is therefore

requi red to produce mol ecuì es I abel I ed at one end onìy.

If a detai I ed restri ct'i on map of the i nsert to be

sequenced i s avai l abl e , choi ce of rest ri ct'ion enzymes to

construct a bank of fragments sui tabl e for sequenci ng i s

straightforward. However, because a restriction map of

p1.5E had not been determi ned, i t vlas more conveni ent to

identify suitable restriction sites in a series of pilot

experi ments .

It y¡as decided init'i aìly to use the restriction enzyme

Hae III to generate an array of smaller fragments from the
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1.5 kb insert of p1.5E. Hae III recognises the sequence
s'GGcc 3' . Thi s sequence i s l'i kely to occu r moderately

often i n regi ons of col 1 agen genes encodi ng the hel i cal

portion of the protein, as 5'GGc3'encodes glycine, and the

next base, C, is the first residue of the proìine codon.

To verify that Hae III digestion would convert the

p1.5E i nsert i nto an array of suitab'ly si zed sub-f ragments,

a trial experiment was performed. Insert was resected from

p1.5E DNA with EcoRI and isolated on a sucrose gradient. A

sample was digested with Hae III and the bands disp'l ayed on

a 51" polyacrylamide gel. Three fragments with sizes of

approxi mateìy 530 bp, 520 bp and 430 bp were í denti fi ed.

These sizes were judged to be suitable for labelling and

subsequent secondary cutting.
D'i gest'i on with Hae III generates molecules with blunt

ends. These can be I abel I ed at thei r 5'-termi ni by the

polynucì eoti de ki nase react'i on, al though bl unt-ended

mol ecul es are not as effi cÍ entìy I abel ì ed as are those wi th

5'-overhangs (such as generated by d'i gestion with EcoRI).

Removal of 5'-phosphate groups pri or to ki nasi ng

(Li I ì ehaug g!_ 3I ., 1976 ) was found markedìy to i ncrease the

effi ci ency of I abeì ì i ng. Dephosphoryl ati on was performed

usìng calf intestinal phosphatase. Some commercial batches

of this enzyme were found to contain a low molecular weÍght

contam'i nant whi ch both became hi ghly I abel I ed and i nhi bi ted

I abel l'i ng of restri cti on f ragments i n the ki nase

reaction. Fractionation of dephosphorylated DNA on a

polyacrylamide gel prior to kinasing avoided this problem.

1 ug of pu ri f i ed p1 .5E i nsert t{as di gested wi th Hae

I I I . Termi nal phosphate groups vì,ere removed (Secti on
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I I.3.i x. ) and the fragments resoì ved on a 5% preparati ve

polyacrylamide gel (Section II.3.v.) as shown in Figure

IV.6. Bands tvere exci sed wi th a scaì pel and the DNA el uted

i nto TE. Us'i ng thi n gel s, i t was not f ound necessary to

crush the gel slice nor to use the ìong e'lution t'imes

descri bed by Maxam and G'i ìbert (1980). DNA was

concentrated by ethanol precipitation, and each fragment

individuaìly 5'-labelìed by kinasing (Section II.3.ix.).
Exami nat'i on of a porti on of the ki nased DNA on an

acrylamide 9el (not shown) revealed that both the 530 bp

and 520 bp mol ecul es were substanti al'ly contami nated with

each other. Rather than attempt to puri fy these fragments,

it was dec'ided, in future experiments, to excise the two

bands from the preparative acrylamide gel (pri or to
k'i nasi ng ) as a doubl et and to rely on resoì uti on of the

four labelled molecules following secondary cutting.

Piìot reactions were performed to ident'i fy suitable

restriction sites for secondary cutting of the end-labelled

DNA. 100 uM ATP was included in these digest'i ons to

protect the 5'-phosphates from phosphatases sometimes found

to be present i n commerci al ly prepared restri cti on enzymes.

The unique Hind III s'ite in the p1.5E 'i nsert was

I ocated conven'i ently wi thi n the 430 bp f ragment, and Mbo I I

rlas found to cut uniquely in both the 530 bp and 520 bp

fragments.

P reparatì vely ki nased Hae I I I fragments were dì gested

with the appropriate enzyme (i.e. either Hind III or

Mbo II) and the resultant mo'l ecules fract'ionated on 6%

polyacrylamide geìs and identified by autoradiography

(F'i gure IV.7. ). Bands were exci sed f rom the 9el , the DNA



Figure IV.6.

Preparat'ive d j gesti on of pl.5E i nsert DNA.

1 ug of pl.5E insert, fractionated away from vector sequences

by sucrose grad'ient centri f ugat'ion, was di gested with Hae I I I ,

dephosphorylated and the fragments resolved on a 5% poìyacrylamide

gel. Bands were visualised under uv following ethidium bromide

stain'ing and excised with a scalpeì. DNA was eluted from each gel

slice into 200 ul of rE, and concentrated by ethanoì pr"ecipitation.

L: Hae III digested p1.5E jnsert.

2z Hi nf I di gested pBR322 markers.
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Fiqure IV .7.

secondary cutting of 5'-end labelled Hae III fragments derived

from the pl.5E insert.

Dephosphorylated Hae III fragments, recovered from a prepar-

ative acryìam'ide gel (Figure IV.6.), were 5'-end labelìed by kinas-

'ing (Section II.3.ix.) and d'igested with a suitabìe (determined by

a p'ilot experiment) restriction enzyme. The resultant molecules,

labelled at one end only, u¡ere nesolved on 6% poìyacry'lam'ide

gels. Bands were detected by autoradiography and excised w'ith a

scalpel. DNA was eluted from each slice into 200 ul of TE and

recovered by ethanol precipitation.

A: Kinased, 430 bp Hae III fragment, uncut.

B: Kinased, 430 bp Hae III fragment, secondariìy cut with

Hind III.
C: Kìnased, 530 bp and 520 bp Hae III fragments, second-

arily cut with Mbo II.
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eì uted i nto TE and recovered by ethanol preci pi tati on. The

ì arger two Mbo I I-generated bands (Fi gure IV.7. ) were not

always sufficiently well resolved for sequencing and so,

af ter el uti on f rom the gel sl'i ce, the DNA was heated i n 307"

DMS0 and ref racti onated on a strand separat'i on. gel (Maxam

and Gi 1 bert, 1980 ). Thi s procedure was found to c1 earìy

resol ve the two 1 abel I ed moì ecul es.

If , at this stage, a minimum of 105 dpm of 32P-label

was pnesent 'i n each end-l abeì I ed f ragment, i t was practì cal

to proceed with the sequenci ng reacti ons.

Sequenci ng was car¡i ed out essenti al ly as descn'i bed by

Maxam and Gi I bert (1980) and the degraded DNA e1 ectro-

phoresed on high resoìution, polyacryìamide-urea sequenc'i ng

geì s (Sanger and Coul son, 1978) (Secti on I I.3. xi i . ) . The

acrylamide percentage of the gels and the durat'ion of

el ectrophoresi s were varied to max'imi se resol uti on of

different areas of the sequence. To read uP to 200 bps of

sequence, a s i ngl e I oadi ng of sequenci ng reacti ons v',as run

on a 20% geì (bps 5 + 60) and two staggered loadings on an

I'1" geì (bps 40 + > 200). After electrophoresis, gels were

f i xed w'ith aceti c aci d, the u rea washed away wi th ?-0%

ethanol and the gel baked dry. Bands were detected by

autoradi ography. A typi cal sequenci ng I adder i s shown i n

Figure IV.8.

The i nit'i al strategy of sequenci ng f rom the two

i nternal Hae I I I s'ites and the EcoRI termi ni , towards Hi nd

III and Mbo II sites, left some areas unsequenced. These

areas i ncl uded both the fi rst few bases from each I abel I ed

end, which were found difficuìt to 'i dentify even on 20%

gels, and the sequences approaching the sites of secondary



Figure IV.8.

DNA sequence determination.

End-labelled, Mbo II cut, Hae III fragments (Figure IV.7.)

were degraded using the base-specìfic cleavage reactions of Maxam

and Gilbert (tggO) and electrophoresed on polyacrylamide DNA-

sequencing gels (Section II.3.xii.). Shown here is the sequencing

ladder of the smallest Mbo II - Hae III fragment on an 8% gel. The

bands were detected by autoradiography.
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cutting, as sequence beyond about 250 bp was not rel'i ably

resoìved. In addition, those regìons that tlere sequenced,

had onìy been sequenced i n one di recti on. To be confi dent

that data generated are accurate, i t i s necessary to

sequence the DNA in both di rections. Furthermore, although

the sizes of the three Hae III fragments indicated that the

ent'i re 1.5 kb f ragment had been accounted f or, it was

possible that one or more add'itional Hae III sites were

present very close to those already identified. To avoid

not detecting any smal'l Hae III fragments, it was necessary

to sequence through the Hae III sites. So, to completeìy

sequence the p1.5E insert, it was necessary to utjlise
additional strategies.

0ne strategy was to use the same approach as that used

for the Hae I I I fnagments, but wi th fragments generated

with a different restriction enzyme. The p'i 1ot experiments

that had identified Hae III as being a suitable enzyme also

indicated that Rsa I d'i gestion would be su'itable. Rsa I

di gesti on of p1.5E i nsert generated fou r fragments wi th

approxÍmate sizes of 2L0 bP, a doublet at 370 bp and 517 bp

( not shown ) . To i denti fy the sequences at the termi ni of

the p1.5E i nsert, i t was deci ded to generate fragments

spanning the insert-vector iunctions, by digestion of the

whol e recombi nant, and to sequence through these junc-

tions. F'i gure IV.9 shows the fractionat'ion, on an acryl-

amide gel, of 5 ug of p1.5E DNA dìgested with Sau96 I and

labelted by end-fitt labelìing (Section II.3.'i x.). The

fragment contai ni ng the i nsert was i sol ated for subsequent

secondary cutti ng and DNA-sequenci ng.

Duri ng the course of sequenc'i ng DNA mol ecuìes gener-



FÍgure IV.9.

End-fill labelling of Sau96 I digested pl.5E DNA.

5 ug of p1.5E DNA and 1 ug of pBR325 DNA were d'igested with

sau96 I (Sectìon II.3.v.) and the 5'-overhangs repa'ired with Klenow

i n the presence of 3þ-oCtp an¿ 32PdGTP (Sect'ion II.3.i x. ).

Label'led fragments were electrophoresed on a 6% polyacry'lamide geì

and identified by autoradiography.

Band 10, containing the EcoRI site,'in the pBR325 track is

absent in the pl.5E track. Instead, a new band, indicated "*",

containing the insent, is pnesent. Thìs band was excised and the

DNA recovered by elution into TE and ethanol prec'ipitation;
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ated by these new strategies, M-13 clon'i ng/di-deoxy

sequenci ng techni ques (l,rli nter, 1980; Sanger et al . , 1977 )

became avai I able. Sequenc'i ng by these methods provi des a

number of advantages over the methods of Maxam and Gi I bert

(1980). Briefly, they are rapid, highly accurate and do

not requi re the design of complex strateg'i es. Central to

the useful ness of these systems are the M-13 'phage

vectors.

The M-13 genome exi sts i n two forms duri ng the I i fe

cycle of the 'phage viz., a double stranded replicat'i ve

f orm (Rf ) and a si ng'l e stranded vi ri on f orm. In the

vector systems avai I abl e, frp 83 and mp 93 (Messi ng and

Vieì ra, 1982), a polyl inker sequence (i.e. synthetic

regi on of mul ti pl e, un'ique cì oni ng si tes ) i s present i n the

B- gal actos i dase gene. Vector i s p repared f rom Rf DNA and

sequences to be cl oned are 1 Í gated i nto the appropri ate

site(s) in the polylinker; recombinants are selected by the

r.esultant insertional inactivation of the ß-galactosidase

gene. Virions, extruded from infected cellsr possess the

i nsert DNA i n s'i ngl e stranded f orm, the f orm requi red as

template for chain term'i nation sequencing (Sanger ü]-.,
7977). Because the strand in the viri on is always the same

M-13 strand, a "uni versal " primer (Andersorì {!]-. r 1980 )

can be used to prime synthesis of the complementary

strand. Sequences are generated by random insèrtion of

dNTP-analogues (lacking 3'-hydroxyl groups) into a

radi ol abel I ed, compl ementary copy of the templ ate, du ri ng

i ts synthes i s wi th Kl enow.

A range of M-13 recombi nants were constructed to

generate templates f or sequenc'i ng (Section II.3.xi'i i.).
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The whole 1.5 kb insert was cloned into the EcoRI site of

mp 83 and both Hae I I I and Rsa I f ragments were cì oned 'i nto

the Sma I site of mp 83. In additìon, a random'l 'i brary of

fragments spanni ng the 1.5 kb i nsert was constructed.

I nsert vlas i sol ated from an LGT-agarose gel ( Fi gu re

IV.10.i.) and ligated (Section II.3.xi.) at a h'i gh DNA

concentrati on to generate concatamers. Concatamers weÍ'e

randomìy sheared by son'i cation, the ends repaired with

Klenow (Section II.3.ix.) and size fractions'i solated from

a polyacryìamide gel (Figure IV.10.ii.) and cloned into the

Sma I site of mP 83.

I n each case: the mol ecul es cl oned 'i nto the vani ous M-

13 vectors were abl e to i nsert i n ei ther ori entati on. Thus,

from any gi ven transformati on, some 'phage contai n one

strand and the rest, the other. 'Phage contai ni ng opposite

strands were identified by their ability to hybrid'i ze to

each other in a complementarity assay (Section II.3.xiii.).
Sequenci ng from M-13 recombi nant-'phage templ ates was

performed as described in Section II.3.xiii. A typica'l

sequencing ìaddeli s shown in Figure IV.11.

The sequence of the p1.5E i nsert was determi ned by

Gi I bert-Maxam Sequenci ng and confi rmed i n both di recti ons

by di-deoxy sequenci ng (Fi gure IV .L2.).

IV.2.v. Examinat'i on of DN A Seouence

The pri mary reason for determi ni ng the DNA sequence of

the 1.5 kb f ragment was to enabl e the product 'it encoded,

presumably a type I collagen cr-chain, to be unambiguously

i denti f i ed. Al though very 'l i ttl e i s known about the

primary structure of the human type I collagen a-chains,



Figure IV.10.

Shotgun cloning into M-L3 mp 83 of randomly generated

fragments spanning the insert of pl.5E.

25 vg pl.5E DNA were digested with EcoRI and electrophoresed

on a 1% LGT-agarose gel (Section II.3.v.) and the DNA visuaì'ised

under UV ìight following eth'idium bromide staining.

('i) Stained EcoRI cut p1.5E on a 1% LGT-agarose gel. The

band was excised and the DNA recovered (Section II.3.v.).
2.5 ug of p1.5E insert DNA were'ligated, in a 20 ul volume,

overnight at 4oC (Section II.3.xi.). The ligat'ion m'ix was diluted

to 400 ul and subjected to eight,30 second bursts of sonication at

hÍgh power w'ith a mini-probe. DNA was ethanol precipitated and the

ends repaired with Klenow (Section II.3.ix.). DNA was fractionated

on a 6% polyacrylamide gel and viewed under UV ìight foì'lowing

ethidium bromide sta'ini ng.

pBR322 digested with Hae III.
son'i cated pl . 5E i nsert DNA.

Three size classes g!¿., 1, 2 and 3 were selected, the regions

excised from the geì and the DNA recovered.

DNA from each size class was cloned into the Sma I site of

M-13 mp 83 (Section II.3.xiii.).

A

B
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Figure IV.ll.
DNA sequence determination.

DNA fragments generated by either restriction enzyme d'igestion

or sonication, were subcloned into the M-13 vector, mp 83 and

s'ingìe stranded'phage DNA isolated (Section II.3.xiii.). Single

stranded DNA was used as a template for chain-termination sequen-

cing (Sanger g!=!., L977 ) (Section II.3.xiii.) and the synthetic

products analysed on poìyacry'lamide DNA-sequencing gels (Sanger and

Coulson, 1978) (Sectìon II.3.xii.). Shown here is the sequencing

ladder of the largest Hae III fragment of pl.5E insert, cloned into

mp 83, running towards the EcoRI l'inker of Pnc-8, on a 6% gel.

Bands were detected by autoradjography.
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Figure IV.12.

DNA sequence of the 1.5 kb EcoRI fragment of pnc-8.

DNA sequence was determined by Gilbert-Maxam sequencing and

confirmed in both directions by di-deoxy sequenc'ing. Fragments

from various sequencing runs were oniented by sequencing through

restriction sites and confirmed by complementarity testing of M-l3

subclones to the whole insert, cloned in M-13.

The sequence is shown, 5' * 3', from the EcoRI linker of

Pnc-8.



10 20 30 40 50 60
ÀÀTTCCÀTÀÀ ÀTTÀCÀAAÀT GÀCAGÀÀÀÀÀ GÀÀ¡.ÀÀTGCC ÀGÀÀTTTCTÀ CCTCCTCATÎ

70 80 90 100 1 10 120
CTCTÎÀTTCT ÀÀAGÀÀGÀÀG CÀTÀTGCÀÀÀ ÀÀGGATTÀÀT TGÀAACÀGÀT ÀÀCTTTTTTÀ

130 140 150 160 170 180
GÀTGÀCCTTG CCTCÀGTCTÀ GTAGGTCTÎÀ TGTTCÀTCTÀ GGTÀÀCTGÀT ÀCTTCÀAÀGA

190 200 210 220 230 ?40
CÀÀGTGAAÎT ÀÀGTTTTCTT TÀÀÀÀGTÀCC CTTTTCCTÀÀ GCTTGGATCT GÀGTCçÀCTC

250 260 270 280 290 300
TTCCTGAGÀT CTTTTTTTTT TCTTTTTTTT ÎTTTTTTCÀT GTTTGÀCTCT TÀGTÀTCTGA

310 320 330 340 3s0 360
GTCCTTCÎCC ÀCTTÀÀCTGG ÀÀTTTCÀTCC TÀTTTTCTGT ÀGTTTGÀÀTÀ TÀÀTGTÀGAÀ

370 380 390 400 410 420
GGÀGÏGÀCÎÎ CCÀÀGGÀÀÀT GGCÎÀCCCÀÀ CTTGCCTTGÀ TGCGCCTGCT GGGCCÀCTGTI

430 440 450 460 470 480
AGTCTCÀAGÀ ÀÀTTTTÀÀGT TCTGGGCÀCÀ CÀTTÀCCÀTT TÀÀÀÀÀÀCÀT GCTÀAÀGI\AA

490 500 510 520 530 540
ÀÀÀCÀTGCÀT GGÀCÀTÀGTÀ TÀCÀTTTCÀG CÀTTTCAGÀÀ GGCÀCTÀTCT GÀTÀAGAÀTÀ

550 560 570 s80 590 600
CTCTGÀÀTTÎ ÀTCÀTCTGÀÀ TÎTÀÀGTÀCG ÀAÀTTÀATAC GTÀTÀÀ¡\TÀA ÀTÀÀÀTÀTÀÀ

. 610 620 630 / 640 650 660
ÀÀTÀCATACÀ ÀÀAÀÀCTGÀÀ TTTÀCTTÀTG ÀÀATÀÀGTTÀ GTTÊTCTCÀT TCTÀCTGTTC

670 680 690 700 770 720
ÎTTTÀÀCCCC CTTTAGÀCCC CCTGGGGGCA GTCTÀÀGTTÀ GAÀCCCCCTC CÀTCCCÀCTT

730 740 750 760 770 780
CCCAAÀGCÎÀ TTCCCATÀTT TCÀCTÀTTÀC TTÀCGÀGAGC ÀGCCÀTCTÀC ÀÀG¡^ÀGCAGT

790 800 810 820 830 840
GTÀÀGTGÀÀC CTGCTGTTGC CCTCÀGCÀGÀ CÀÀGTTCÀAG CATCÀTTÀGÀ GCCCTGT}.GÀ

850 860 870 880 890 900
ÀTGÀCÀGCC.T TTTTCÀGGTT GCCGÀGTCTC CTCÀTCCÀTG TÀTGCÀÀTGC TGTTCTTGCÀ

910 920 930 940 950 9Ê,0
GTGGTAGGTG ÀTGTTCTGÀG ÀGGCÀTÀGTT GGCCTÀCÀTT TÀÀCTTTTÀÀ TGCTTTTTCT

970 980 990 1000 1010 1020
ÀCÀÀTÀTGCT ÀTÀÀÀTATÀÀ GMÀÀÀTTÀÀ ÀÀTTCÀCT.\À CÀGCÀ¡.GÀCT ¡.CATÀCCCÀC

1030 1040 1050 1060 1070 1080
CCÀGGTCCCÀ CTCCCÀÀÀÀG ÀCÀCÀCÀTÀG ÀGGGGÀCÀTÀ CÀCÀCACÀTC CTÀÀÀAÀTGÀ

1090 1100 1110 1120 1130 1140
CTTTGÎÀÀGG ÀGÀATÀÀGGG TÀCÀCTTGGÀ ÀTGTGTGTTG ÀÀÀTGTTGTT GGTTTTTTTG

1150 1160 7770 1180 1190 1200
GTTTGTTTGT TTGTTTGTTT TTTGTTÀGÀC TGÀTÀGGÀGC CCCTCCCÀCT ÀÀÀGÀCÀCCC

72t0 1220 1230 7240 1250 t260
TTGÀÎÀCTGT TÀÎTTCÀÀGG ÀTGÀÀCTTÀT TTÀTCTGGGÀ CÀGÀCÀTCTT CÀGÀÀTGÀCA

7270 7280 7290 1300 1310 1320
CÀTGCCÀÀÀC ÀTGGTTCTTÀ TTÀÀÀTCÀÀÀ GGTTCÀGTÀÀ TTATCÀGÀTT CGAGÀ'\ÀTÀG

1330 1340 1350 1360 1370 13.",0
TGÀTGCTÎTG TGTGÀTCÎÀT TTÎCTTCTCT TTGÀÀÀCÀGÀ ÀAÀÀGÀCÀ}.À TGA¡.TGGGGA

1390 1400 1410 7420 1430 1440
ÀÀGÀCÀÀTCÀ TTGÀATÀCÀÀ ÀÀCÀGÀATÀÀ GCCÀÎCÀCGC CTGCCCTTCC TTCI\GÀTTGC

1450 1460 7470
ÀCCTTTGGÀC ÀTCGGTGGTG CTGÀCCÀGGÀ ÀTT
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i denti f icat'i on of the chanacteri st'i c repet'iti ve nature of

the sequence i n the hel i cal regi on Ivi z. , (Gly-X-Y ) n] woul d

enabìe the gene to be classified as encoding some type of

collagen and comparison with chick, rat or bovine a-cha'i n

sequences (Fi etzek and Kühn, 1976 ) shoul d enabl e the type

to be determi ned.

The DNA sequence was transl ated i nto the s'i x poss'i bl e

readì ng frames and searched for (G1y-X-Y ) tri pl ets.

Although a number of g'lyci ne residues was f ound, none

fitted the pattern (Gly-*-V)n for n > 2. Whether or not

those residues wh'i ch did fit the pattern for 2 repeats

(i.e. n = 2) were. in f act exons encoding co'l lagen, or iust

fortuitous pa'i rings of glycine residues could not be

determined. In four cases (Figure IV.13.), the "AG-GT"

rule for spìice iunctions was satisfied, but conform'ity

wi th the rest of the consensus sequence (Sharp, 1981 ) was

not cl earìy evi dent. So, exami nati on of the DNA sequence

of the 1.5 kb insert had failed to positively ìdentify

sequences encod'i ng a collagen cr-chain, although four

regi ons were ì ocated wh'i ch may be very sma'l I exons encodi ng

part of the helical domain of an a-cha'i n. Insufficient
data were avai I abì e to cl assi fy whi ch a-cha'i n, i f ôflJ, that

these regi ons encoded.

Failure to positively identify helical regions in the

ami no aci d sequences deduced from the DNA sequence of p1.5E

does not mean that this recombinant does not encode part of

a collagen pept'ide. In addition to contain'i ng intron

sequences, the 1.5 kb sequence may encode e'ither an amino

or carboxyl terminal region of an c-chain. The position of

the 1.5 kb f ragment (tne only reg'ion detected by the cDNA



Fiqure IV.13 a

Potential hel'ical-region encodìng exons in pl.5E.

DNA sequence of the 1.5 kb EcoRI fragment of pnc-g (Figure

IV.12.) was translated into the six possible reading frames and

examined for regions encoding the structure (Gly-x-y)n. several

such reg'ions were found. Potentially, four of these are exons as
\

they obey the "AG-GT" rule for splice junctions (Sharp, 1991).

These poteniaì exon regibns are shown (upper case) along with

their immediate flanking sequences (lower case) and the protein

sequences that they encode (italics). The first base of each

putative exon is numbered from the 5'-end. sequence I is oriented

5' + 3' from the EcoRI linker of Pnc-8 and sequences 2, 3 and 4 are

in the opposite orientation.
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1 098

ag GGT ACA CTT GGA ATg t
GLg lltr Leu GLg Met

a sGA AGG GCA GGC gt

GLy Arg ALa GLy

757

a gTG GGA TGG AGG GGg t

VaL GLy Trp Arg GLy

793

a gGG GGT CTA AAG GGG gt

GLy cLg Leu Lys GLg

44

2

3

4
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probe) in Pnc-8 adjacent to a vector anm (Figure IV.3.)

suggests that ei ther thi s 'i s one end of the gene or that

the rest of Pnc-8 i s at I east predomi nant'ly (so as to

preclude detectable hybridization with cDNA) intron

region(s). In the absence of protein sequence data, the

globular termini of s-chains cannot be identified by the'i r

deduced DNA sequence alone. However, an ind'i cation that

protei n codi ng sequences are present can be obtai ned by an

analysis of the potential codon usage.

Codon usage of the p1.5E i nsert was compared to that

of the avenage from a large number of eukaryot'i c protein

coding genes (EMBL gene bank) using a computer programme

written by Staden (1984). Four reg'ions likely to encode

protein sequence [i.e. log (P/(l-)) >

One of these (number l) lies within the longest open reading frame of pl.5E

(39 amino acids). Although these data provide nothing more than L

statistical correlation, they do suggest that protein coding regions are

present in this sequence. It is interesting to note that none of the

small, potential exons (Figure IV.l3.) are detected as being typical

protein coding regions, although the programme used may not be suitable for

the detection of very short amino acid sequences.

If the 1.5 kb fragment does represent the end of a

collagen gene it should be possible, by isolating clones

spanning regions adjacent to the 1.5 kb fragment in the

genome, to I ocate the enti re gene.

IV.2.vi. Re-screeninq the Human Genom'ic Li brary

Since the 1.5 kb EcoRI fragment is 'immediately

adjacent to the long vector arm (Fìgure IV.3.), it was



Figure IV.14.

Potential protein coding regions in the 1.5 kb EcoRI fragment

of Pnc-8.

Codon usage of the 1.5 kb fragment was compared to a codon

usage frequency matrix derived from the EMBL sequence bank, using

the programme of Staden (1984). Four blocks of sequence u,ere

'identified where, for every côdon, the log [P/(l-P)] score was > 2

(staden, 1984). These fouþ derived amino acid sequences ane shown,

numbered at the first base (from the 5'-end) of their first
codon. Sequences 1, 2 and 3 are oriented 5' + 3' from the EcoRI

ìinker of Pnc-8 and sequence 4 is in the opposite orientation.
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1

343

lyn Aen VaL GLU GLy VaL Íhr. Ser Lys

GLu ùIet ALa Thn GLn Leu ALa Leu Met

Ang Leu Leu GLy Eie

2.

1336

Ser ILe Phe Phe Ser Leu Lye GLn Lys

Lye L'hn Aen GLu

733

3. Pno Tyn Phe Thr ILe Íhr Tgr GLu Ser Ser

His Leu GLn GLU

4

42L

Pro Sen Met Cye VaL Phe Tnp GLu bp Aep Løtt
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decided to use this as a probe to isolate clones that

over'l ap wi th Pnc-8, f rom the human genomi c I i brary.

The ì i brary $ras pl ated at a densi ty of 7 .2 x 104 pf u/

plate on to ten,15 cm plates and Benton and Davis filters
prepared'i n duplicate (Chapter III; Section II.3.x.).
Filters were pnobed with 8 x 105 cpm/filter of p1.5E insert
(prepared by LGT-agarose gel electrophoresis), radiolabel-

led by n'i ck translation (Section II.3.ìx.), washed'i n 0.5 x

SSC/0.1% SDS at 65oC and autoradiographed for 20 hours at

-80oC. Thi rty-si x posi ti ve p1 aques were detected i n dupl i -

cate ( not shown ) .

Pl aques g'i vi ng ri se to posi ti ve responses wene pi cked

and each purified to homogeneity by a further two rounds of

screen'i ng. Five of the pn'imary isolates proved to be false

positives. 'Phage particles from the 31 positives remajn-

ing were, 'i n batches of six, amp'l ified by plate cuìture,

concentrated by PEG prec'i p'itation and DNA prepared (Section

I I .3. x. ) . A sampl e of each of the DNA preparati ons vlas

digested with EcoRI and anaìysed on l% agarose geìs.

Figure IV.15. shows the patterns obtained from six of the

sampì es. Four of these si x cl ones gave EcoRI patterns

'i denti cal to Pnc-8 and the other two gave patterns d'i f f er-

ent f rom Pnc-8 but 'i denti cal to each other. Thi s new cl one

was cal I ed xL?z. Restri cti on ana'lys'i s of DNA f rom the 31

positìves revealed that they were all isolates of e'ither

Pnc-8 or )\122.

Rather than begi n the characteri sati on of )\t22 by

constructing a detailed restrict'ion ffiâp, it was decided to

search for regions suitable for anaìysis by DNA sequenc-

ing. Regìons that cross-reacted with cDNA would be suit-



Eigure IV.15.

Restriction analysis of recombinants potentiaìly overìapping

Pnc-8.

'Phage DNA was prepared (section II.3.x.) from each of the 31

recombinants'isoìated from the human gene bank as a consequence of

their hybridizat'ion to the 1.5 kb EcoRI fragment of pnc-g.

Approximately 1 ug of DNA from each was digested with EcoRI and

electrophoresed on a 1% agarose gel. DNA was viewed under uv'light
f ol ì owi ng eth'i di um bromì de stai ni ng.

The restriction pattenns of 6 of the 31 isoìates are shown.

Migrat'ion d'istance of a 1.5 kb fragment is ind.icated. Samples 1,

3, 5 and 6 have the same EcoRI pattern as pnc-g. sampìes 2 and 4

have the same pattern as each othen and represent a new c'lone,

cal I ed ì'I22.
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abl e candì dates f or DNA sequenc'i ng.

1 ug of )\I?2 DNA was digested with EcoRI, fractionated

on an agarose gel , bl otted on to ni trocel I ul ose (Secti on

II.3.v.) and probed with 2 x 107.p* of random primed cDNA

prepared from fracti onated chi ck embryo cal vari a RNA

(Section III.2.i.). The filter was washed at 2 x SSC/0.1%

SDS at 65oC and autoradi ographed at -80"C for three days.

The pr"obe faìled to hybnidize to any ).L22 sequences (not

shown). Thi s experiment was repeated several times and

aì though the cDNA coul d cì earìy hybri di ze to the 1.5 kb

f ragment of an EcoRI d'i gest of Pnc-8, run on an ad jacent

gel track, it never specificaì'ly detected any )\122

sequences.

This result was surprising. ),122 was selected with

the 1.5 kb fragment of Pnc-8, which strongly hybridizes

with cDNA, ôñd yet )\I22 itself does not cross-react with

cDNA. There are several possi bl e expl anati ons f or th'i s

observation. It is possible that, although Ì,I22 does

overì ap wi th Pnc-8, the regi on of overl ap i s short and

faiìs to encompass the portion of the 1.5 kb fragment which

hyb¡idizes to the cDNA pnobe. Alternat'i velJ, )\L22 m'i ght

not overlap with Pnc-8 and may have been selected as the

result of some cross-reaction (perhaps fortuitous) between

an intron region of the 1.5 kb fragment and part of XI22.

No doubt, with further characteri sati on, it woul d be

possible to determine both the relationship between 
^.I22

and Pnc-8 and al so to understand why 
^l?2 

fai I ed to

hybri di ze to the cDNA probe. However, the fact that cDNA

does not detect 
^122 

sequences suggests that thi s 'i sol ate

i s unl'i keìy to be usef ul , as potenti aì cod'i ng regi ons
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cannot be ì ocated.

At thi s stage, i t was deci ded to re-app rai se th'i s

approach for the i sol ati on of human coì I agen gene

sequences.

IV.3. DISCUSSION

I n thi s chapter, the characteri sati on by restri cti on

mappi ng, bl ot hybri di zati on and di rect DNA sequenci ng of a

putat'i ve col I agen genomal cì one (cal I ed Pnc-8 ) , i sol ated

from a human gene bank, was descri bed. Al though hyb¡i di z-

ati on resul ts suggested that reg'i ons encodi ng coì I agen

sequences were present, DNA sequence analysi s fai I ed to

i dent'i fy such reg'ions. It seemed possì bl e that Pnc-8 con-

tained onìy a portion of a co1ìagen gene and so attempts

were made, by iso'l ating possibly over'l apping clones, to

"chromOsome cnawl " i ntO the rest of the gene. However, the

c1 one i soì ated, cal ì ed xI22, fai I ed to hybri di ze to cDNA

and was thus unl'i kely to contai n mone of the gene.

Duri ng the course of these expe¡iments, several other

workers reported the i sol ati on of recombi nants encodi ng

parts of both the human c 1(1) and ct 2(1) colìagen chains

(Myers S!-g]-., 1981 ; Chu et al., 1982a; Dalgleish et al .,

1982 ) . Si gni f i cantly, the genoma'l cl one, spanni ng the 3'-

end of the pro c 2(1) gene, described by Dalgleish e'!=!.
(1982 ) , cal I ed HpCl, was i sol ated from the Mani ati s human

ìibrary using the 1.5 kb EcoRI fragment from SpC3 as a

probe; thi s approach was vi rtual ìy i denti cal to that

described in Chapter III.
Compari son of HpC'l to Pnc-8 and \122 reveal s two

substantial differences. Firstly, the rest¡iction map of
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HpCl is entirely different from the maps of both Pnc-8 and

\122. The only potential sìm'i ìarity is that HpCl and Pnc-8

both have a 1.5 kb EcoRI fragment, but in HpCl this is

internal (i.e. exists in the genome) whereas in Pnc-8, one

of these EcoRI sites is a linker (i.e. does no! exist in

the genome). The second maior di fference between HpCl and

my isolates is the extent of mRNA coding reg'i on contained

'i n each clone. HpCl spans up to approximateìy 6.5 kb of

mRNA codi ng reg'i on, whereas Pnc-8 and À122 combi ned span

less than 1.5 kb.

The fact that essenti aì ly the same probe has detected

two entine'ly different recomb'i nants (¡l.!¿., Pnc-8 and HpCl)

in what should be identical libraries, is perpìexìng. By a

number of ì ndependent cri teri a (Daì gl ei sh É al . , 1982 ) ,

HpCl woul d appear to represent a substanti al part of the

human pro a 2 (1) co'l 'l agen gene. By one cri teri on at I east

( vi z. , hybri di zati on to both cDNA and part of SpC3 ) , Pnc-8

woul d al so appear to contai n part of a col I agen 9ene.

However, because of its d'i ssimilarity to HpCl, Pnc-8 is

unlÍkely to be the 3'-half of the human pro a 2(1) gene.

It is possible that Pnc-8 has arisen as the result of

some perturbation of the library. At ìeast two lines of

ev'idence suggest that our aìiquot of the library might not

be truly representati ve of the human genome. Fi rstly, as

di scussed above, Pnc-8 does not resembl e HpCl, Jêt these

recombi nants were i sol ated wi th essental ly the same

probe. Secondly, the number of i sol ates of both Pnc-8 and

)\L22 recovered from the library u,as very ìarge. At the

first screening (Chapter III), 6 isolates of Pnc-8 were

detected from approx'i mateì y 5 genome equi val ents of ' phage
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and at the re-screeni ng (Sect'i on IV.2 .vi.) , 22 i sol ates

were observed i n I ess than 5 genome equi val ents. The fact

that Pnc-8 (and to a lesser extent )\L??, although examin-

ati on of one of the recombi nants, detected by the ni ck

transì ated probe but not the cDNA probe at the fi rst
library screening, revealed this to be )\I22 [not shown])

was over-represented i n the 1i brary impl'ies that other

sequences must be under-represented or absent. If some

perturbation of the library had occurred, 'it 'i s possible

that thì s happened du ri ng ampl i f icat'i on of ou r al 'i quot

(performed prior to my finst library scneening).

The successfuì i sol ati on of a recombi nant encodi ng the

human pro cr 2(1) collagen gene by Dalgleish et a1. (1982)

demonstrated that the approach I had used shoul d have

y'i eìded thìs gene. It seemed likely that my fa'i ìure to
isolate an ident'i fiable coììagen encod'i ng clone resulted

from our aliquot of the human library not being truìy
representative. So, to isolate collagen gene sequences it
seemed necessary either to obtai n or construct a represent-

at'i ve l'i br"ary. Constructi on of a I i brary i s di scussed i n

the next chapter.



CHAPTER V

C0I{STRUCTI0I{ 0F A HUIIAN FIBROBLAST cDNA LIBRARY
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V.1. INTRODUCTION

Chapter I I I descri bed st rategì es a'imed at i denti f yi ng

human type I procollagen sequences in a human genomaì

library. Six recombinants, thought like1y to contain

sequences encoding part of the pro c 2(1) gene, because of

thei r hybri d'i zati on to both f racti onated chi ck embryo

calvaria cDNA and to part of the sheep pno ct 2(1) gener

were i sol ated.

Chapten IV descri bed the characteri sati on of these

recombinants. Although blot analysis using a cDNA probe

'identi f ied regi ons possi bly encodi ng a coì I agen gene, DNA

sequence ana'lysis fa'i led to reveal'i dentifiable collagen

sequences. Attempts to i sol ate overì app'i ng cì ones whi ch

coul d be i dent'i f i ed as contai n'i ng col l agen gene sequence

proved unsuccessfuì. These results suggested that our gene

bank may not have been truly repnesentati ve of the human

genome.

At the same time, other workers constructed recomb-

i nants contai ni ng sequences encodi ng reg'i ons of

human a 1(1) (Chu et al ., 1982a) and a 2(1) (MVers et a'l .,
1981; Daìgle'i sh et al ., 1982) coì1agen. Although

uncond'iti onal access to these cl ones was not necessari ly

provided at the time, jt v.,as like'ly that they would be made

avai ì abl e for use as probes i n the future.

So, rather than attempt to construct recombi nants

whi ch dupì'i cated those al ready made, it was deci ded to

'i soì ate regi ons of the human type I coì ì agen genes not

present 'i n those cl ones.

In each of the isolates of the human type I genes,

recombi nants spanned ei ther the mi ddl e (i . e. encod'i ng the
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helicaì region) or the 3' end (i.e. êrìcoding the carboxy'l

end of the protein) of the gene; none spanned the 5'ends

of the genes. The onìy col ì agen gene for whi ch the 5' end

has been characteri sed i s the chi ck pro a 2 (1) gene (Voge'l 'i

et al ., 1.981; Tate et al ., 1983 ). As wel I as provi di ng

protein sequence data (refractory to conventional prote'i n

sequencing techniques) several unusual structural features

have been observed. These features ì ncì ude the presence of

very small exons, one of wh'i ch has overlapping donor splice

sites, and the presence of two AUG codons 5'to the one

normal ly used for transl ati on i ni ti ati on (Secti on

I.3.i.). It is of cons'i derable interest to see if these

f eatures are un'i que to the ch'i ck a 2 (1) gene or are i n f act

typ'i caì of other (f or exampl e, human type I ) col l agen

genes. In addi t'i on to prov'i di ng f undamental i nf ormati on

about thei r structure, recombi nants spanni ng the 5'-ends of

the human type I co'l lagen genes would enable the

constructi on of probes to assi st i n the analys'is of thi s

part of the gene and its transcri pt f rom cel I s mani f est'i ng

primary colìagenopathies (Sect'i on I.4.'i .).
As part of thei r characteri sati on of the c 1 (1 ) and

cr 2(1) mRNAs, Chu et al. (1982) and Bernard g!=!. (1983)

respecti vêly, have sequenced the most 5'-reg'i ons of thei r

recombi nant i sol ates. It 'is possi bl e to uti I i se thi s

sequence'information to design synthetic oligonucleotides

wh'i ch can be used as pri mers f or the synthes i s of DNA

complementary to the pro c 1(1) and pro a 2(1) mRNAs.

Because DNA synthesis occurs in the d'i rection 5' + 3', the

cDNA wi I I be synthesi sed towards the 5'-end of the mRNA.

cDNA thus synthesi sed can either be converted to doubl e
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stranded cDNA and comm'itted d'i rectly to recombi nant f orm

or, if made so as to be radiolabelled, used as probe to

sc reen a recombi nant gene bank .

It was dec'ided to use the f ormer approach v'i 2., the

di rect c'l oni ng of doubì e stranded cDNA whose f i rst strand

was synthes'i sed using a synthet'ic oligonucleotide primer.

Th'i s approach was f avoured over the alternati ve, vi 2., the

use of o'l i gonucl eoti de pri mers to synthesi se cDNA f or use

as ì'i brary scneen'i ng probes, for a number of reasons.

F'i rstly, previ ous attempts to 'i sol ate coì I agen genes f rom

the human genomal f ibrary (Chapters III and IV) had proved

unsuccessf u'l , possì bìy as the result of our a'l 'iquot of the

l'i brary not being truly representative. Secondly,'it ìs
technicaì1y difficult to make cDNA labelled to a suffi-
ciently h'i gh spec'i fic act'i v'ity and yet still reta'i n the

hybri di zat'i onal speci f i cì ty conf erred by the primer. If
the primer alone is labelled (e.9. by k'i nasing), the speci-

fi c acti vi ty of the resul tant cDNA wi I 1 be rel ati vely ì ow,

al though every ì abel I ed mol ecul e of cDNA wì I ì have been

primed from the synthetic ol igoner. If, however, 32P-dNTPs

ane i ncl uded 'i n the cDNA synthesi s reacti on to i ncnease the

spec'i fic activity, those cDNA molecules which orig'i nated by

non-specific priming from RNA-derived, 3'-hydroxyl groups

wì I ì now be I abel l ed (t<ri eg e! al . , 1982 ). Unl ess the RNA

templ ate used was hi ghly enri ched for the desi red sequen-

ces, these non-specific cDNAs will constitute a s'i gn'i ficant
contam'i nant in the hybridization probe. Although the use

of I abel I ed primer al one ('i .e. not extended aga'i nst RNA) as

a probe woul d appear to avo'id these techni cal probl ems, the

only sequence data ava'i I abl e enabl e the synthesi s of probes
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complementary to the m'i ddle of the gene onìy; such probes

woul d not detect 5' regi ons.

It was deci ded to use poly (A)+ RNA from normal human

f i brobì asts as templ ate f or the synthes'i s of doubl e

stranded cDNA. Both the pro a 1(1) and pro a 2(1) cDNA

clones previously isolated (Chu et al., 1982 and Myens et

jf., 1981, respectiveìy) had been constructed from RNA from

this source. Furthermore, although laborious, it vJas

possi bì e to grow l arge numbers of cel I s and thus 'i sol ate

I arge amounts of RNA.

U.?. RESULTS

U .2 .1 . Synthes i s and Characteri sati on of 0'l igonucleotide

Primers

Sì nce the DNA sequence has been determi ned for parts

of both type I co'l ì agen mRNAs, the sequence of o'l 'i gonucl eo-

t'ides to be used as primers for coì'l agen cDNA synthesis can

be unambiguously chosen. Although primers as short as

el even bases 1 ong have been used to construct and detect

recombi nants from I ow abundance messengers (fri eg et al . ,

1982 ), it ì s desi rabl e to use primers I arger than th'i s so

that hybn'i dizat'i ons can be performed at h'i gher stri ngency,

thereby reduc'i ng the chance of non-specific priming

events. Kjdd et al . (1983) have shown that un'ique

s equences can be 'i dent i f i ed i n the human genome (a'l be'it

with some background) using a synthet'i c 19-mer and that by

ad justi ng wash condì ti ons, speci f i c, si ngì e base m'i smatches

coul d be detected. Thus, oì i gonucl eoti des of thi s I ength,

or longer, shouìd be of su'itabìe ìength to prime

speci f i caì 1y on human coì I agen mRNAs.
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It was dec'i ded to use oì'i gonucleot'ides with 2L resi-
dues as these should not onìy confer sufficient spec'i ficity
f or un'i que primi ng but are short enough to be strai ght-

forward to synthesi se wi th hi gh yi el ds. Sequences were

chosen which were both close to the most 5'-ends of the

characterised recombinants and, as far as could be

predi cted from the known sequences, unì que to those

regi ons. To maxi m'i se the chance of these sequences be'i ng

un'i que in the entire a-chain mRNAs, regìons encodÍng

infrequently used ('i n co'l lagen a-chains) amino acids were

chosen. Sequences of the pro c 1(1) and pro c 2(1) primers

are shown in Figures V.1. and U.2. respectively.

Primers t^lere synthesised from deoxynucleoside

morphi l'i nophosphoamadites (Beaucage and Caruthers, 1981;

Dörper and !'l'i nnacker, 1983; McBride and Canuthers, 1983) by

D. Skìngìe as part of an "'i n house" service provided in

th'i s Depantment. They were supplied as a crude m'i x (i.e.
the enti re synthes'i s reacti on mì x had been sub jected to the

detrityl ati on reacti on and subsequent steps to remove

dimethoxytritanoì) in aqueous solut'i on.

To verify that the primers did exactly represent the

chosen sequences, it was deci ded to subject them to DNA

sequence analysi s. Because the synthet'ic of igonucl eoti des

were both sì ng'l e stranded and devoi d of 5'-phosphate

groups, they were 'i deal cand'i dates for kinasing and

sequenci ng by the chemi cal degradati on methods of Maxam and

Gilbert (1980).

Initìal attempts to 5'-ìabel the prìmers by kinasing

proved di sappoi nti ng. Not only was the i ncorporati on of

label on to the 5'-ends of the 21-mers low, but a back-



FÍqure V .1.

Sequence of the pro c 1(1) oìigonucleotide primer.

A sequence (bold type), 
.complementary to the DNA sequence

(normaì type), determined by chu et aì. (1982), encoding amino

acids 252 + 258 of the human pro a 1(1) collagen c-chain (italics),
was chosen for synthesis as a primen.



3' 5'
TTC CCA TTG TCG CCA CTT GGA

5' 3'
AAG GGT AAC AGC GGT GAA CCT

Lye GLy Asn Ser. GLy GLu Pro

252 255 258



Fi qure u.2.

Sequence of the pro c 2(1) origonuc]eotide primer.

A sequence (boìd type), compìementany to the DNA sequence

(normal type), determined by Bernard et al. (1gg3), encoding amino

ac'ids 536 + 542 of the human pro cr Z(1) co]'lagen c_chain (ita.lics),
was chosen for synthesis as a primer.



3' 5'
CAC CAA CCA CGA CAC CCG TGA

5' 3'
GTG GTT GGT GCT GTG GGC ACT

VaL VaL GLU ALa VaL GLy lrltr

536 539 542
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ground smear, detectabl e both by eth'idi um brom'i de stai nÍ ng

and autoradiography, was evident when the kinased primers

were anaìysed on a poìyacrylamide gel (not shown). Surp-

ri s'i ngly, a I adder of d'i screte f ragments represent'i ng the

fai I ure sequences was not observed, even when the auto-

radi ogram was overexposed ( not shown ).
Although the nature of the contaminant(s) which was

both i nhi b'iti ng the I abel l i ng of the ol i gomers and causi ng

the background smear was not known, it was decided to try
to remove it (them). The most appropri ate approach seemed

to be to puri fy the 21-mers pri or to detrityì ati on us'i ng

trityl-specific reverse phase HPLC. A sample of the 2(1)

synthesis neactio'n mix was fractionated by trity.'l -specific
reverse phase HPLC (tfiis procedure was performed by

D. Ski ngt e) and the 21-meri soì ated (Fi gure V.3. i . ) and

det ri tyl ated. A 50 ng sampl e each of pu ri fi ed and

unpurified c 2(1) 21-mer was kinased (Sect'i on II.3.'i x.),
fractionated on a denaturing, 201. polyacrylamide gel and

autoradiographed (Figure V.3.ii.). The result was

dramati c. The HPLC purì f i cat'i on step not on'ly el imì nated

the background smear but al so enabl ed the oì i gonucl eoti de

to become much more h'i ghly label led. The cr 1(1) 21-mer was

purified in the same manner and alI subsequent experiments

were performed using primers purified by HPLC.

50 ng of each 21-mer were k'i nased and f racti onated on

a preparative, denaturing, 20? polyacrylamide gel. Bands

were 'identified by autoradiography (Figure V.4.) and

excised with a scaìpel. DNA v,as eluted into 200 uì TE

conta'i ning 4 ug E. coìi tRNA and recovered by ethanol

preci p'itati on. Approxi mately ? x 105 cpm/ng were



Figure V.3.

Purification of synthetic oligonucleotide primers by HPLC.

The c 2(1) 21-mer (Figure V.2.) was synthesised from

deoxynucleoside morph'ilinophosphoamadites by D. Skingle, and the

reaction mix, prior to detrìty'lation, fractionated by trityl-
speci f i c reverse phase HPLC (perf ormed by D. Sk'i ng'l e ) .

(j ) HPLC elution profile

A: fai lur"e sequences

B: unknown contam'i nant

C: 21-mer

The fraction conta'ining the 21-mer was collected and the

oligomer detrityìated. A 50 ng sample of th'is materiaì, along with

a 50 ng sampìe of a 2(1) 21-mer not fractionated by HPLC prior to

detrity'lat'ion, was 5'-end labelled using T4 polynuc'leot'ide kinase

(Section II.3.ix.) and e'lectrophoresed on a denatuning, 2O'1. poly-

acrylamide ge'l and autoradiographed at room temperature for ten

seconds.

(i i ¡ Autorad'iogram of ki nased a 2(l) 21-mers

1: unpurified 21-mer

2z 21-mer purified by trìtyl-spec'ific reverse

phase HPLC.
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Figure V.4.

Preparative 5'-end labelling of q 1(1) and a 2(1) oìigomers.

50 ng of each 21-mer were S'-end labelìed by kinasing (Section

II.3.ix.) and fractionated on a 20% polyacrylamide ge1 contaìning

8.3 M urea. Bands were identified by autorad'iography at room

temperature for 10 seconds and exc'ised with a scaìpeì. DNA was

eìuted'into 200 ul TE containìng 4 ug E. coìi tRNA as carrier and

concentrated by ethanol precipitation. Greater than 99% of the

labelled molecules wene recovered from the gel slice.
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recovered.

Each sample was resuspended in 30 ul He0 and subjected

to the base-speci fi c cl eavage reacti ons of Maxam and

Gilbert (1980), modif ied as described in Sect'i on II.3.xii.
The cl eavage products were el ectnophoresed on a 20% DNA-

sequenc'i ng gel (F'i gure V.5.) and bands identified by

autoradi ography.

Read'i ng the sequencing ladders confirmed that the

sequence of each primer was exactly as speci fi ed (Fi gures

V.1. and V.2.), although the first two bases (from the 5'-
end ) were not abl e to be cl early reso'l ved on the gel system

used. However, since synthesis of the cDNA occurs from the

3'-hydroxyl group of the primer, even mis-match of both the

two 5'-bases should not affect the abiìity of the primer to

functÍon, although its specificity may be slightìy less.

The apparent one-base di fference i n s i ze between the

two primers (al so evi dent i n Fi gure V.4. ) 'i s an art'i f act.

In each case onìy ?I bases are present in each sequencing

ladder.

V.2.ii. Culture of Human Fibroblasts and Isolation of RNA

Human foreski n fi brobl asts were obtai ned fnom

R. Harri s at approximately ei ght generati ons after
establishment of the primary cuìture, and were grown as

described in Sect'ion II.3.i. Several days prior to

harvesti ng the ceì ì s for preparati on of RNA, the culture

medium was sometimes suppìemented wìth 50 ug/ml ascorb'i c

aci d. Th'i s has been reported (Rowe and Schwarz, 1983 ) to

cause an 'i ncrease in the amount of type I pro-col'l agen

mRNAs in cultured chick tendon celìs.



Figure V.5.

DNA sequence determination of o 1(1) and a 2(L) otigomers.

End labelled 2l-mers (figure V.4.) were degraded using the

base-specific cleavage reactions of Maxam and Gilbert (1980) and

the products fractionated on a 20% polyacryìamide gel conta'in'ing

8.3 M urea. Bands were identified by autoradiography at room

temperature for 30 minutes.

The derived sequence of both 2l-mers is written a'longside the

sequenci ng 1 adders.
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RNA was prepared by phenoì exract'i on of cel I lysates

(section II.3.j.i i.) and stored precipitated under 70%

ethanol at -80oc. Typi cal ly, 150 ug cytopì asm'ic RNA/400

"^2 roller bottle were prepared. The poly(n)+ fraction was

isolated by oligo-dT chromatography (Section II.3.iv.).

U.2.ii'i . Preparation of Vector

A number of vectors are ava'i I abì e f or the cì oni ng of

double stranded (ds) cDNA. 0f these, perhaps the most

wi de'ly and successf ul ly used has been pBR322 (Bol i var et

4., I977). Th'i s vector ìs smalì, its complete DNA

sequence is known (Sutcliffe, 1978) and it carries two

antibiotic resistance genes. A number of unique

restri cti on s'ites are present, enabì i ng a number of

d'i fferent cìon'i ng strategies to be empìoyed.

It was decided to clone the ds cDNA into the Pst 1

s'ite of pBR322 by the add'ition of homopoìymeric G-tails to

the 3'-ends of the vector and C-ta'i I s to the 3'-ends of the

ds cDNA, using terminal deoxynucleotidyl transferase

(v.i 1l a-Komarof f et al ., 1978). Not on'ly i s thi s method

h'i ghly ef f i c'i ent, but recomb'i nant col oni es can be

i dent'i f i ed by theì r sensiti vity to amp'i c'i 1l'i n and the'i r

resi stance to tetracycl i ne and the i nsert can be resected

from the vector with Pst 1.

pBR322 DNA was prepared and the supercoi I ed form

('i .e. urì-n'i cked) 'i soì ated f rom a CsCl gradi ent

(Sect'i on II.3.v'i 'i i.). 12 ug of DNA were digested with

Pst 1 and a 1 ug aì'iquot removed f or a pi'l ot tai 1ì ng

react'i on (Sect'i on I I.3.v'i . ) . As shown i n Fi gure V.6.,

i ncorporati on of dG res'i dues was essenti al ly 1i near f or up



Fiqure V.6-

Poly-dG-tailing of Pst 1 linearised pBR322.

1 ug of pBR322 DNA, ìineanised by digestion with pst l, was

'i ncubated wi th term'i nal deoxynucl eoti dyl t ransf erase and 3H-¿etp i n

a 50 ul volume (section II.3.vi.). 5 ul aliquots were removed from

the reactjon at time intervals, and the amount of trichloro-acetic-

aci d-'i nsol ubl e radì oacti v'ity determi ned.

From the plot, it was calculated that, for times up to

20 minutes, an average of approximateìy 6.6 guanine residues per

minute were added to each 3'-end of the pBR322 molecules.
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to 20 minutes. It vtas calculated that an average of 6.6

resi dues were added per 3'-end per mi nute. Because a ì arge

excess of enzyme 'i s used, the rate of ta'i ì i ng i s

'i ndependent of DNA concentration over a wìde range.

15 dG residues/3'-end v{ere added to the rema'i nìng

11 ug Pst 1 cut vector and the vector purìfied frorn LGT-

agarose (Section II.3.vi.).

V.2.iv. 0ìigonucleotide Primed cDNA Synthesis

The di stance f rom the prim'i ng sites of the 21,mers to

the CAP sites of their respective mRNAs can be estimated by

assumi ng that both the 5'-untransl ated regì ons and the non-

hel i cal domai n encodi ng regi ons of the human mRNAs are

approx'imateìy the same s'i ze as equì val ent reg'i ons i n the

chick mRNAs. Thìs distance ìs approximately 1.,400 bases

for the cr 1(1) mRNA and 2,200 bases for the c 2(1) mRNA.

cDNA synthesìsed f rom the cr 1(1) and c 2(1) mRNAs using the

syntheti c of igomers shoul d, theref ore, y'i el d di screte

products of these si zes. To i nvesti gate these cDNAs, a

number of tri aì experiments were performed.

Both prìmers were preparat'i vely 5'-end ìabe'l led by

kinasing (Section II.3.'i x.) and purified from a 201.

polyacrylamide sequencing gel (Figure V.4.). DNA was

recovered by ethanol prec'i pÍtat'i on without carrier tRNA.

In a typical experiment, 2 ng each of labeìled primers were

annealed to ? vg poly(n)* RNA for three hours at 41"C (rm

29oC), the cond'it'i ons adjusted f or synthesis of cDNA and

the reactjon allowed to proceed for 45 minutes at 41oC

(Section II.3.v'i .). Synthetic products were anaìysed on 6%

polyacrylamide DNA-sequencing geìs (Section II.3.xii. ). A



98

typical result is shown in Fìgure V.7. A short exposure of

the autoradi ogram reveal ed a smear of products , extendi ng

f rom < 20 bases up to approx'imateìy 1.5 kb, overlayed with

a I adder of di screte bands. It i s I i keìy that these bands

represent premature termi nati ons of the synthesi s reacti on

caused by the reverse transcri ptase encounteri ng secondary

structure (HaSenbüchìe et a'l ., 1978) rather than ref lecting

breaks i n the tempì ate. A 'l onger exposu re of the auto-

radi ogram reveal ed that onìy a smal I number of the products

extended beyond 1.5 kb. Generation of smears was found to

be both templ ate and reverse transcri ptase dependent (not

shown).

These results showed that, although cDNA may be

extending from the c 1(1) primer to the CAP site of the pro

o 1(1) mRNA, onìy a very small number (if any) of cDNA

molecules extended f rom the s 2(l) primer to the CAP site
of the pro e 2(l) mRNA. It was also clear that a

s'i gni f j cant proporti on of the cDNA was smaì I and so a si ze

f racti onat'i on step woul d be requi red at a I ater stage of

the cì on'i ng procedune. Attempts to extend synthesi s of

q. 2(L ) cDNA beyond 1.5 kb by vary'i ng both anneal i ng and

synthes'i s condi ti ons were not successf ul (not shown ) .

0ligonucleotìde primed cDNA synthesis was performed

using 25 ug poly(A)+ RNA as template exactìy as described

i n Secti on I I.3.vi . Two methods were used to synthesi se

the second strand.

V.2.v. Svnthesis of the Second cDNA Strand

AMV-reverse transcri ptase 1 eaves, at the 3'-end of the

newìy synthesi sed cDNA, a short hai rpi n ì oop wh'i ch i s abl e



Figure V.7.

01 i gonucleotide primed cDNA synthesis.

2 ng each of 5'-end labelled (Section II.3.ix.) o 1(l) and

c 2 (1 ) zl-mers (F'i gures V.1 . and V.2 . ) wene anneal ed to 2 ug

poìy(A)+ RNA from human foresk'in fibroblasts for three hours at

41oC and then cDNA synthes'iseä using reverse transcriptase

(Sect'ion II.3.vi . ). Sampìes were phenol extracted, ethanol

precipitated and fractionated on a 6% DNA-sequencing gel

(Section II.3.xìi.). Synthes'is products u,ere identified by

autorad'iography.

5'-end ì abel ì ed, Hi nf I cut pBR322.

0'ligomer primed cDNA, autoradiographed for 4 hours.

Track 2, autonadiographed for ?4 hours.
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to act as a sel f -primer f or the synthes'i s of the second

strand (Efstrati adi s et al ., 1976 ). Thi s 1 oop, whi ch

cova'l ently I i nks the two strands of the doubl e stranded

cDNA, can be removed foì1ow'i ng second strand synthesis

using the sìngle-stranded-spec'i fic nucìease, S1. It has,

however, been reported (see Land et al., 1981) that using

th'i s method somet'imes results in either loss oli nsertion

of bases into the cDNA at the 5' (of the mRNA) end. To

avo'i d the generation of such artifacts, ôñ alternative

strategy,'i nvolving the add'ition of a poly-dC tract to the

3'-end of the cDNA and the use of ol 'i go-dG to p ri me syn-

thesis of the second strand (Land et al., 1981), can be

empìoyed. It was'decided to use both of these methods to

synthesise the second strand.

Af ter compl eti on of synthes'i s of the f i rst cDNA

strand, the react'i on vol ume was di vi ded 'i nto two equaì

portions. In one sample, the RNA template was nemoved by

bo'i ì i ng and the sì ngl e stranded cDNA converted to a ds f onm

using the self-priming method exactly as described in

Secti on I I.3.'vi . The hai rpi n I oop v',as nemoved by di gesti on

with 2000 U St nuclease (Sect'i on II.3.v'i .) and the DNA

phenoì extracted and recovered by ethanol preci pì tati on.

The RNA templ ate was degraded 'i n the second aì'i quot by

al kal i ne hydroìysi s and, after neut ral i zati on, uni ncorp-

orated nucl eoti des and ol i gonucl eoti de pri mer sequences

were removed by centrifugat'ion through a mini Sephadex G-50

col umn. Condi ti ons were adjusted for tai 1 i ng and an

average of 20 dC residues were added per 3'-end (Secton

u .2..i .i i . ) . 0l i go-dGg was used to pri me synthesi s of the

second strand (Section II.3.vi.).
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tJouble stranded cDNA prepared by both methods was

s'i zed by sucrose grad j ent centri f ugati on and f ract'i ons

col l ected as i nd'i cated i n F'i gure V.8. The gradi ent

profì I es for each sampl e were i denti cal and so corres-

pondi ng fracti ons were pool ed. DNA was recovered by

ethanol precipitation.

V.2.vi. Tailing of ds cDNA, Annealing to Vecton and

Transf ormat'i on

An average of 20 dC residues/3'-end were added to

the ds cDNA from size class 2 (figure V.8.) using the

condi ti ons determi ned whi I st tai 1 i ng the vector

(Sect'i on U .2.ì i i . ). Haì f the tai I ed ds cDNA was anneal ed

to 150 ng dG-tailed vector (Section II.3.vi.) and aliquots

of the anneal ed, ci rcul ar mol ecul es used to transform

competent E. col ì MC1061. A total of approximate'ly 2,500

col on'ies were generated. Three hundred of these wene

exami ned f on theì r resi stance to amp'i ci I I i n and tetracyc-

ì i ne; al I were amp.S und tet.R and thus represented true

recombi nants.

Detai ì ed exami nati on of these recombi nants 'i s

di scussed i n the next chapter.



Ffgure V.8.

Size f ract'ionation of ds cDNA.

Double stranded cDNA was loaded on to 10-40% linear sucrose

gradients and centrifuged at 180,000 g for 16 hours at 4oC. Two

size classes, l and 2 were selected and the DNA recovered by

ethanol precipitation.

0nly DNA from size class 2 was used'in the preparation of

recombi nants.
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CHAPTER VI

ISOLATION AND CHARACTERISATIOII OF RECOI'IBII{ANTS CONTAIIIIIIG

HUr{AN C0LLAGEII GENE SEQUENCES
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VI.1. INTRODUCTION

The use of pri mers speci f ic f or Pro cr 1(I ) and pro

s 2 (I ) co'l l agen sequences to prime the f ì rst strand cDNA

synthesis in the constructìon of a library (chapter v)

should resuìt in a very large proportìon of the recomb-

'i nants generated encod'i ng col ì agen. Thus, only a smal l

number of cl ones seì ected at nandom shoul d need to be

characteri sed before coì I agen encod'i ng sequences coul d be

ìdentified. However, apart from th'i s approach possjbly

be'i ng I abo¡i ous, recombi nants spanni ng reg'i ons not readi ìy

i denti f i abl e (such as those encodi ng the am'i no-propepti de '

or the 5'-untranslated region of the mRNA) are f ike'ly to be

d'i scarded. It was theref one decì ded to 'i dent'i f y recombi -

nants sui tabl e for further characteri sati on, by coì ony

screen.i ng, using the primers as hybrìdìzat'i on probe.

Because the p rimers span hel'i cal regi on encodi ng Secti ons

of c 1(I) and c 2(I) collagen, regions of the recombinants

ad jacent to the p¡imers w'i I I encode the characterì st j c

(Gly-x-Y ) pattern, read'i 'ìy 'i dentì f ì abl e by "transl ati on" of

thei r DNA sequence,

UT.2. RESULTS

VI.2.i. Colony Screeni nq

col oni es contai ni ng recomb'i nant mol ecul es (secti on

u.2.vi.) were transferred to nitrocel'l ulose f ilters by

eì ther of two methods. Those col oni es whi ch had been

p'i cked on to pl ates contai n'i ng e'ither ampi ci I I i n or tetra-

cyclìne (Section U.2.v'i .) were transferred by toothp'i ck to

c'i rcl es of n'itrocel ì ul ose on to whi ch a gri d pattenn had

been stamped. Each col ony was t ransf erred i n dupì'i cate.
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The remaìning colonies were l'i fted on to n'itrocellulose

filters using the technique developed for the transfer of

'phage (Benton and Dav'i s , 1977 ). Bacteri a were grown on

the filters untiì the colonies were clearly visible and

then ly sed i n situ usi ng the method of Grunstei n and

Hogness (1975) as described in Séction II.3.vii.

Clones were probed with a mixture of the c 1(l) and

c 2(I) 2I-mers, 5'-end labelled by kinasing (Section

II.3.'i x.), using the hybrid'i zation and wash'i ng conditions

f or primers descri bed 'i n Sect'i on I I.3.v. The detect'i on of

f our recombi nants 'i s shown 'i n Fi gure VI.1.

A totaì of e'i ghteen positi ve responseS was observed.

VI.2.i'i . Restri ction Di qesti on and Hy bridizat'i on Analysis

The colon'i es giving rise to these responses were

pi cked and smal I -scal e pì asmi d preparati ons performed on

each one (Section II.3.vii.). As a prel'iminary step, 'it

was dec'i ded to di gest an al ì quot of each pl asmi d DNA wi th

EcoRI and to fracti onate the products on an agarose gel

rather than to try to nesect the inserts with Pst 1 p¡i or

to ana'lys'i s by electrophores'i s. Although the G-C ta'i ìing

procedure 'i s desi gned to regenerate the Pst 1 s'ite af ter

annealing and ì'igation (in vivo), ìt has been reported that

as f ew as 40% of DNA sequences 'i nserted i n thi s way are

f .i nally exc.i sable by Pst 1 cleavage (villa-Komaroff g!:]-.,

1978). Furthermore, Pst 1 i s more sensiti ve to the contam-

inants sometimes present in "mini-prep."' DNA than is

EcoRI. A smal I amount of EcoRI I i neari sed pBR322 DNA was

.i ncl uded i n each track to serve as a s'i ze marker. An

.i nd.i cation of the size of the 'i nsert is prov'i ded by



Figure VI.1.

Detectìon of sequences compìementary to e'ither the c 1(I) or

the a 2(I) 2l-mers amongst recomb'inants formed from human

f i brobl ast RNA, us'ing the col ony screeni ng procedure (Sect.ion

II.3.v'iì .). colon'ies contain'ing recombinant pìasmids were tooth-
picked on to nitrocellulose fiìters, grown unt'il clearly v.isible

and then lysed in s'itu (Grunste'in and Hogness, 197s). F.iltens were

probed with 32p-labelled a 1(I) and e z(r) ol.igonucìeotìdes, washed

in 6 x SSC at 42oC and autoradiographed.

(ì ) The grid pattern on each n'itrocellulose f.ilten. One

recomb'inant was grown, in dup]icate, in each of the 100 squar-es of

the grid.

('i'i ) Autoradi ogram show'ing si gnaì s produced by hybrid'izati on

of the probe to four recombinants. These four recomb'inants were

picked from a masten pìate for further characterisat.ion.
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observj ng the extent to whi ch the recombì nant pì asmi d mi g-

rates more sl owìy than pBR322. F'i gure VI .2.i . shows the

pattern obtai ned f or twel ve of the recombi nants ' l'li th the

eXcepti on of cl one number !2, a vi si bl e 'i nsert was evi dent

in each track, although surprisingìy (since the ds cDNA had

been sì ze fracti onated ) the j nserts seemed to be qui te

small. The DNA $las transferred to two n'itroceììulose

f ilters (Sect'i on II.3.v,) and probed w'ith e'ither kinased

c 1(I ) 21-mer or ki nased a 2(I ) 21-mer. The cr 1(I ) probe

detected seven of the twel ve recombi nants and the cr 2 ( I )

probe, one recombinant (Figure vI.2.ii.). Faiìure to

detect four of the recombi nants was found to have resulted

from sel ecti on of the wrong coì oni es from the master

pì ates; the correct recomb'i nants were subsequent'ly

I ocated. 0f the e'i ghteen pos'iti ves i denti f ied at the pri m-

ary screening, seventeen cross-reacted with the c 1(I)

probe and onìy one with the e2(I) probe. 0ne of the

c 1(I) posit.i ves, called p1.57 (ìane 3 in Figure vI.2.),

andthecr2(I)pos'it'ive,calledp3.Tl,werechosenfor
f u rther characteri sat'i on -

VI.2.i'i i. DNA Se uence Anal sls

Large-scal e pl asmi d DNA preparati ons were performed on

p1.57 and p3.71 (Sect'ion II.3.viii.). A sampìe of each DNA

was digested w'ith Pst 1 and anaìysed on a polyacrylam'i de

gel (not shown ) ; both i nserts were Pst 1 exc'i sabì e. Thi s

result confirmed that the inserts were small; the c 1(I)
.i nsent was approxi mateìy 110 bp and the c 2 (I ) 'i nsert

approxìmateìy 60 bp. In each case, the homopoìymeri c tail s

contribute approx'imately ?o bases/end to the size of the



Figure YI.2.

Mini-screen exam'ination of pìasmid recombinants.

colon'ies giv'ing rise to pos'itive responses by co'lony screen'ing

(Figure vI.1.) were picked from the master plates and p'rasmid DNA

'isol ated by the "mi ni -prep. "' method (Secti on II.3.vi i . ) . An

a'liquot of each was d'igested w'ith EcoRI and electrophoresed on a l%

agarose geì. 50 ng of ìinear pBR322 DNA were included in each

track as a size marker.

(ì ) EcoRI digested DNA fnom 12 of the pos'itives, detected by

ethì d'i um bromi de stai ni ng. Two bands ('i .e. I i near pBR322 and

l'inear recombi nant ) were d'iscernabl e i n tracks 1-ll but were not

evìdent in track 12.

DNA was transfenred to n'itrocelIulose fiIters (Section

II.3.v.) and probed with either the c 1(I) 21-mer or the a Z(I)

21-rner, both radiolabeìled by kinasing (Section II.3.ix.).
(i 'i ) Autoradi ograms showi ng detecti on of recomb'i nant

sequences by either the a-l or c-2 probes.
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i nsert. Thus, the actual amount of potent'i aì 1y col I agen-

gene-deri ved sequence i n each recombi nant was - 70 bp for

p1.57 and - 20 bp for p3.71. The ìatter size 'i s

cons'i stent wi th thi s recomb'i nant be'i ng deri ved f rom a

mol ecul e of a 2(I ) 21-mer bei ng dC-tai ì ed, copi ed 'i nto ds

f orm f oì I owi ng ol i go-dGg p ni m'i ng and subsequently retai I ed

and cl oned, and so th'i s recombi nant was di scarded. It was

deci ded to analyse the 'i nsert of p1.57 by DNA sequenc'i ng -

The i nsert v,,as exci sed f rom p1.57 DNA and f ract'i onated

on a 5% poìyacrylamide gel (Section II.3.v.). Insert DNA

was recovered and I i gated i nto Pst 1 di gested M-13 mp83

vector (Sect'i on I I.3.xi'i i . ) . S'i ng'le stranded templ ate

was prepared from the resultant recombì nant 'phage and

subjected to d'i -deoxy sequenc'i ng procedures (Sect'i on

I I.3.x'i v. ). It was f ounO tfrat the sequence of the i nsert

coul d not be determi ned usì ng th'i s strategy. The presence

of the dC-dG tai I s fl anki ng the j nsert severeìy di srupted

the synthes'i s of the strand compl ementany to the templ ate

such that sequence coul d not be read (see F'i gure VI.3. ).
It was theref ore necessary to adopt an al ternat'i ve strategy

to sequence this insert.
It was dec.i ded to use the s 1(I ) synthet'i c of igomer as

p¡imer f or DNA sequencing, as this should hyb¡i d'i ze 'immed'i -

ateìy adjacent to the taiìs at the 3'-end of the insert, on

thei r 5'-si de. An M-13 recombi nant, w'i th the ì nsert i n the

orientat'i on such that the s 1(I ) 21-mer Primer ulas compìe-

mentary to 'i t, þ,as sel ected by a dot-bl ot assay usi ng 5'-

end I abel I ed 21-mer as a probe (Secti on I I.3.v. ), and

templ ate prepared and sequenced (F'i gure VI.3. ) .

The sequence, shown ì n Fi gure VI .4. , extends 41 bp



Figure VI.3.

DNA sequence determ'i nati on of pl .57 i nsert .

5 ug of p1.57 DNA were digested with Pst 1, the'insert

purified from a 5% poìyacryìamide geì (Section II.3.v.) and ìigated

into M-13 mp83 Pst 1 vector (Section II.3.xiii.). Recomb'inants

vleÌe screened with 5'-end Iabelìed cr 1(I) 21-mer by a dot-blot

assay (Section II.3.v.) and 'phage DNA prepared from one of the

pos'itives and used as template for di-deoxy sequencing using the

cr 1(I) 21-mer as a primer (Section II.3.xiv.). Products were

resoìved on a 6% DNA-sequencing ge'l and bands detected by

autoradi ography.

The sequence spans 41 bases of the'insert from 3 dG res'idues

adjacent to the primer to the poly-dc tract at the end of the

i nsert .

Note the disruption to the sequencing ladder above the dc-

ta'il s.
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Figure VI.4.

DNA sequence determì ned from p1.57 (F'i gure VI.3. ) .

The sequence is shown 5' + 3'. Above are the deduced amino

acid sequences in the three possib'le frames.



GLY LEU LEU SER ILE ASP ÀRG SER GLU GLY ÀLÀ ÀLA LEU
GLY TYP PHE GL}I '(** ILE ALI\ ÀLÀ ÀRG GLU LEU LEU cYs

T\LÀ TIIR PIIE ÀSN ARG SER GL}¡ ÀRG GLY SER cYS SER ÀLA
G G G C T A C T T T C A À T A G À T C G C À G C G À G G G À G C T G C T'C T G C T

10 20 30 40
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from the primer to the poly-dc tract at the end of the

i nsert. Thus, the extent of the 'i nsert poss'i bly deni ved

from co1 1 agen gene sequences i s 62 bp. The sequence was

"transl ated" i nto an ami no acj d sequence i n three readi ng

frames (al though, because the 3'-base of the p¡i mer was the

th'i rd base of a codon, the 5'-base of the sequence shoul d

be the first base of the next codon) as shown in Figure

VI.4. None of these readì ng frames (nor the three frames

in the other d'i rection) dispìay the (Gly-X-Y) pattern

characteri sti c of the hel i cal regi on of col I agen. Thus,

p1.57 would appear not to have ari sen from the spec'i fic

primìng of the c 1(I) 21-mer against human pro c 1(I)

mRNA. Thi s ¡ras an unexpected resul t and may 'i ndi cate that

the strategy used to construct the ì ì brary had fai I ed to

generate predomi nantly coì'l agen encod'i ng cì ones. However,

an alternat'i ve possibil'ity was that p1.57, p3.71 and

perhaps the other si xteen pos'iti ve 'i sol ates were not

representati ve of the l'i brary. The f act that these

ei ghteen i sol ates a'l I contai ned very smal I 'i nserts even

though the ds cDNA had been sì ze fracti onated was

surp¡i si ng. Analysi s of ei ght cl ones p'i cked at random f rom

the library revealed that the s'i zes of theili nserts ranged

from approximateìy 300 bp to > 1 kb (not shown). Thus, in

one sense at I east, the e'i ghteen pos'iti ves were atypi cal of

the I i brary. It was thenefore deci ded to exami ne cl ones

that the cr 1(I) and c 2(I) oligonucleotide probes had not

detected.

A recomb.i nant (cal I ed p03.3) w'ith a typ'i cal 'i nsert

si ze (approx'imateìy 580 bp ) was sel ected at random and a

ìarge-scale plasmid preparatjon performed. Two strateg'i es
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were des'i gned to sequence the 'i nsert of p03.3.

The f i rst was to i sol ate i nsert, to remove the ta'i I s

usi ng the doubì e-stranded-DNA-speci fi c exonucl ease ' Baì -31 '

and to bl unt-end l'i gate the truncated mol ecuì es i nto an M-

13 vector. 10 ug of p03.3 were di gested w'ith Pst I and the

di gested DNA i ncubated with Bal -31 f or a time (determ'i ned

by a pilot experiment) suffìcient to remove approximately

30 bp from each end of the DNA molecules. The ends were

repai red to bl unt-ends, the truncated 'i nsert mol ecul es

'i sol ated f rom an LGT-agarose gel (Fi gure VI.5.i . ) and

cloned into the Sma I s'ite of mp83. Recombinants 'i n

oppos'ite directions were isolated by compìementarity

testi ng.

Although the first strategy enabìes the sequence of

most of the i nsert to be determi ned, sequences adjacent to

the G-C tails may be lost by Bal-31 digestion, and so an

add'iti onaì strategy was empì oyed. 1.5 ug sampl es of whol e

p03.3 pìasmid were d'i gested with e'ither Hae III, Fnu DII or

Sau 3A and el ectrophoresed, al ongsi de pBR322 di gested w'ith

the same enzyme, oñ a 5% polyacryl ami de 9el (F'i gure

VI.5.'i ì.). Fragments spanning the vector-insert junct'ions

were i sol ated and cl oned i nto the appropri ate s'ite of mp83.

Recombi nants generated by both strategi es were

sequenced usi ng the di -deoxy techni que (Secti on

II.3.xiv.). Initial results revealed a high G+C content in

the sequence and so to avoi d the possi bl e mi s-readi ng of

sequences due to gel compressi ons, Sêguenci ng ì adders were

resol ved on sequenci ng geì s conta'i n'i n g 25?Á f ormami de.

F'i gure VI.6. shows a typical ladder on a f ormamìde 9el.



Figure VI.5.

subcl on.ing f ragments spann'in9 the 'insert of p03.3 'into M-l3-

Strategy 1: 10 ug p03.3 DNA were digested with Pst 1. A 1 ug

afiquot was removed and the remaining 9 ug were d'igested with lU

Bal-3f in a 25 uì volume at room temperature for 10 seconds

(cond'itions found, from a pilot experiment, to remove approxìmately

30 bp/end) and the neaction terminated by pheno'l extraction. DNA

was recovered by ethanol precìpitation and the ends repa'ired wìth

Klenow (Section II.3.ix.). Fragments were electrophoresed on a 1%

LGT-agarose geì (Section II.3.v.) and bands i¿entifjed under UV by

ethì d'ium bromi de stai ni n9: -

(i) - 1: 1 ug Pst 1 digested P03.3 DNA'

2z 9 ug Pst 1, Baì-31 digested p03'3 DNA'

The smalì reduction ìn size of the insert ('i) caused by the Bal-31

di gest'i on i s evi dent as a smal ì i ncrease 'in m'i grati on of thi s

fragment'in lane 2. This band was excìsed from the gel and the DNA

necovered.

strategy 2: 1.5 ug of e'ither p03.3 DNA or pBR322 DNA were

dìgested w.ith either Hae III, Fnu DII or Sau 3A and fractionated on

a 6% poìyacrylam'ide gel . Bands were detected by eth'idium bromide

stai n'i ng.

(ì.i)FnuDIIdìgestedp03.3DNA(03.3)andpBR322DNA

(322). The 493 bp band in the 32?lane is absent'in the 03.3 lane

but is replaced by a band at - 670 bp. This band was excised from

the geì and the DNA eìuted 'into TE.

DNA fragments generated by both strategies were ì'igated into

the approp¡iate M-l3 vectors and tr"ansformed into JM101 (Section

II.3.x'i'ii.).
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IFigure VI.6.

DNA sequence determination of p03.3 insert.

Sequences spanning the insert of p03.3 were subcloned into

mp83 using the strategies outlined in Figure VI.5. Sequences were

generated using the di-deoxy method (Section II.3.xiv.) and

sequencing ladders resolved on DNA-sequencing gels containing 25%

formami de.

The sequence shown here beglns at base 31 and extends 5'

(Figure VI.7.).



I

TCGA

--

-t¡ È

T
I\¡
I
È

Èi:

E¡¡l
-r

¡r
I

I IIt
l.t-
EQ-

I

--Èì
= \.

f¡\

\-
-r\

\È
l\\

\
ìI

\\b
I

3l



107

IV.2.iv . Exami nat'ion of DNA Sequence

The sequence of 438 bp of the p03.3 insent is shown in

Fi gure VI.7. Th'i s sequence was "transì ated" i nto the si x

possi bl e readi ng f rames. In one readi ng f rame, shov'rn 'i n

F'i gure VI .8. , the sequence shows the pattern characteri sti c

of the helicaì region of collagêî, viz., (Gly-X-Y)n for 146

consecuti ve ami no aci ds. Thus, thi s Sequence encodes a

col I agen cr-cha'i n.

To determi ne wh'i ch cl ass of col'l agen p03.3 encodes,

'its deduced am'i no acid sequence was compared with the

publ i shed am'i no ac'i d sequences f or a vari ety of cl asses

f rom a vari ety of speci es. The best aì'i gnment was f ound to

be f or the c 2(I ) cha'i n (f rom rat and/or ox) between am'i no

ac.i ds 379 and 524 of the helical reg'i on. 0f the 87 rat

and/or bovi ne am'i no ac'i ds known to span thi s regi on,

perf ect match was f ound w'ith 81 resi dues f rom the deduced

sequence. The homoìogy between the human and rat and/or

bovine sequences 'i s summanised'i n Fìgure VI'9'

Thus, p03.3 clearly encodes the amino acìd sequence

spanning resìdues 37g to 524 of the human pro (t 2(I)

coì l agen chai n. It vr¡as therefore appnop¡i ate to re-name

this clone pHpC e2 (Human pro coì'l agen, e?). The deduced

am'i no ac'i d sequence of pHpC aZ provi des the f i rst p¡imary

sequence for thi s regi on of the human c 2 ( I ) chai n.

þlhi I st al i gni ng the deduced ami no aci d sequence wì th

the sequences of other coì ì agen q-chai ns, a number of

reg.i ons of sequence homol ogy were obse nved between

anal ogous reg'i ons of di f f enent cha'i ns. The most extens'i ve

of these .i s shown 'i n F'i gure vI .10. seventeen consecuti ve



Fiqure UI.7.

DNA sequence determ'ined f rom p03.3.

The sequence, which spans 438 bp, is shown 5, + 3'.



10 20 30 40 50 60
GGCCTCCCTG GCATCGÀCGG CÀGGCCTGGC CCÀATTGGCC CÀGCTGGAGC ÀÀGAGGÀGAG

70 80 90 100 110 720
CCTGGCAÀCÀ TTGGATTCCC TGGACCCA^A GGCCCCÀCTG GTGÀTCCTGG CÀÀÀÀÀCGGT

130 140 150 160 770 180
GATAAAGGTC ATGCTGGTCT TGCTGGTGCT CGGGGTGCTC CAGGTCCTGA TGGÀAACÀAT

190 200 210 220 230 240
GGTGCTCAGG GÀCCTCCTGG ÀCCÀCÀGGGT GTTCÀAGGTG GAÀÀAGGTGA ACAGGGTCCC

250 260 ?70 280 290 300
GCTGGTCCTC CÀGGCTTCCA GGGTCTGCCT GGCCCCTCAG GTCCCGCTGG TGAAGTTGGC

310 320 330 340 350 360
ÀÀÞ.CCAGGAG }.AAGGGGTCT CCÀTGGTGAG TTTGGTCTCC CTGGTCCTGC TGGTCCÀAGA

370 380 390 400 410 429
GGGGAACGCG GTCCCCCAGG TGAGÀGTGGT GCTGCCGGTC CTACTGGTCC TATTGGAAGC

430
CGÀGGTCCTT CTGGÀCCC



Figure VI.8.

Amino acid sequence deduced from the DNA sequence of p03.3

(F'i gure VI .7 . ) .

The DNA sequence of p03.3 was "translated" into the six possi-

ble reading frames. In one frame, shown, the sequence showed the

pattern characteri sti c of the hel i cal regi on of a col l agen cr-cha'in,

vþ., (Gly-X-Y)n.



GLY LEU PRO GLY ILE ÀSP GLY ÀPG PPO GLY P:qO ILE GLY PRO ÀL\ GLY ÀLÀ .LCG GLY GLU

G G C C T C C C T G G C À T C G À C G G C A G G C C T G G C C C À À T T G G C C C À G C T G G À G C À .ì G À G G À G À G

10 ?0 30 40 50 60

PqD GLY .¡.S}I ILE GLT PI.]E PRO GLY PRO LYS GLY PRO TTIR GLY ISP PRO GLY LYS À5N GLY

c c T G c c .t ¡. c À T 1 G c À 1 1 c c c T G G À c c C À À .t G G C C C C À C T G G 1 G À T C C T G G C À ¡, À À À C G G T
70 80 90 100 110 120

¡5P LYS
GÀTÀÀÀ

GLY
TGCTGGTC

1

HIS
cÀ

30

.CLÀ GLY LEU ÀL\ GLY ÀL\ ÀRG GLY ÀL\ PRO GLY PRO ÀSP GLY ÀS¡¡ ÀSN
lTGClGGlGCTCGGGGTGCTCCÀGGTCCTGÀTGGÀÀACÀàT

40 150 160 770 180
GGT

1

GLY ÀL}. GL}¡ GLY PRO PRO GL'J PRO GL¡I GLY VÀL GL}I GLY GLY LYS GLY GLU GL¡I GLY PRO

G G T G C T C À G G G À C C 1 C C T G G À C C.\ C ÀG G G T G T 1 C ÀÀ G G 1 G G ÀÀÀÀ G G T G ÀÀC ÀG G G T C C C

190 200 210 220 230 240

ÀL\ GLY
GClGGl

PPO PRO GLY PI{E GL}I GLY LN' PRO GLY PRO SER GLY PRO ÀIå GLY GLU VAL GLY

LYS PRO GLY GLU ÀRG GLY LEU HIS GLY GLU PHE GLY LEU PRO GLT PRO 
.ÀLÀ GLY PRO À8G

¡,ÀÀ C C À G GÀG ÀÀÀ G G G G T C T C C A T G G T G À G T T T G G T C TC C C T G G 1 C C 1 G CTG G T C CÀÀ G À

310 320 330 340 350 360

GLY GLU LCG GLY PRO PRO GLY GLU SåC GLY ÀIÀ ÀLA GLY PRO ÎT{R GLY PRO ILE GLY sER

GGGGÀÀCGCGGTCCCCCÀGGTGÀGÀGTGGlGCTGCCGGTCClÀClGGTCCTÀTlGGÀÀGC
370 380 390 400 410 420

ÀRG GLY PPO SER GLY PRO

CGÀGGTCCTTClGGÀCCC
430

300?90280270?60
ccTc

250
CÀGGCTlCCÀGGGTCTGCCTGGCCCCTCÀGGTCCCGCTGGTGÀÀGTlGGC



Figure VI.9.

Alignment of prote'in sequence deduced from the DNA sequence of

p03.3 with known e 2(I) cotìagen protein sequence.

The protein sequence, deduced from the DNA sequence of p03.3

(Figure VI.8.), was aìigned with bovine or rat a 2(l) colìagen

sequences (Fietzek and Kühn,1976), spanning res'idues 379 to 524 of

the helical region. The residues where the human sequence d'iffers

from the rat or bovine sequence are ind'icated; dashes nepresent

those res'idues which are e'ither common to both human and rat or ox,

or are not known in these species (res'idues 406-425 and 451-489).



379 395

Ala

399

' Pro

401

Asn

446

Pro

497

Pro

507

Ser

524



Figure VI.10.

Amjno acid sequence homoìogy between cr 2(I), c 1(I) and

c 1,(III) peptides.

comparison of the amino acid sequence of the chick, rat and

bovine a 1(I), the bovine a 1(II) (Fìetzek and Krthn, 1976) and

human o 2(l) (deduced from the DNA sequence of pHpc a2) between

residues 454 and 470. Residues identical to the øz(l) sequence

are ind'icated by dashes; amino acids which dÍffer are named.



454
470

a 2(I) Gly Glu Gln Gly Pro Ala Gly Pro Pro Gly Phe Gln G1y Leu Pro Gly Pro

460

human

chi ck

rat

bovi ne

)
Ala

Ser

Ser

) cl 1(r)

)

bov'ine c 1(II) A'la Hyp Ser
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residues of the human c 2(I) sequence can be aìigned with

the rat, ch'i ck and bovi ne c 1( I ) sequence w'ith on'ly one

residue change, and with the bovine a 1(II) chain with

three changes. Shorter regi ons of perf ect homol ogy ('i .e.

no resi due changes ) were aì so observed, notably between

residues 403 and 409 of the human cr 2(I)' chick, rat and

bovine cr 1(I), bovine a 1(II) and bovine a 1(III) chains.

Regi ons outsi de these bl ocks showed, apart from havi ng

g'lycine as every th'i rd res'i due, no significant homology

between the di fferent chai ns.

VI.2.v. Discussion

01 i gonucì eoti de p ri mers compl ementary to sequences

encoding reg'i ons of the human a 1(I) and a 2(I) coìlagen

hel'i x have been used to construct a cDNA f ibrary f rom human

fibroblast mRNA. A'lthough the size of the'l 'i brary was

smaì I , i t 'i s possi bl e that many of its members encode

co'l 'l agen sequences as a recombi nant (p03.3) se'l ected at

random was found to encode part of the human cr 2(I)

chain. Consequent'ly, this clone ulas renamed pHpC e2-

Surprìsin9lY, probing the 'l ibrary wìth the a 1(I) and

c 2(I) primers detected onìy a small number of recombi-

nants. In each case, these recombi nants contai ned atyp-

'i ca1ìy smaì I j nserts. Sequence anaìysi s of one of these

r"evealed a sequence inconsistent w'ith this recombinant

hav'i ng a¡i sen from a specific priming event on a coììagen

mRNA. The reason why the recombi nants that contai n the

p¡imer sequence appean to be atyp'i cal 'i s not known. It i s

un'l i keìy to ref I ect some f a'i I ure of the synthesi s of the

first strand of cDNA as alignment of the deduced amino acid
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sequence of pHpC a2 w'ith known c 2(I) sequences' pos'it'i ons

its start at between residues 530 and 540' and since the

primer extended between residues 536 and 542, it is ìikely

that pHpC s,2 arose f rom spec'i f i c pri mi ng at thi s poi nt .

pHpC cZ enables the first primary sequence of the

human a-chain for the region it encodes to be deduced. In

addition, it witl be able to be used as a molecuìar probe

to detect both human a 2(I ) transcri pts and the reg'i on of

the human gene that it sPans.



CHAPTER VII

FINAL DISCUSSION
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The a'i m of the work descri bed i n thi s thesi s has been

to construct mol ecul ar probes for human type I coì I agen

gene sequences. Initi aì attempts to 'i sol ate type I

sequences from a human recombi nant gene bank usi ng cr"oss-

spec'i es hybri d'i zati on probes proved unsuccessf ul , probably

as a resuìt of our aliquot of the library not be'i ng truly

representati ve of the genome. An alternati ve stratê9Y '
involv'i ng the construction of a cDNA ì'i brary from human

f ibroblast RNA, was undertaken. Synthet'i c oìigonucleot'ide

pri mers were empl oyed to bi as the ì'i brary towards be'i ng

en ri ched fo r the 5' -haì ves of type I coì ì agen sequences . A

recombinant, caìled pHpCc2, containing sequences encoding

part of the human e 2 ( I ) chai n, was i denti fi ed.

DNA sequence ana'lysi s of pHpCa2 enabl ed the primary

structure of the human c 2(I) chaìn between res'i dues 379

and 524 of the hef i cal regi on to be deduced. These data

expand upon those determined for both c 1(I) and a 2(I)

cha'i ns f rom human and other speci es determi ned by other

workers (see Secti on I .3. ) .

In addit'i on to providing primary sequence data, PHpCc2

is able to be used as a molecuìar probe for the spec'i fic

analysi s of human pro c 2(I ) col ì agen genes and the'i n

transcri pts. 0f part'i cul ar i nterest 'i s the analys'i s of

potent'i al ìy aberrant c 2(I ) genes associ ated with primary

col I agenopathi es (see Secti on I .4.i . ) . Determi nati on of

the exact site of a Iesìon in a type I collagen gene g'i ving

ri se to an aberrant phenotype, and 'its correl at'i on wi th the

nature of that phenotype, shoul d contri bute s'i gni f ì cant'ly

to an understand'i ng of the compì ex i nteracti ons occu rri ng

'i n connective t'i ssue.
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Al though most stud'i es to date have onl y 'i dent'i f ied the

nature of the I es'i on 'i n a general sense If or exampl e, Barsh

et al . (1982) conclude from in vivo pnotein labelì'i ng

expe¡iments that one pro cr 1(I) alìele is non-functjonal in

a case of 0.I. I], recent approacheS using gene probes have

enabìed some ìesions to be prec'i sely identified. The best

documented of these 'i s that of a 0.5 kb del eti on 'i n one

pro q 1(I) alleìe, result'i ng in amino ac'ids 325 to 410

being absent from the c 1(I) peptide (chu et al., 1983).

Tri mers contai ni ng the shortened Pro s 1(I ) chai n v',ere

rap.i dly degraded, resuìti ng i n a def i c'i ency of type I

col I agen and the cl i n'i caì symptoms of pe¡i nata'l I ethal

0.I . Deì et.i ons at the 3', -end of the c 1(I )-l i ke gene have

al so been 'i dent'i f ied as the causati ve I es'i on 'i n several

cases of peri natal I ethal 0. I. (Sykes, 1983) '

The fact that i n both these cases the genes encode

aberrant col I agens as the resul t of the presence of 1 arge

de'l et'i ons probabìy refìects the relat'i ve technical ease ìn

whi ch genes conta'i ni ng del eti ons can be i denti f i ed. Exper-

i ence w'ith other gene systems ' parti cuì arly the gl obi n

genes, 'i ndi cates that a wi de range of I esi ons are poss'i -

bl e. 0f parti cul ar i nterest, si nce coì I agen genes contai n

many i ntrons, are I esi ons g'i v'i ng ri se to aberrant spf ici ng,

a wide range of wh'ich have been identified in the glob'in

system (reviewed by Mount and Steitz, 1983). However'

i denti f icat'i on of l es'i ons other than l arge deì eti ons usi ng

gene probes alone may not be technica'l ìy straightforward,

as the type I genes (and the'i r primary transcri pts ) span

appnox'imately 40 kb. The most fruitful approach may be to

Iocaf ise the Iesion us'i ng techniques such as high resolu-
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ti on pepti de mappì ng and then to use gene probes to

characteri se the I esi on i n detai ì .

Ultimatê1y, sequences spanning the entire type I mRNAs

and genes w'i I ì need to be constructed to f uì 1y characteri se

both normal and abnormal co'l I agen genes and thei r expres s-

ion. Atthough pHpCc2 was the only colìagen-encod'i ng recom-

binant exam'i ned in detail, it is ìikeìy that many more

collagen-encoding clones are present in the cDNA library.
Characteri sati on of add'it'i onal i sol ates shoul d enabì e

i denti f icat'i on of sequences spanni ng f rom the CAP s'ites to

the priming sìtes (used during constructìon of the

library), of both the s 1(I) and c 2(I) mRNAs.

However, even 'i n the absence of compl ete type I

sequences, some expeni ments can be performed on coì ì agen

genes . A preì i mì nary experiment was perf ormed 'i n wh'i ch

5 ug of human f ibroblast, cytoplasm'i c RNA was glyoxylated,

f ract'i onated on an agarose 9el , bl otted on to n'itrocel I u-

I ose (Thomas, 1980) and probed w'ith pHpCc2 'i nsert (F'i gune

VI I.1. ). A si ngì e 5.7 kb transcri pt was detected. Thi s

result is a little surprising, as Myers et al. (1983) have

reponted detectì ng four polyadenyl ated transcri pts from the

human a 2(I) gene, each d'i f f eri ng i n the l ength of thei r

3'-untransì ated regì on. It i s i nteresti ng to note that

these workers exam'i ned total RNA whereas I have used only

cytopìasm'i c RNA. tJickens and Gurdon (1983) have reported

that partiti on'i ng of tnanscri pts between the nucl eus and

cytop'l asm occurs on the basis of their 3'-end. It is

therefore poss'i ble that the 5.7 kb c 2(I) coìlagen trans-

cri pt js the onìy one with a fuì'ly mature 3'-end. Further

analysìs should enable th'i s hypothesis to be tested.



FIGURE VII.1.

Northern blot analysis of human c 2(I) transcripts.

5 ug of human fibroblast cytoplasmic RNA (Section II.3.i'i'i .)

were glyoxylated, fractionated on a 1% agarose geì and bìotted on

to nitrocellulose as described by Thomas (1980). The filter was

probed with 106 cpm of pHpCc2 insert, labelled by nick translation

(Section II.3.ix.), and washed at 0.2 x SSC/0.1% SDS at room temp-

erature. Bands were detected by autonadiography.

Position of the 18S and 28S RNAs, determined by ethidium

brom'i de stai ni ng an ad j acent geì I ane , i s 'i ndi cated .



-o

28S

18S
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In addìtion to enabììng the size of transcripts to be

determined, northern blot analys'i s is 9b'le to prov'ide some

i nformati on as to the abundance of a transcri pt. However '

a more sensi ti ve assay i s to perf onm DNA-excess 1i qu'i d

hybr j d'i zat j on f ol I owed by S1 nucl ease di gesti on and analy-

s i s of the amount of RNA-p rotected DNA. Radi ol abel 1 ed,

sìngìe stranded DNA synthesised from pHpCcrZ sequences in

M-13 templ ates wou'l d be a su'itabl e probe to quanti tate

human c 2(I) transcripts. Alternatively, the synthetic

2L-mers, 5'-end I abel I ed, woul d al so be sui tabl e fon thi s

type of analysis.

pHpCc2 should also prove useful in the preparation of

pur"ìfied human pro a 2(I) mRNA. Single stnanded pHpCcr2

sequences bound to fjltens can be used to specifically
'i solate c 2(I) mRNA from a complex mixture of RNA, even if

it is present in only Small amounts. Specifjc mRNA can

subsequently be eluted for further analysis (e.9. by

tnanslatìon).
Thus, both pHpCe2 and the ol'i gonucleotide pr.imers are

usef ul , characteri sed tool s f oli nvestì gati on of human type

I co'l lagen genes and their expression and it is intended

that they should be freely available.
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POSTSCRIPT

Although DNA sequence analysis of the 1.5 kb EcoRI fragment of Pnc-8

had failed to identif y this fragment as encoding collagcn sequences, the

fact that it hybridized strongly to cDNA prepared f¡om size fractionated,

poly(A)+ RNA, isolated from chick embryo calvaria, suggested that it

encoded some protein. With the advent of computer data bases containing

largc amounts of DNA sequence, it has become possible to compare sequences

to virtually all the known DNA sequence and hence possibly identify the

unknown sequence.

The sequence of the pl.5E insert \À,as compared to the EMBL Nucleic Acid

Data Base (Kindly performed by Dr. A. Rienser, C.S.I.R.O., Molecular

Biology Division). Several stretches of homology were observed, but the

most significant of these \ilas a continuous stretch (if one base was removed

from the Pnc-8 sequence) of 77 bases between the most 3'-end of Pnc-8 and

part of Col Hl.l (Bernard g!-a-[., 1983) encoding amino acids (numbered from

the carboxyl terminal) 24 to 49 of the human pro <2(I) collagen chain.

This homology is shown in Figure P. l.

Significant homology between the remaining -1400 bases of Pnc-8 and

Col Hl.l \ilere not observed. This observation, combined with the

hybridization results using cDNA probes to both Pnc-8 and 
^ 

122 suggests

that Pnc-8 may be an aberrant clone, although to confirm this would require

the demonstration of a difference of restriction pattern between Pnc-8 and

uncloned human genomic DNA. An alternative and intriguing possibility is

that Pnc-8 encodes âD, as yet unidentified, protein which either

fortuitiously, or for functional reasons, shares homology with the 
^,2(I)

collagen chain. Further analysis would be required to address this

possibility.



Figure P.1.

Comparison of the sequence of the 1.5 kb EcoRI fragment with

those of a data base.

The sequence of the 1.5 kb EcoRI fragment of Pnc-8 was

compared to the sequences in the EMBL Nucleic Acid Data Base. The

most significant homo'logy was between the seqence at the 3,-end of

Pnc-8 and two blocks of ColHl.1 (Bernard s! al., 1983). Removal of

the G res'idue at posìtion 1406 in Pnc-8 ('indicated thus ,11
enabl ed a conti nuous homol ogy of 75 bp to be found.



c0LH1.1

Pllc8 .1

ztog 21tg 2729 2139 2749 2759

> C}.ÀTC]ì,TTGA ATÀCÀÀA¡,CA À.ÀTÀAGCCAT CÀCGCCTGCC CTTCCTTGAT ÀTTTA"AÀ ITA

* * x 
--i** lÉ********* ***ttJÊ***** ********* **lÊ * *

> AÀTCATTGAÂ TÀCAÀAACAG .\ATAÀGCCAT CA,CGCCTGCC CTTCCTTGqG ÀTTGCÀCCÎT

138t 
- 

13?6 
----- -1406 7476 L426 1436

c0LH1 .1

Ptfc8.1

2064 ?074 2084 2094 270
-i-rrcrrcrAcA Tcccrccrcr À¡'ÀAÀGAcÀÀ ATGAATGæG

*x* * * i(-****jl+x**tt*****x***'
> TTTTCTTCTC TTTGA.AACAG ÀÂAAÂG¡'CAÀ' ÀTGÀÀTGGGG

1340- 1350 1360 t370 138
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1. The wonk pnesented i n thi s thesi s descri bes the

const ructi on of gene probes speci fi c for human type I

procoì I agen sequences . Such probes enabl e the genes (and

thei r t ranscri pts ) encod'i ng both nor"mal and aberrant

coì I agens to be examì ned. Correl ati on of the natune of the

defects gi vi ng ri se to abnormal col I agens with the changes

i n the overal I properti es of connect'i ve ti ssue may

contri bute to an understand'i ng of the compì ex i nteract'i ons

'in th'is tissue.

?. A recombi nant human genomal ì i brary u,as screened

with tvvo, independent, cross-species coììagen gene probes,

v'i 2., pant of the sheep pro a 2(I) gene (deri ved from the

genomal clone SpC3 - gift from P. Tolstoshev) and cDNA made

fnom fract'i onated ch'i ck embryo calvaria RNA. A

recombi nant, cal I ed Pnc-8, was 'i sol ated and characteni sed

by restni cti on mapp'i ng and hybri di zati on anaìysi s. A

region contained on a 1.5 kb EcoRI f ragment of Pnc-8 was

identified as probabìy conta'i ning coììagen gene sequencesr

by virtue of its strong hybri d'i zat'i on to cDNA.

3. DNA sequence analysi s of the 1.5 kb EcoRI fragment

of Pnc-8 f a'i ìed to reveal 'i denti f i abl e co'l ì agen gene

sequences. It seemed ì ì kely that thi s i nabi ì i ty to
'i dentify co'l ìagen sequences resuìted from the fact that

these sequences spanned one end of the gene (for. which

prote'i n sequence data wene not avai I abl e ) and so coul d not

be recogni sed as encod'i ng col l agen. The 1.5 kb f ragment

was thenef ore used as a probe to re-screen the genom'i c

ì i brary 'i n an attempt to "chromosome cnawl " i nto the rest

of the putat'i ve co'l l agen gene. Although a potentì al ìy
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overìapp'i ng clone, 
^122, 

was isolated, it failed to cross-

react wi th cDNA and thus was unì i kely to encode co'l ì agen

sequences.

These resul ts suggested that our aì'iquot of the human

I i bnary was not truìy representat'i ve of the human genome

and so an alternat'i ve approach f or the 'i sol ati on of

recomb'i nants encod'i ng human coì'l agen gene sequences was

i nvesti gated.

4. 0ìigonucleotide primers complementary to helix

encodi ng reg'i ons of tyPe I col'l agen genes vlere synthes'i sed

and used to prime cDNA synthesi s f rom RNA 'i sol ated f rom

human f i brobl asts. Doubl e stranded cDNA v.las used to make a

'l i brary of pì asmi d recomb'i nants. Characteri sat'i on of one

of the recombì nants i denti fi ed a sequence encodi ng

approxìmateìy 146 amino acids of the human pro a 2(I) gene.

5. The use of recombi nants i sol ated from the cDNA

library to anaìyse coììagen genes and the'i r transcri pts js

di scussed.
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