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CHAPTER 1 

INTRODUCTION 

З&іиЫіілг and Sanction ofi iukaDiyotie. т&итдел RNA 

In eukaryotes the genetic information stored in the nuclear DNA 

is expressed in the synthesis of proteins in the cytoplasm. Messenger 

RNA (mRNA) is the intermediate carrier of information from the nucleus 

to the cytoplasmic polyribosomes where it functions as the template in 

the translation event. Study of the structure of eukaryotic mRNAs revealed 

that the messengers have been derived from the primary transcription 

products by some post-transcriptional modifications, as processing,poly-

adenylation and methylation. Excellent review articles have been published 

recently concerning the structure of mRNA in relation to its function 

(1-4) and to its possible processing from nuclear precursor molecules 

(5-8). Therefore, I shall restrict myself to some general remarks about 

the structure and function of eukaryotic mRNAs. 

Eukaryotic cytoplasmic messengers are heterodisperse with a size 

distribution ranging from 8 to 30S (9), according to the variety of 

polypeptides which are encoded by these mRNAs. Additionally to the 

obligate presence of the polypeptide encoding sequence the messenger 

possesses some other characteristic nucleotide sequences, such as a poly-

adenylate (poly(A)) sequence, a blocked methylated 5' terminus, some 

methylated nucleotides and noncoding sequences. 

Some seventy to ninety per cent of the mRNAs appear to contain a 

poly(A) sequence at the З'-ОН terminus(l,10) which is added to the 

messenger in post-transcriptional adenylation. The exact function of the 

poly(A) segment is unknown. It is not required for proper translation, as 

is established by the functional capability of nonadenylated mRNA species 

(11, 12) and of poly(A) containing species that have been enzymatically 

deadenylated (13-15). Nor is it an absolute requirement for transport of 

mRNA from the nucleus, since histone mRNA, which lacks poly(A), is rapid

ly transported to the cytoplasm (16, 17). One possible function of the 

poly(A) sequence could be the stabilization of the mRNA. Deadenylated 

globin mRNA appeared to be much less stable following injection into 
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Хепорил oocytes (15, 18). Furthermore, reinitiation of translation of 

deadenylated ovalbumin mRNA was also found to be much less efficient 

when compared to the polyadenylated mRNA (19). With aging the poly(A) 

track shortens from about 200 nucleotides to about 50 nucleotides at stea

dy state (20-22). 

Methylated mRNAs were initially demonstrated in mouse L cells (23) 

and in Novikoff hepatoma cells (24). Methylation has subsequently been 

shown to be a general feature of a wide variety of cellular mRNAs (25-29) 

and viral RNAs (30-33). Methyl groups have been identified in two types 

of nucleotide structures: blocked 5' termini ("caps") and internal 6-methyl-

adenosine (m
6
A). A general structure of the cap is proposed, in which a 

7-methylguanosine residue is joined by S'-S' pyrophosphate linkage to a 

2'-O-methylnucleoside (34). Particularly in cellular mRNA the 5' terminal 

cap can be either m^S'JpppiS'JN'm-N" (cap-1) or m ^ S ' )???{$' )N
,
m-N"m-

-N
1
" (cap-2), containing one and two 2

l
-0-methylnucleosides, respective

ly (26, 27, 35). Additional methylation of 1-3 adenosine residues occurs 

internally, somewhere between the S'-cap and the 3'-poly(A) segment (24, 

29). These internal m
6
A residues are not found in VlctyoòteLLum mRNA (36) 

and in globin mRNA (37). Therefore, it seems that internal methylation is 

not essential for mRNA functioning in translation. It might play a role 

in the possible processing of heterogeneous nuclear RNA (HnRNA) to mRNA, 

because HnRNA contains S'-caps (cap-1) as well as internal m6A (35, 38, 

39). A cap structure has also been identified in mRNAs of known coding 

function. The 5'terminal sequence of silk fibroin mRNA of ВотЬух-толл. 

appears to be exclusively a cap-2 structure (40). Globin mRNA contains 

a m
7
G blocking group at its 5' terminus (41) and here cap-2 containing 

mRNA appears to be more common than cap-1 (37). Ovalbumin mRNA similar

ly appears to have a capped 5' terminus (42). The cap-2 structures seem 

to arise from cap-1 by a secondary methylation that occurs after the 

mRNAs has entered the cytoplasm (35, 43). It might be possible that cap-2 

is characteristic for relative stable mRNAs and this suggests some special 

function of the secondary cytoplasmic methylation (35). There is evidence 

that mRNAs without caps are translated much less well than mRNAs with 

caps (44). This is possibly due to the influence of the cap on the bin

ding to ribosomes (45). Although poliovirus RNA lacks a cap and, 
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nevertheless, is translated (46), it is assumed that in other mRNAs the 

methylated cap is an important signal for mRNA recognition by ribosomes 

and/or initiation factors (47). 

Besides coding sequences, poly(A) segments and caps, all mRNAs con

tain additional sequences which should have another function. In some 

mRNAs these noncoding sequences seem to be rather long, e.g. in the 

messengers coding for ovalbumine (48), kératine (49), inriunoglobulin 

light chains (50), 6-crystallin (51) and ctAî-crystallin (52). Sequence 

analysis of the 3' region of the messengers coding for a- and 3-chains 

of rabbit (53) and human (54) hemoglobin, mouse immunoglobulin L-chains 

(55) and chicken ovalbumin (56), revealed a common sequence AAUAAA 

near the 3' end of these messengers (53, 54). Although the function of 

this sequence remains obscure it is suggested that it may be related 

to the termination of transcription (53). Moreover, it appeared that 

human and rabbit globin mRNA possess very similar 3' noncoding sequences 

(54). That these sequences are conserved in evolution, probably more than 

the coding sequence, suggests an important sequence-specific function 

(54). Sequence analysis of other purified eukaryotic mRNAs, for instance 

aAa-crystallin mRNA from calf and rat lens, will probably provide more 

information about noncoding sequences. 

Le.ni тШАо and pioteÁnb 

In the highly differentiated lens tissue the synthesis of a speci

fic class of structural proteins, the crystal lins, takes place. The 

broad knowledge of the structural proteins of the mammalian lens and the 

more limited knowledge of the biosynthesis of lens proteins have recently 

been reviewed by Harding and Dilly (57) and by Bloemendal (58), respec

tively. The mRNAs coding for the subunits of calf α-crystal lin are mostly 

studied. Of the four calf α-crystal lin subunits Ai, Aa, Ъі and Вг, αΑ
2 

and аВг are primary translation products, encoded by a 14S and a IOS mRNA, 

respectively (59). It should be stressed that the aA
2
-messenger is al

most twice as long as the aB2-mRNA (52, 60), whereas the Аг and 

B
2
-polypeptides comprise 173 (MW.19,830, ref. 61) and 175 (MW. 20,070, 

ref. 62) amino acid residues, respectively. The hi and Bi-subunits are 

assumed to be derived from the Аг and B2-subunits, respectively, by 
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deamidation (63-65). In the left side of Fig. 1 this data is depicted. 

It is possible to separate the A and B-chains by sodium dodecylsulphate 

Polyacrylamide gel electrophoresis (SDS-page), suggesting that the 

B-chains possess a higher molecular weight than the Α-chain. Probably 

this effect is due to some configurational difference between the two 

subunits, since they behave identically in SDS-page in the presence 

of 6M urea (66). Isoelectrofocusing (IEF) fractionates the four 

a-crystallin subunits on basis of their charges (Fig. 1). 

a-crystallm 

CALF 
SDS-page 

a B -
( M W 2 0 0 0 0 ) a A -

14 S mRNA 

RAT 

_aAHMW 24000) 
- a B 
- a A 

I E F 

. a A , - - · 

аАг — - # - aA 2 14 S mRNA 

lOSmRNA — » ^ а В г - — 

- a A I *—14 S mRNA 

-»· - a B 2 < — I O S mRNA 

Fig. 1, Cai-jJ and nat a-dftyitalLin òubuniti and theMi телішдель. 
Sodium dodecylsulphate Polyacrylamide gel electrophoresis (SDS-page) 
and isoelectrofocusing (IEF) of a-crystallin are described in the 
method section of chapter 2. 

In order to create more possibilities to study biosynthesis and 

functioning of mammalian lens mRNA we started to investigate mRNAs 

present in rat lens. The use of rat lens has some advantages over the 

calf lens system. The lenses can be obtained very freshly, which is 
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usually not the case with calf lenses. Lenses are available from rats of 

different ages (from 18 days old embryos to animals of several years), so 

that the influence of differentiation and aging on lens mRNA and proteins 

can be studied in more detail. Moreover, it is probable that lens mRNA 

and possible mRNA-precursors can be radioactively labeled ¿n v-Lvo. The 

¿n vivo labeling of rat lens proteins was already described (67). The labe

ling kinetics of lens mRNA ¿n vivo and in rat lens culture will provide 

information about messenger biosynthesis. In chapter 2 of this thesis 

a survey of the soluble proteins and their mRNAs in one-day-old rat 

lenses is presented. A resemblance with the mRNA and protein content of 

calf lens was observed. Striking was the presence of an additional 

a-crystallin subunit,designated aAI (in chapter 2 referred to as aX), with 

molecular weight of about 24,000. In chapter 2 and in more detail in 

chapter 3 it is described that a 14S mRNA fraction is coding for aAI as 

well as for аАг. Together with the observation that a IOS mRNA encodes 

the aB2-subunit, like in calf lens, this data is summarized on the right 

side of Fig. 1. In consequence of the difference in charge between aAI 

and the other a-crystallin subunits (compare Fig. 1) is was possible to 

purify this subunit and to determine its primary structure (chapter 4). 

It appears that the additional rat subunit is an Α-chain with an Liternal 

or Jnserted amino acid sequence. Therefore, the designation aAI is intro

duced. The occurrence of aAI in different species (chapter 4) suggests 

the origin of the oAI-gene from an insertion in a duplicated aA-gene 

which has happened in the stemline of some rodent species. 

Both, calf and rat aA2-subunits, containing 173 amino acid residues 

(62, 68), are encoded by a 14S mRNA indicating that the long noncoding 

regions in these messengers are conserved in evolution. In order to 

determine possible homologous sequences in the calf and rat 14S mRNA, 

hybridization experiments with purified, iodinated 14S messengers and DNA, 

complementary to these mRNAs, (14S cDNA) were performed (chapter 5). 

The results of these experiments suggest that the homologous sequences 

observed in both messengers are not randomly distributed over the mRNA 

molecule. 

The experiments described in this thesis are thought to serve as 

a stimulus for further investigation in structure and function of 14S 

mRNA from rat and calf lens and in the biosynthesis of lens mRNA. 
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CHAPTER 2 

Isolation and Characterization of Rat-Lens Messenger RNAs 
Comparison of Lens Proteins, Synthesized in Lens Culture 
and in Homologous and Heterologous Cell-Free Systems 

Louis H C'OHf N. Dimphy Ρ Ι M SMITS, and Hans BLOI Mt NDAI 

L aboratonum voor Вккіістіе, Universiteil van Nijmegen 

(Received March 10 May 14. 1976) 

Messenger RNA has been isolated from rat lens tissue The mRNA species which codes for the 
A2 chain of a-crystallin. revealed the same extremely high sedimentation value (14S) as the correspond
ing messenger from calf lens However, it has been shown that in rat lens the 14-S messenger prepara
tion directs the synthesis of an additional a-crystallin chain, designated as aX with an approximate 
molecular weight of 24000 For comparative purpose crystallm synthesis has also been studied as 
well in cultured rat lens cells as m the rat lens cell-free system. 

For reliable information about biosynthesis, pro
cessing and properties of eukaryolic messenger RNAs 
a pure mRNA, which is coding for a single easily 
delectable and well-characterized protein, should be 
available Until now a limited number of more or less 
pure mRNAs have been isolated, namely the mRNAs 
coding for α and /i-globin [1], ovalbumin [2], immuno-
globin [3], silk fibroin [4] and keratin [51 The eye lens 
appeared to be an excellent source for the isolation of 
mRNAs, which are coding for the lens structural 
proteins, the crystallins Messenger RNA has been 
isolated already from calf [6] and chick lens [7,8] The 
most highly purified messengers are those coding for 
aAz-crystallms [6] and ò-cryslallins [8], respectively 

However, in our present experiments, devised to 
investigate the biosynthesis and processing of 2A2 
messenger RNA, for technical reasons thecal!" lens did 
not seem to be the most suitable system For such 
studies the one-day-old rat lens, which can be ob
tained very fresh in a fairly large quantity, appeared 
to be preferable These lenses contain a high percentage 
of a and γ-crystdllin and a relatively low amount of 
/<-cryslallms Compared to the yield obtained from 
calf lenses, one can isolate a rather high amount of 
polyribosomes from rat lenses. Like calf lens яАі 
mRNA [6] the rat lens αΑτ mRNA can easily be 
separated from the bulk of the mRNAs by sucrose 
gradient centrifugalion, because of its higher sedi
mentation coefficient (14 S) In order to characterize 
the isolated mRNAs they were translated in the reti
culocyte cell-free system. The synthesized proteins were 
compared to the native rat lens proteins and to the 

labeled proteins, synthesized in the rat lens culture, 
and to those synthesized in the rat lens cell-free system. 
In all the systems virtually the same set of rat lens 
crystallins were made 

In contrast to calf lens, in which aAi and аВг are 
the only primary gene products (αΑι and αΒι arise by 
deamidation from αΑι and aBa, respectively; [9- 11]), 
in one-day-old rat lens a third α-crystallin subunit is 
found Like the 2A2 chain, this additional polypeptide 
(rcfered to as aX) is also coded by a 14-S mRNA 

MATERIALS ANO MFTHODS 

One-day-old Wistar rats were used Oligo(dT)-
cellulose ("12) was purchased from Collaborative 
Research Inc. 1 -[,sS]Mcthionine (spec act 170-200 
Ci, mmol) was bought from Radiochemical Centre, 
Amersham Flow Lab Ltd supplied the new-born calf 
serum and tissue culture media 

All buffers were standardized to the desired pH 
with concentrated HCl at 4 С and, unless otherwise 
stated, all operations were carried out at 0 — 4 C. 
Centrifugalion gravity values are quoted as the average 
# values generated at particular speeds of rotation 

Isolai ion of Polrnhowmes from Rat Lens 

Immediately after sacrificing the rats the lenses 
were removed from the eyes and frozen m a lube, which 
was placed in solid carbon dioxide The lenses were 
defrosted in a solution containing 0.01 M NaCl, 
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О 01 M Tris pH 7 5, 2 mM MgfAch and 2 mM di-
thiothreitol After homogenization d mixture of Non-
idet P-40 and sodium deoxycholate was added (final 
concentration 1 "„ and 0 5",, respectively) The nuclei 
and undissolved membranes were removed bv centrif 
ugation at ISOOxif for 2 mm followed by ccnlnf-
ugation at 4100 χ tj for 4 mm The supernatant was 
layered on 2 ml of 2 M sucrose 0 04 VI NaCl, 3 mM 
Mg(Ac)2, 0 05 VI Tris, pH 8 5, and centrifuged during 
4 h at 164000 x ç in a Spinco Ti50 rotor The poly
ribosome pellet was stored at —80 С 

¡•solalion of m RNA 
h\ OlicodlTj-Celluloie Chromatograpln 

The polynbosomal pellet was dissolved in the 
application buffer, containing 0 V,, sodium dodecvl-
sulphate, 0 5 M NaCl 1 mM hDTA and 0 01 M Tris 
pH 7 0, in a concentration of 2—4 mg ribosomes ml 
and put on to an oligo(dT)-cellulosc column (modi
fication of the procedure described bv Aviv and Leder 
[12]) The column was washed with the same buffer 
until no 260-nm-absorbing material was eluled any
more A second wash was done with a buffer with a 
lower salt content 0 1 N NaCl 1 mM I-DTA 0 01 M 
Tris pH 7 0, and finally the polv(A)-tontaining ma
terial was eluted with 0 01 M Tris pH 7 0 The eluted 
RNA was precipitated by adding 1 10 volume ol 2 M 
sodium acetate, pH 5 2, and 2 volumes ol ethanol 
and stored at - 2 0 Ï C 

Separatum o/ Ihe mR \ A \ 
b\ Sucrose Gradient Centnfugation 

After centnfugation of the ethanol precipitate the 
RNA was dried by blowing nitrogen over the pellet 
The material was dissolved in 10 μΐ of 1 mM hDFA, 
0 01 M Tris pH 7 5 and after adding 100 μΐ of freshly 
distilled formamide the mixture was incubated at 
•SO С for 4 mm After dilution with 400 μΐ of the same 
1 DTA-Tns buffer, this sample was layered on an 
isokinetic 15 — 30 '„(w w) sucrose gradient containing 
0 05 M Tris pH 7 5 and centriluged lor 20 h at 
200000x£ in a Spinco SW41-Ti rotor Then the gra
dient was pumped out through a flow cell ol the Gilford 
spectrophotometer and divided into 0 4 ml tractions 

Translation of Rat Lem inRNAs 
in a Rabbit Retuuloate Cell-Free System 

2-μ1 samples of the sucrose gradient fractions, 
containing 0 04 — 0 4 μg of mRNA, were added to 
10 μΙ of a rabbit reticulocyte cell free system and in
cubated for 3 h at 26 С 

The lysate was obtained from rabbit reticulocytes 
(prepared according to Evans and Lmgrel [13]) by 
lysing the cells m distilled water The 30000 χ ç super

natant fractions of these lyscd cells were used The 
final concentration of the constituents ol the cell-free 
system after mixing with the gradient samples was 
50",, (vv) reticulocyte lysate. 0 08 M KCl, 2 mM 
Mg(Ac)2. 1 mM ATP, 0 5 mM GTP, 15 mM creatine 
phosphate 2 μg μΙ creatine Phosphokinase, 19 un
labeled amino acids in the concentrations used by 
Palmitcr [14] and 0 2 μ Ο μΐ L-p'Slmethionine 

Rat I ens Incubation 

Freshly isolated rat lenses were incubated in a 
culture medium at 36 С for 4 h The medium used was 
minimum essential medium without methionine, com
plemented with 8 μ Ο ml L-[3,S]methionme, 1 mM 
glulamine, 5"„ dialysed new-born calf scrum (dia-
Ksed against Hanks balanced salt solution) and CaClz 
was added to a final concentration of 2 5 mM During 
incubation the pH was maintained at 7 2 — 7 3 by 
adding a solution of 6 ' „ sodium bicarbonate 

The Rat Lens Cell-Free Si stem 

Preparation and incubation of the rat lens cell-free 
system was performed as described for calf lens by 
Strous et al [15], except that the total lens was used 
I he incubation time was 2 5 h at 30 С The incuba
tion was slopped by adding 1 10 volume of 0 2 M 
fcDTA and 10 μg ml RNase After incubation for 
another 15 mm the mixture was stored at —20 С 

tiattionatum of Rat Lens Proteins 

Rat lens Ï , ¡UI, βι and ,-crystallins were separated 
by gel filtration on Sephadex G-200 [16] Proteins 
from four different samples were fractionated in this 
way fresh rat lenses the lat lens cell-free system 
epithelial and cortical cells of incubated rat lenses 
The water-soluble proteins were prepared from the 
fresh and incubated lenses by homogenizing the cells 
in 0 05 M NaCl 1 mM CDTA and 0 065 M Tris 
pH 7 6 (G-200 application buffer) The water-insoluble 
material was removed by centnfugation at 4100 χ g 
tor 10 min and the supernatant was applied on to a 
Sephadex G-200 column The cell-free system was 
diluted with the G-200 application buffer and then 
applied as such on to the column 

The 280 nm absorbance of the eluted proteins was 
continuouslv recorded with a Gilford spectrophotom
eter 0 1-ml samples were taken from the 2-ml 
elution fractions added to 5 ml aquasol (New England 
Nuclear) and the 3 5 S radioactivity determined in a 
Packard liquid-scintillation counter The top fractions 
of the different crystalhn classes were pooled, dialysed 
against distilled water and lyophilized 
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[ he proteins s\ nthesi/ed in the reliculoLV te tell-free 
system and the proteins trtittionated on the Sephadex 
G-20() eolumn. were analysed b> dodecvlsulphate-
polyacnlamide gel electrophoresis according to 
Laemmli [17] with minor modifications Slab gels with 
a linear gradient ol 6 IX"„ acrjlamide were used 
After electrophoresis the gels were stained with 
Coomassie brilliant blue for 30 mm at 60 С and 
destained overnight at 60 С To detect the labeled 
proteins by scintillation autoradiograplu. the gels 
were treated as described b> Bonner and Laske\ [18] 
and processed further according to Berns and Bloemen
dal [19] 

IWCICÎ tio/oiuïunç 

The products of the reticuloc>te cell-lree system 
and some samples of the rat lens proteins were also 
analysed b> isoelectrolocussing The procedure used is 
a modification of that described b> WrighK [20] The 
proteins in the samples of the cell-ftec system were 
piecipitated with acetone to remove the salts and 
dissolved in the isoelectrofocussing sample buffer 
These samples were embedded at the top of a 7 5",, 
acrvlamide slab gel. containing 6 M urea 

The ampholyte layer as well as the sample buffer 
contained 0 04",, dithiothreitol The anodal solution 
(top) consisted ol 0 2"„ H2SO4. the cathodal solution 
was 0 4"„ tnethylamine pH 8 4 

I lectrophorcsis was performed at 360 V for at 
least 5 h The pH range in the gel was 5 — 8 The gels 
were stained m a staining solution prepared according 
to Malik and Berne [21] The processing lor scin
tillation autoradiography was the same as described 
under dodecylsulphale-pohacrylamidc gel electro
phoresis 

RI· SU LTS 

Chaiaiteiization of the Proteins 
Pi ι sent m tin One-Din-Ohi Rat I ens 

In order to enable identification of mRNAs from 
one-dav-old rat lens one has to know the proteins 
which arc present in these lenses As compared with 
the considerable knowledge of the call lens piolcins 
[22 26], much less information is available about rat 
lens proteins [27 — 29], especially concerning the 
proteins originating from the one-dav old lens There
fore it was necessary to characterize those pioteins 

I he water-soluble pi oteins were obtained by homo-
gem/ing fiesh lenses, lollowed by removal ol thewater-
insolublc material bv centnlugation I he proteins 
weie sepaialed into the several ciWalhn classes by 
passing the supematant thiough a Sephadex G 200 
column 

As can be seen in the elution pattern in Fig 1A 
the si/es of the different rat lens /i-crystallms are not 
as cleat cut as the si/es of the calf lens /i-cryslallins 
(big IB) Two peaks are recognizable m the/J-region, 
which we have designated /ін and ji\. according to the 
nomenclature ol the calfcrystalhns (compare Fig 1A 
with 1 B) In comparison to the amount of α and y-
crystalhns the quantity of /i-crystalhns is low in the 
one-day-old rat lens The fifth peak, present in the 
rat lens protein preparation, is a mixture of amino 
acids, nucleotides and other small molecules 

F 10m the top I Tactions of the four crystalhn classes 
40 ng ol protein was taken and electrophorctieally sepa
rated on dodecylsulphate-polyacrylamide gels to iden
tify the subunit composition (Fig 2) In the a-crystallin 
fraction three main α-subunits appear with molecular 
weights between 20000 and 24000 Also a few /*-sub-
umts are present in the i-crystallin fraction, suggesting 
that in the one-day-old rat lens, a small part of the β-
subunits form aggregates with a molecular weight 
higher than 200000 The 01A2 polypeptide is the most 
prominent band in this fraction with a molecular 
weight of about 20000, The second important band 
is the αΒι subunit, which migrates in dodecyl-sulphalc-
polyacrylamide gel electrophoresis as if it possesses 
a molecular weight of 22000 [30] As verified by iso
electrofocussing (see. for instance. Fig 3) and Poly
acrylamide gel electrophoresis at pH 8 5 [31], the 
xAi and ÄB, subunits, which arc derived from A2 
and B2. respectively, by deamidation [9—11]. are not 
present in the one-day-old rat and only in a very low 
amount in the older rat [31] The third α subunit has 
a molecular weight ol about 24000 and is not present 
in detectable amounts in the call lens soluble proteins 
(compare otcalfand α rat in Fig 3) Isoelectrofocussing 
levealed that the β fraction was devoid ol this sub-
unit (Fig 3) Awaiting further identification it will be 
referred to as aX subunit 

The /i-crvstalhn Iraction contains, next to various 
minoi bands, 4— S main polypeptides in the molecular 
weight range from 24000 to 35000 Virtually all the fh -
bands are also present in the /in-crystallin fraction (see 
also Fig 3) A number ol the minor bands with molec
ular weight higher than 15000 may be either subunits 
of the /i-crystalhns or other proteins, lor instance 
membrane pioteins [26] 

On dodecylsulphale gels the ·, -crystalhns coincide 
in the lange ol V/, 19000-23000 In isoelectro
locussing they display two mam bands and a few 
minoi bands (Fig 3) 

Tianslation of Rat Lens niRS 4s in Rat lens Culline 
and in Rat 1 ens С ill-f-iee S\ steins 

Besides the polvpeptide composition it is mtcrest-
mii to know what mRNAs are present in the one-day-
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Fig i Frai ішпапоп о/lens proteins h\ IÍÍ / (lítrcuion on SÍ phíttU \ d 20(1 [ lic lens proteins \чси. scpautctl mío ï ¡Ui βι and cr\stallins js 
deseribed in Methods The proteins arc isolated Irom (Λ) I resh 1 da\ old rat lenses (B) Diahscd watur soluble proteins Irom ealt lens (lor 
Lompanson) (C) Rat lens eell free svstem (D) [n(.ubdicd mt.icl rat lens separated into (.pithdial and cortical tel Is I he solid lines represent 
the absorption at 280 Λη measured continuousK with a (jillord speurophoiomeler Каіію.ісііміч u is measuicd b> mixing 0 I ml samples 
with 5 ml aquasol (O O) In the case ol the rat lens (.ell free system (C ) (he last IraUions diitcd com um-d a considerable amount ol unm 
corporaled [isSlmcthionine I hcreforc the proteins ol the last 12 samples лсгс eountcd as inchloio i^eik acid preeipit ible radioaclivitv 
( · · ) С ounling was performed in a Packard liquid-scintillation counter 

old rat lens If these data are d\aildble, it is possible 
to verify whether or not the isolated mRNAs are re
presentative for the total mRNA population Io 
detect these mRNAs fresh one-da>-old lenses were in
cubated in a culture medium, containing ["SJiriclhio-
ninc for 4 h at 36 С After incubation the lenses 
were divided into an epithelial and cortical part to 
provide information about the possibililv that dil-
lerent mRNAs are translated in the epithelium and 
cortex of the lens It is possible that not all the mRNAs 
present are translatable in the intact lens To check 
whether additional polypeptides arc synthesized under 
other conditions a cell-free system was prepared Irom 
one-day-old lenses and incubated for 2 5 h at 40 С in 
the presence of [35b]mcthioninc 

In order to identify the radioactive proteins the 
procedure was followed as described for the unlabeled 
rat lens proteins In Fig 1 С and 1 D the Sephadex 
G-200 elution patterns of the proteins from the cell-
free system and from cultured lens are shown As can 

be concluded from the incorporated ["SJmethionme 
all classes of crvslallms arc synthesized in both 
systems, which finding is in contrast with the ob
servation that in calf lens /іц is neither synthesized in 
lens culture nor in the lens cell-free system [IS] 

The subunit composition ol the labeled cryslallins, 
obtained by dodecylsulphate-polvacrylamide gel elec
trophoresis is shown in Fig 4 The [i\-pattern of the 
systems used contains virtually the same radioactive 
bands as /in and is therelore not shown In the epi
thelial cells (Fig 4 a,b) and cortical cells (I ig 4,3¡.c) 
as well as in the cell-lrec system (Fig 4,3<,d) the three 
subumts found in a-cryslallin arc synthesized, in
dicating that all the a-mRNAs are present m the one-
day-old rat lens I he onlv difference between the a-
crystallm patterns of the systems used, besides the 
/i-bands, is the amount ol radioactivity incorporated 
into protein The specific activity is slightly higher in 
the epithelium of the cultured lenses than m the 
cortex (sec also Fig 1 D) The radioactivity incor-
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I ig 2 Dodecyfsulpkate-potyacryíamidi gel electrophoresis of rat tens 
proteins a. /in. /ίι and p-crystallins from rat lem were separated 
into subimib b) dodccylsulphate-polyacrylamide gel electro
phoresis The polypeptide bands were visualized b\ staining as 
described in Method·' Molecular weights were determined separate
ly b\ electrophoresis in a I V Polyacrylamide gel ol crystalHns 
labeled in lens culture with the following marker proteins bovine 
scrum albumin ( U, 67000), ovalbumin ( Wr 45000). chymotrypsino-
gen Л ( M, 25000). and nbonuclease I M, 13700) 

c2f a / і н K r 

I ig l / ocalhation of a.V in tsoeíectrofocusstng 100 μg of x. /in- ih 
and .-crvsiailins. isolated from rat lenses, were separated into sub-
units by isoelectrofocussing hor comparison a-crystallin from calf 
lens was co-electrophoresed 

a 

J b 

3 5 -

2 4 -
2 0 -

I 1 * * * 
:„;£ 

« 
a b e d a b e d f a b e d 

I ig 4 ПОІІИ yisulphate-polyacrylamìde get electrophoresis ofnewh sxnthi tfzed rat tens proteins Subumts of 2, /ίμ and -cry stallins were analyzed 
on dodccylsulphate-polyacrylamide gels The unlabeled bands were detected by staining (a), the labeled bands by autoradiography (b—f) 
(a) Proteins isolated from fresh rat lenses, (b) proteins labeled m epithelial cells of incubated rat lenses, (c) proteins labeled in cortical cells of 
incubated rat lenses, (d) proteins labeled m the rat lens cell-free system, (e) translation products of the reticulocyte cell-free system after 
addition of purified I4-Sral lensmRNA. (0 as (e) after addition ota B-S rat lens mRNA (which sediments slightly slower than a 14-SmRNA 
m л sucrose gradient) The heav\ labeled band at the bottom of the gel is globin bor the determination of the molecular weights, see legend 
to big 2 
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Fig. 5. Isoelectrofecussmg oj raí lem proteins (a) Stained y-crystallins 
from fresh rat lenses, (b) autoradiograph of y-erystallins from cor
tical tells of incubated rat lenses; (c) same as (b) for -/-chains from 
the rat lens cell-free system, (d) stained bands and (e) labeled bands 
of total water-soluble proteins isolated from rat lenses, which were 
incubated m culture medium for 4 h at 36 С As an internal pH 
marker unlabeled calf a-crystallin was co-electrophoresed The 
known isoelecVnc points in 6 M urea of the four subumts indicate 
the pH of the gel anifare marked in the figure 

porated in the cell-free system is lower than in the lens 
culture. This is true for all the crystallin classes 
(compare also Fig. 1С and 1 D). 

In the /i-crystallin fraction at least two of the main 
/î-subunits (M r about 35000 and 30000 respectively) 
are labeled in the epithelial cells (Fig.4;/}H,b) and in 
the cell-free system (Fig.4; βα,ά). In the cortical cells 

of the cultured lens instead of the 30000 band a minor 

band (or bands) with a molecular weight between 

24000 and 30000 is synthesized (Fig.4;^H,c). The 

mRNAs coding for the minor bands with molecular 

weight higher than 35000 are translated in the cultured 

lens and to a minor extent also in the cell-free system. 

In all the different systems used the ;-subunits are 

synthesized, but in the epithelium much less than in 

the cortex of the cultured lens (compare Fig.4;7,b 

and 4; у,c). The y-subunits, mentioned in the foregoing 
paragraph, are synthesized in the cortical cells as is 
shown in Fig. 5,b. It is not clear whether all the ;·-
subunits are synthesized in the cell-free system 
(Fig.5,c). How the synthesized crystallin subunits are 
distributed in isoelectrofocussing is shown in Fig.5.d 
and e, where total water-soluble proteins, isolated from 
cultured rat lens, were electrophoresed. 
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Ριμ 6 Piotile of polyribosomes, isolatedfrom one-day-old raí lenses 
Polyribosomes, isolated as desenbed in Methods, were dissolved 
m a buffer containing 0 05 M Tris pH 7 4, 5 mM MgCl·. 0 025 M 
KCl and a sample \VLIS layered on an isokinetic 15—30"',, sucrose 
gradient in the same buffer Centrifugation was carried out in the 
Spinco SW-41 rotor for 45 mm at 200000 x^. The absorption at 
260 nm was recorded with a continuous-flow monitoring system 
using a Gilford spectrophotometer The arrow indicates the position 
of isolated radioactive 80-S particles used as internal marker 
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Fig.7. Sucrose giadwuf ieninjugaUi)n oj poly(A}-containing RNA 
from rat lem After dcnaturation in 90% formamide the RNA, 
which waselutcd from an oligo(dT)-cellulose column, was separated 
by centrifugation in a 15 — 30",, sucrose gradient (see Methods) 
After centrifugation the 260-nm absorption was continuously 
recorded and 0 4-ml fractions were pooled as indicated m the 
figure. The -amount of 18-S ribosomal RNA was variable in each 
preparation In the profile depicted the top of this peak is at 1 9 
absorbance units 

Isolation of Rai Lais mRNAs 

The yield of polyribosomes from 100 one-day-old 
rat lenses is about 1 mg, which is very high as com
pared to the yield obtained from the much bigger calf 
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lm S Autoraätographs oj и dodet vhulphaie-polyacrylamiäe gel umi an isoeiectrofoeussmg get ujier elet trophoresh oj the transiation products 
of nu kus mRNAs m the reticulot ι it- cell^free si swm 2 μΐ of I he traction *J — 26 of the sucrose gradient (Fig. 7) was added to It) μΐ of the reticulo
cyte cell-tree system Incubation was perlormed at 26 С for 3 h- (A) Dodec\Isulphate-pol\acrvIamide gel electrophoresis 2-μ1 samples of the 
incubation mixture were mixed with dodecylsuiphate sample buffer and electrophoresed on the dodec\lsulpliate gel as described in Methods 
Molecular weights were determined as described in the legend to Fig 2 For autoradiograpln the X-raN film was in contact with the dried gel 
for 2 days (B) Isoeiectrofoeussmg I he proteins of 4-μΙ samples of the cell-tree s\siem were precipitated with acetone. dissoKed m isoelectro-
tociissing sample bulier and separated b\ isoeiectrofoeussmg. The conditions of electrophoresis and processing of the gels tor scintillation 
autoradiography are described in Methods The X-ra> tilm was exposed to the gel for 1 day The pH of the gel was determined as described m 
the legend to Fig 5 

lens (0.5 mg 100 lenses [32]). This may reflect the 

high well-preserved protein-synthesizing activity in 

these young rat lenses. A typical profile of these poly

ribosomes is depicted in Fig. 6. The most frequenti}, 

occurring polyribosomes consist of 7 — 8 monomers 

per messenger molecule, which might be expected for 

mRNAs coding for proteins with a molecular weight 

of 20000-27000 [33-35]. This is in agreement with 

the fact thai the major part of the rat lens mRNA is 

coding for y and α-crysUillin polypeptides (see Fig. 1 D) 

with a molecular weight ranging from 19000 — 24000. 

In order to isolate mRNA from these polyribosomes 

they were dissolved in a buffer containing 0.5",, 

dodecylsuiphate and 0.5 M NaCI and applied on to 

an oligo(dT)-cellulose column. It was not necessary 

to remove the proteins from the polyribosomes before 

application to the column. About 3.6 — 4.2",, of the 

added polynbosomal RNA was eluted from the 

column in the last wash (see Methods). However, this 

RNA was always contaminated by a variable amount 

( 5 0 - 7 0 % ) of 18-S ribosomal RNA, so that only 

1.1 — 2 . 1 % is poly(A)-conlaining mRNA. After an 

ethanol precipitation the poly(A)-containing material 

was further purified by centrifugatton on a sucrose 

gradient. Before layering the sample on the gradient 

the RNA was incubated at 50 С for 5 min in 90",, 
for'mamide. This treatment was necessary in order to 
avoid considerable aggregation of the RNA. 

The 260-nm absorption profile of (he mRNA 
after centrifugation is shown in Fig. 7. The major peak 
of the mRNA has a sedimentation coefficient of 10-S. 
Furthermore there is a class of mRNA, which forms 
the 12-S shoulder (fractions 15— 16), and another one. 
which sediments as a minor peak at 14-S. The 18-S 
peak is the contaminating ribosomal RNA. 

Translation of Ral Lens niR.\'A in vitro 

Identification of the isolated mRNAs was per
formed by translation of samples of the gradient in the 
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reticulocyte cell-free system The 3 ,S-labeled polv 
peptides which were synthesized under direction of 
the rat lens mRNAs were separated by dodec\l 
sulphale-polyacrylamide gel electrophoresis (Fig 8A) 
and by isoelectrofocussing (Tig 8B) In accordance 
with the results described earlier in this paper the 
bands shown in Fig 8 represent besides labeled 
reticulocyte proteins, subumts of the rat lens crystal 
hns The ma]or part of the translational activity is 
located in the 10-S mRNA peak In this region poly 
peptide are synthesized with a molecular weight 
between 20000 and 30000 which mav be identified 
as -crystallins and some subumts of α and /i-crystal 
hns The 12-S RNAs are coding for polv peptides in 
the region of M, 40000— 45000 which can be recogniz
ed as /J-subumts (compare Fig 4 /?n b) 

As has been described already for calf lens [6 19 
12] also rat lens 14-S mRNA appears to code for the 
A2 subunit of a-cryslallm with a molecular weight of 
about 20000 However in contrast with 14-S mRNA 
from calf lens the 14-S mRNA isolated from the one-
day old rat lens is coding for an additional polv-
peptidc This subunit has a molecular weight ol 24000 
and presumably represents atX (F ig 8 fractions 16 - 20 
F ig 4 c) Under the 18-S nbosomal RNA peak still 
some mRNA activity is found coding for proteins 
with a molecular weight in the range from SO000 — 
65000 These proteins may correspond to the minor 
bands in the /i-cryslallin preparation shown in Fig 4 

In order to compare the polypeptides synthesized 
in the heterologous system m turo with those obtained 
in the homologous systems samples of the trans
lation products m Miro of purified IVS and 14 S 
mRNA were co-electrophorescd with the products 
of the homologous systems (see Fig 4 f and e re
spectively) It is obvious that the 1VS mRNA encoded 
polypeptide comigrates with the V/r 45000 β band 
and the 14-S mRNA encoded products with aAi and 
зХ 

Additional evidence that the polypeptides syn 
thesi/ed in uiro can be recognized as subumts of the 
rat lens proteins can be derived by comparison of 
Fig 8В with Fig 5 e 

DISCUSSION 

A major part of the main subumts of the diflerenl 
cr\ stallin classes can be made m heterologous systems 
We arrived at this conclusion by comparison on the 
basis of size and charge of the polypeptides syn 
thesized in the reticulocyte cell-free system under 
direction of the rat lens mRNAs with the polypeptides 
synthesized in the intact rat lens and the lens cell-free 
system This indicates that the isolated mRNAs arc 
representative for the rat lens mRNA population 

However there are differences between the s>s-
tems used For instance one or more /< polypeptides 
(with molecular weights of about 40000) were synthe
sized in the epithelium of the cultured lens and in the 
lens cell free system but not m the cortex of the 
cultured lens On the other hand shorter ß-polv 
peptides with a molecular weight between 24000 and 
30000 were only synthesized in the cortical cells ol the 
cultured lens but not in the other systems This may 
be explained bv assuming that the messengers in
volved are dilleicnt In that case one should expect all 
rat lens mRNAs to be translated in the cell-free 
svstcm which is derived from the total lens It might 
also be that the V/, 40000 /i chains are synthesized 
both in the epithelium and in the cortex In the cortex 
however this component is processed rapidlv to 
shorter chains by pi oteases not present in the epithe 
hum For other proteins such proteases have been 
suggested to be bound to cytoplasmic membranes 
[46—48] The absence ol membranes in the lat lens 
cell free system could therelore be the reason why the 
shorter /i polypeptides are not synthesized in this 
system For the same reason it is also conceivable 
that these shorter /i-chams are not synthesized in the 
reticulocvte cell Irce system Note that no labeled 
bands are visible in the region between V/r 24000 and 
40000 in Fig 8Л 

Whereas all 2 and , subumts arc synthesized in 
the cultured lens this seems not to be the case with the 
major /i subumts I ither the mRNAs involved are 
not present or not translatable in the cultured lens 
Alternatively these /i-subunits are derived duiing 
aging Irom other /i chains The close resemblance of 
some of the /f-subumls from calf lens [24] suggests 
such a post-lranslational conversion 

l o r the crvstallms 11 is already known that thev 
are mainly synthesized in rat lens cortex [29] This is 
conlirmed by our Imdings (see Fig 4 b and , c) 

Differences between the translation products of 
the isolated mRNAs and the polypeptides formed in 
the incubated lenses might also be the result ol loss of 
mRNA during isolation by the absence ol poly(A) in 
some ol these messengers Although this possibility 
cannot be excluded from our results one can roughly 
calculate that most mRNAs present in the isolated 
polyribosomes do contain a poly(A) track An average 
polyribosome length ol 6 — 7 nbosomes mRNA mole 
eule is calculated (sec Fig 6) If the mRNAs in these 
polyribosomes have an average molecular weight of 
400000 (the molecular weight of 10 S mRNA is 260000 
(compare [42]) and the molecular weight ol 14-S 
mRNA is 510000 (compare [49]) they are accounting 
for 1 7 - 2 1 ' „ of the total polynbosomal RNA I he 
amount of poly(A)-conlaining RNA which was iso
lated from these polvnbosomcs varies between 1 1 '„ 
and 2 1 "„of the total polynbosomal RNA Thisagrccs 
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with the assumption that most ol the mRNAs tontain 
pol)(A) 

The broad knowledge of the calf lens proteins 
[22 — 26] was of great help lor the identihcalion of the 
rat lens polypeptides There exists a remarkable 
resemblance between the calf and the rat crystalhns 
p-or instance the xAz chain of the rat shows only 
seven substitutions on a total of 171 amino acids [11] 
when compared to the calf lens xAi chain Moreover, 
they behave identically in dodecylsulphate-polvacryl-
amide gel electrophoresis and in isoelcctrolocussing 
Also the 382 subumts reveal an identical electro-
phoretieal behavior Calf /<-cr\stallins display m 
dodecvlsulphate-polydcrylamide gel electrophoresis 
about 6 major subumts with molecular weights in the 
same range as the 4 — 5 ma|or rat /i-crystallin subumts 
[22,24] However, calf /in and ¡h have not all the 
subumts m common I ike the rat lens call lens also 
contains 2 ma|or and a few minor ,-cryslallin poh-
pcptides with molecular weights ranging from 20000 -
22000 [22-25] 

A subunil which is not lound in the calf lens is 
the У.Х subunil with an approximate molecular weight 

.ol about 24000 A 14 S m RNA is coding for this 
polypeptide This mav mean that two exlrcmelv long 
mRNAs (14 S molecular weight 510000 correspond
ing to 1460 nucleotides (compare [19]) are present m 
rat lens, coding lor relatively short polypeptides with 
molecular weights ol 24000 (aX) and' 20000 (αΛ.) 
respectively If this is true the question about the 
lunction of the long untranslated region (700 — 800 
nucleotides) is still open brom an evolutionary point 
of view this lunction seems to be an important one, 
because also the calf lens otAi mRNA possesses this 
large untranslated region [39] Moreover the эсАг-
mRNA from chick lens sediments in a sucrose 
gradient much faster than the 1()-S mRNA. but 
somewhat slower than the 14 S mRNA (L Cohen, 
unpublished results), suggesting that also this messen
ger contains many more nucleotides than are necessary 
to encode XA2 It could also be that the 14-S mRNAs 
code for a large precursoi protein which is processed 
to aX and яАг, respectively Such a large percursor. 
however, has not been lound yet A third possibility 
is that the -xX polvpeptide is a precursor ol xAi. so 
that one 14-S mRNA is coding for both a-subunits 
Another explanation is that icX and αΑι are both 
primary translation products ol the same messenger 
In that case the 14-S mRNA has to be bicistronic 
The 14-S mRNA possesses enough nucleotides (1460, 
compare [19]) to code lor the 3A2 chain (519 nucleo
tides) and an W, 24000 polypeptide (about 720 
nucleotides) Then approximately 220 nucleotides 
remain for the poly(A) track and untranslated regions 

Experiments are in progress to discriminate be
tween the possibilities mentioned above 

The authors \мчН io thank DrsW J van \ cnrooij and >λ W de 
Jong lor stimulating disLiissions and (.ritical reading of the manu
script The\ arc giateful to Mr A Oroencveld for excellent technical 
assistance and to Mr M Salden lor a gift of rabbit rcticuloc>te 
Ivsjtc The present investigations have parllv been carried out under 
auspices of the Netherlands F-oundation lor Chemical Research 
( S O N ) and with hnaneiat aid Irom the Netherlandb Organization 
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CHAPTER 3 

TWO STRUCTURALLY CLOSELY RELATED POLYPEPTIDES ENCODED BY 14S mRNA 

ISOLATED FROM RAT LENS* 

SUMMARY 

14S mRNA from ra t lens codes fo r two subunits of a - c r y s t a l l i n , A2 

(MW 20,000) and AI (MW 24,000, previously re fe r red to as ctX). 
S t ruc tura l re la t i onsh ip between both t r a n s l a t i o n products has been 
proven by immunoprecipitat ion wi th ant isera d i rec ted against the 
d i f f e r e n t c r y s t a l l i n c lasses. Competition immunoprecipitat ion showed, 
tha t the 14S mRNA t r ans la t i on products are p rec ip i t a ted by common a n t i 
bodies, spec i f i c f o r the A-subunit of a - c r y s t a l l i n . Two-dimensional 
gel e lect rophoresis and peptide analysis provided f u r t he r evidence, 
tha t the 24,000 po lypept ide, synthesized ¿n v-cüw under d i r ec t i on o f 
14S mRNA, is i den t i ca l w i th nat ive aA I . Although the s t ruc tures of 
aA2 and oAI are very s i m i l a r , no precursor-product re la t i onsh ip ex is ts 
between both 14S mRNA encoded polypept ides. 

INTRODUCTION 

In our inves t iga t ions to character ize 14S mRNA iso la ted from eye 

lenses, we found a d i f fe rence between those mRNAs i so la ted from c a l f 

and from ra t lens . Although both messengers have almost the same 

length and are coding f o r the A2 subunit o f a - c r y s t a l l i n ( 1 , 2 ) , the 

r a t messenger d i rec ts the synthesis o f an add i t iona l polypeptide 

w i th an approximate molecular weight o f 24,000 ( 2 ) . This polypeptide 

comigrates in dodecylsulphate Polyacrylamide gel e lect rophores is and 

in isoe lec t ro focus ing wi th a ra t a - c r y s t a l l i n subunit (prev ious ly 

re fe r red to as aX, r e f . 2 ) , which is not found in ca l f a - c r y s t a l l i n . 

We studied the primary s t ruc tu re of t h i s subunit i n more d e t a i l ( 3 ) , 

*L .H. Cohen, L.W.J.J.M. Westerhuis, D.P.E.M. Smits and 

H. Bloemendal (1977), submitted f o r pub l i ca t i on . 
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which led us to replace the designation aX by aAI (= Α-chain with an 

additional Jnternal or Jtnserted aminoacid sequence). In the f i r s t part 

of this paper we w i l l present data about the immunological relationship 

between both translation products. In the second part evidence is 

presented, that the native aAI and the 24,000 polypeptide produced ¿n 

іЛло are ident ica l . 

MATERIALS AND METHODS 

lòolation and pWUilcatwn 0$ MS mRNA {¡nom nat ¿гпл 

mRNA was isolated from 3 month old wistar rat lenses as described 

previously for one-day-old rat lenses (2). After fractionation of the 

mRNA in size classes by sucrose gradient centr i fugation, the gradient 

fract ions, which showed the highest a c t i v i t y in stimulating the 

synthesis of the A2 subunit of α-crystal l i n in the reticulocyte cel l-free 

system, were pooled (the 14S mRNA fract ions: see r e f . 2 , f i g . 7 and 8 

fractions 17-19). To remove 18S ribosomal RNA and breakdown products 

the 14S mRNA was further puri f ied by rechromatography on oligo(dT)-

cellulose (Collaborative Research Inc.) ( 4 ) , followed by sucrose 

gradient centrifugation (2). Again the fract ions, which showed the 

highest stimulation of aA2-synthesis in the cel l-free system, were 

pooled. In some preparations these pur i f icat ion steps were repeated 

once more, resulting in a homogeneous 14S mRNA peak after sucrose 

gradient centrifugation. 

Ttian&icuLüm о^ fiat ¿e.n& mRWAó in a каЬЬ-U. n.eJU.au¿oaytí ce££-¿-tee. 

iyòtm 

Translation of IOS and 14S mRNA was performed in a rabbit re t icu lo

cyte cel l - f ree system as described previously (2). The f ina l 

concentration of the mRNAs was 0.02-0.03 pg/y l . In general the 

translation products were labeled by addition of 0.2 yCi/yl 

L-[35S] methionine (Radiochemical Centre, Amersham; spec. act. 120 

Ci/mmol). In the translation experiments, in which a preferential label 

of lysine was used, the non-radioactive lysine was replaced by 2 yCi/μΙ 

L-[3Hjlysine (Radiochemical Centre, Amersham;spec. act. 67 Ci/mmol) 
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and the system was completed with unlabeled methionine. The f inal 

concentration of the 19 non-radioactive aminoacids has been described 

by Palmiter (5). 

Rabbit anti sera raised against calf α-, β- and γ-crysta l l in and 

prepared as described by Dandrieu (6) , were a kind g i f t of Dr. W.J. van 

Venrooij. Dr. D. van Zaane provided us with goat anti-rabbit-immuno-

globulin serum, prepared as described ear l ier (7). 

Rabbit antiserum raised against the Ai subunit of calf a-crystal l in 

was prepared as f o i l owes: Pure calf aAi-crystal l in was a g i f t of Dr. 

W.W. de Jong. One mg of αΑι in 1.0 ml phosphate buffered saline mixed 

with 0.8 ml of Freund's adjuvans complete was injected intramuscularly 

into the rabbit (0.25 ml in each foot, 0.8 ml divided over the flanks 

and the neck). After two weeks the primary injection was followed by a 

booster injection of 1 ml of the same αΑι solution together with 0.2 ml 

Freund's adjuvans incomplete. After another 14 days 20-30 ml blood was 

collected for preparation of the serum. This serum was specific for the 

A-subunit of calf a-crystal l in as tested by the Ouchterlony technique (8). 

Immunopft.e.cU.p'UjtvUjun 

The In v-ttno synthesized crysta l ! i η polypeptides were isolated from 

the cel l- free system by immunoprecipitation. 4-10 yl of the cel l- free 

incubation mixtures was diluted 10-20 fold with immunoprecipitation 

buffer (10 mM phosphate, pH 7.2, 0.9% NaCl, 1% Triton X-100, 0.5% Sodium 

deoxycholate and 0.1% Sodium dodecylsulphate) and the result ing solution 

was centri fuged at 22,000 χ g for 10 minutes in a Ti 50 rotor of a Spinco 

L-50 centrifuge. Crystal l in polypeptides were precipitated from the 

supernatant fract ion by an indirect method. After addition of 1 yl of the 

desired rabbit anti-crystal l i n serum the supernatant was incubated at 

40C for 18 h. Then 50 yl of goat anti-rabbit-immunoglobulin serum was 

added and the incubation was continued for 2 h at 40C. The immuno-

precipitate was collected by centrifugation through a layer of 10% (w/v) 

sucrose in immunoprecipitation buffer for 5 min at 12,000 χ g and 

washed three times with the same buffer. 
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Immunoprecipitates, destined to be analysed by dodecylsulphate 

Polyacrylamide gel electrophoresis, were dissolved in 25 μΐ of 

dodecylsulphate sample buffer (9) supplemented with 6 M urea, by 

heating for 2 h at 370C and 3 min at 980C. 

For peptide analysis an immunoprecipitate was prepared according 

to the same procedure, except that sodiumdodecylsulphate was omitted 

from the immunoprecipitation buffer and the last wash of the precipitate 

was performed with d i s t i l l e d water. 

VodiayLiuZphatz poujacAijZjomidi QQJL еЛгсАЛоркоки^і 

The translation products formed in the reticulocyte cel l- free 

system and the immunoprecipitates of these products were analysed by 

dodecylsulphate Polyacrylamide gel electrophoresis according to 

Laemmli (9) with minor modifications. Slab gels of 13% acrylamide 

were used. 2 μΐ of the incubation mixture was added to 10 μΐ 

dodecylsulphate sample buffer and incubated at 980C for 3 min. After 

electrophoresis the gels were stained with Coomassie b r i l l i a n t blue 

for 30 min at 600C and destained overnight at 60ffC. The labeled bands 

were visualized by s c i n t i l l a t i o n autoradiography (10). The X-ray 

f i l m was exposed to the dried gel for 1-3 days at -800C. 

Tm-dLmzn&Ájonai gdL иігс&іорколг&іі 

In order to compare the electrophoretical behavior of the 24,000 

14S mRNA translation product with that of the AI subunit of rat 

α-crystal l i n , two-dimensional gel electrophoresis was performed 

according to Kibbel aar et al (11). 8 μ! of a cel l-free incubation, in 

which 14S mRNA was translated, was mixed with 50 μg of pur i f ied aAI-

c r y s t a l l i n (3). The polypeptides in the mixture were precipitated with 

acetone to remove the salts and dissolved in electrophoresis buffer, 

suitable for Polyacrylamide gel electrophoresis in Tris/glycine buffer 

pH 8.6, and 6 M urea (12). Electrophoresis was performed in 12 χ 0.6 

ση gel tubes for 3 h at 200 V. After electrophoresis a 2 mm thick 

s l ice was cut longitudinal ly from the gel rod and embedded horizontally 

in the stacking gel of a dodecylsulphate Polyacrylamide slab gel . 

Electrophoresis and subsequent steps were performed as described under 
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Dodecylsulphate Polyacrylamide gel electrophoresis. 

TsiyptÁc pupiÁ-dí CLnatyiJj, o i the. ]4S mRWA encoded potypzptÁdzA 

The peptide composition of [3H]lysine-labeled 14S mRNA translation 

products, precipitated by an antiserum raised against calf оАд-crystallin 

was analysed by peptide mapping. The precipitated proteins (about 

800 yg of immunoglobulins) were dissolved in 100 yl of 70% (v/v) 

formic acid, containing 0.25% (v/v) ß-mercaptoethanol and 1% (w/v) 

cyanogenbromide. Cyanogenbromide cleavage (13) took place during an 

18 h incubation period at room temperature in the dark. The 

cyanogenbromide (CB) fragments were lyophil i zed. Before tryptic 

digestion 3 mg of the CB3 fragment of aAI-crystallin (3) was added as 

an internal marker. Tryptic digestion was performed by incubation of 

the CB fragments with \% (w/w) trypsin(Worthington TRTPCK) in a 0.1 M 

ammonium bicarbonate buffer pH 8.9 for 1 h at 370C. 

Analysis of the soluble peptides by peptide mapping was carried out 

by high-voltage paper electrophoresis, followed, in the second 

dimension, by descending paper chromatography as described by Van der 

Ouderaa et al. (14) The marker peptides were localized by staining with 

0.02% ninhydrin in acetone containing 1% pyridine and 1% acetic acid. 

In order to localize the 3H-labeled peptides a number of spots was 

cut out from the map and prepared for counting by combusting in a 

Tri-Carb Sample Oxidizer (Packard, Model 305). The 3H-radioactivity 

of the samples was determined in a Packard Liquid-scintillation counter. 

RESULTS 

lmmimopKí(ilpÁX.at¿on о fa n.œt 14S mRNA іла.плІа£іоп pKoductA 

Immunoprecipitation of the t r a n s l a t i o n products of r a t 14S mRNA was 

c a r r i e d out i n order to e s t a b l i s h possible s i m i l a r i t i e s between the 

20,000 t r a n s l a t i o n product (оАг, r é f . 2 ) and the 24,000 t r ans la t i on 

product ( 2 ) . Figure 1 shows which of the polypept ides, synthesized in 

the re t i cu locy te c e l l - f r e e system under d i r ec t i on o f 14S mRNA, i s 

p rec ip i t a ted w i th ant i sera ra ised against ca l f a - , 3- and γ - c r y s t a l l i n , 

r e s p e c t i v e l y . Addi t ion of anti-y-serum d i d n ' t r e s u l t i n any labeled 
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Fig . 1 . Sodium dodíC-ytiulphate-
polyacAyZamidii ge£ агсЛлоркокелАл oi 
nat 14S mRWA tnamtcution pKoducti Ье^ол.е 
and dfateJi Zmmunopn.ícíp'CtatÁon. wiXk 
antüiíHa. KaÁMíd aga¿nit caí^ Ciyòtattim,. 
Analysis o f the polypeptides synthesized 
in a re t i cu locy te c e l l - f r e e system under 
d i r ec t i on of r a t 14S mRNA was performed 
a f t e r immunoprecipitat ion as described 
in Methods. The fo l l ow ing ant i sera 
raised against c a l f c rys ta l l i n s were 
used: -a, an t i α - c r y s t a l l i n serum; - g , 
a n t i ß - c r y s t a l l i n serum; - γ , a n t i γ -
c r y s t a l l i n serum; O, the t o t a l 
synthesized polypeptides before 
immunoprecipi tat ion. The 3 5 S- labeled 
bands i n the gel were v i s u a l i z e d by 
s c i n t i l l a t i o n autoradiography. See r e f . 2 
f o r the determinat ion of the molecular 
weights. 

MWx10"J 

24— 

2 0 - t 
50 ' 200 '1000 

/идаДт 

25 ' 50 '200 

f jgaAs 

F i g . 2. AutoxcuHog^LCLph o{¡ a blab QOJL pœttt/in, ikoiaíng a compeXAXÁon 
Ájmmmopn.zcApltat¿on o{¡ 14S mRWA tmmitcution pnodactò by adULütíon o¡5 
A iabuyUXA (¡nom ca£¡J a-cAyitalLin. To an equal volume of c e l l - f r e e 
system, in which r a t 14S mRNA was t r ans l a ted , ant i α - c r y s t a l l i n serum 
was added f o r immunoprecipi tat ion. The antiserum was preTncubated f o r 
4 h at 40C w i t h d i f f e r e n t amounts of Ai or Аг subunits of c a l f o-
c r y s t a l l i n , as i n d i c a t e d i n the f i g u r e . Immunoprecipitation was 
performed as described under Methods. The p r e c i p i t a t e d polypeptides 
were analysed by sodium dodecylsulphate Polyacrylamide gel e l e c t r o 
phoresis, fo l lowed by s c i n t i l l a t i o n autoradiography. In s l o t 0 of the 
slab gel the polypept ides, which were p r e c i p i t a t e d wi thout a d d i t i o n 
of a compet i tor, were analysed. 
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p r e c i p i t a t e . Anti-g-serum p rec ip i ta ted a ß - c r y s t a l l i n po lypept ide, 

i nd i ca t i ng that the 14S mRNA preparat ion was contaminated by a 

13S mRNA, which i s coding f o r t h i s ß-subunit ( 2 ) . When ant i-a-serum 

was used the αλζ polypeptide as wel l as the 24,000 polypeptide were 

p r e c i p i t a t e d . Since the anti-a-serum used contained a minute amount of 

anti-ß-immunoglobulins also here part of the synthesized ß-subunit was 

p r e c i p i t a t e d . We could prevent t h i s p r e c i p i t a t i o n by add i t ion of 

unlabeled ß - c r y s t a l l i n to the ant i-a-serum before immunoprecipitat ion 

(not shown). That both 14S mRNA encoded polypeptides are p rec ip i t a ted 

by the antiserum raised against c a l f α - c r y s t a l l i n i n d i c a t e s , t h a t they 

represent e i t h e r α - c r y s t a l l i n const i tuents or t h a t they possess 

s t r u c t u r a l s i m i l a r i t i e s w i t h the a - c r y s t a l l i n subuni ts . Because c a l f 

α-crysta l l i n does not contain a 24,000 s u b u n i t , the 24,000 t r a n s l a t i o n 

product must have been p r e c i p i t a t e d by a n t i b o d i e s , raised e i t h e r 

against aA- or aB-subunits. 

Comp&LLLLun ¿типоря.е.сл.р-<Ла£іоп 

In the competi t ion immunoprecipitat ion experiment shown in f i g u r e 

2, evidence i s presented, t h a t the 24,000 polypeptide and the aAz 

subunit are p r e c i p i t a t e d by coimon a n t i b o d i e s . An increasing amount of 

e i t h e r the Ai subunit or the A2 subunit of c a l f a - c r y s t a l l i n was added 

to 1 y l anti-a-serum and preincubated f o r 4 h at 40C. These preincubated 

a n t i sera were added t o equal amounts of a c e l l - f r e e system, in which 

14S mRNA was t r a n s l a t e d , f o r immunoprecipi tat ion. The r e s u l t o f the 

a d d i t i o n of the aA polypeptides (oAi and oAa possess hardly any 

d i f f e r e n c e in the aminoacid sequence; r e f . 1 5 ) i s , t h a t both t r a n s l a t i o n 

products are not p r e c i p i t a t e d anymore, whi le the 3-polypeptide is not 

expel led from the imnunoprecipitate« Only a f t e r the a d d i t i o n of 

higher amounts of аАг also the ß-band disappeared , i nd i ca t i ng tha t 

the used аАг was s l i g h t l y contaminated w i t h ß - c r y s t a l l i n , but oAi was 

not„ This experiment shows tha t the 14S mRNA t r a n s l a t i o n products are 

both p rec ip i t a ted by aA-ant ibodies, i nd i ca t i ng a s t ruc tu ra l s i m i l a r i t y 

between аАг and the 24,000 polypept ide. 
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Ітшпорп.гсл.рАЛсиЫ.оп with awtibeAam каллЫ agcu-vut tho. Αχ ¿abuyUX 0($ 

cali a-cAífitalLin 

We confirmed the conclus ion, drawn from the competi t ion immuno-

p r e c i p i t a t i o n experiment, using antiserum against the Ai subunit of 

ca l f a - c r y s t a l l i n . Immunoprecipitations were performed w i th the 

t r a n s l a t i o n products of a crude IOS and 14S mRNA prepara t ion . Rat 

IOS mRNA codes f o r γ - c r y s t a l l i n s , a few 3 - c r y s t a l l i n subunits and f o r 

the B2 subunit of a - c r y s t a l l i n ( 2 ) . From the c e l l - f r e e system, i n 

which the 14S mRNA was t r a n s l a t e d only оАг (MW 20,000) and the 

24,000 polypeptide were p r e c i p i t a t e d , whereas no t r a n s l a t i o n product 

of r a t IOS mRNA was present i n the immunoprecipitate ( f i g . 3 ) . This 

shows t h a t the oA-antibodies are h i g h l y s p e c i f i c f o r the oAz-subunit 

and the 24,000 polypept ide. This observation sustains the assumption 

t h a t both chains are s t r u c t u r a l l y s i m i l a r » 

Putbi-dtci&z labeZlng o{, thi HS mRNA t^a.nilat¿on pn.odu.c£i ¿η іЛло 

The f a c t t h a t two s t r u c t u r a l l y r e l a t e d polypeptides are encoded 

by a 14S mRNA gives r i s e t o the idea t h a t the 24,000 polypeptide 

might be a precursor of the oAa-polypeptide. In order t o v e r i f y a 

precursor-product r e l a t i o n s h i p In VAMLO the synthesis of both 

14S mRNA products i n the r e t i c u l o c y t e c e l l - f r e e system was fo l lowed 

a f t e r a d d i t i o n of [. 3 5 Sjmethionine. A f t e r incubat ion f o r 17 min at 

260C a 1000-fold excess of non-radioact ive methionine was added and 

the incubat ion continued f o r 165 min. I f the 24,000 chain would be a 

precursor of aAz i t should be synthesized before 0A2 w i l l become 

v i s i b l e . In the chase p e r i o d , w i t h non-radioact ive methionine, the 

r a d i o a c t i v i t y i n the precursor should decrease, whi le the r a d i o a c t i v i t y 

i n the product (01A2) should increase. As i n d i c a t e d i n f i g u r e 4 , during the 

incubat ion samples were taken from the c e l l - f r e e system at d i f f e r e n t 

times and the synthesized polypeptides were analysed by dodecylsulphate 

Polyacrylamide gel e lectrophoresis fo l lowed by s c i n t i l l a t i o n autoradio

graphy. I t i s evident from t h i s f i g u r e t h a t labeled аАг appeared 

e a r l i e r than the labeled 24,000 band and t h a t the l a t t e r i s not v i s i b l y 

processed during the chase, whereas other bands are appearing or 

d isappear ing. I t seems t h e r e f o r e t h a t the 24,000 polypeptide i s not a 
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Fig. 3. EtícÁAophoKeXÁc anaiyiiA 
o i fiat fflRNA Viawklation pn.oduati 
бемоле and a{¡teM. ¿тти.поря.&сл.рАХаХи.оп 
uiùth awtiizmm fwU-bzd agcu,mt the 
Ai iabanÁX 0& coil a-cAyotaíbin. 

^ щр Rat IOS and 14S mRNA fractions 
were t r a n s l a t e d i n the r e t i c u l o c y t e 
c e l l - f r e e system (see Methods). 
The synthesized po lypept ides, 

„ present i n 2 y l of the c e l l - f r e e 
о system were separated by sodium 
* dodecylsulphate Polyacrylamide gel 

e l e c t r o p h o r e s i s . The autoradiograph 
shows the c e l l - f r e e system products, 
formed i n the presence of a) IOS 
mRNA and b) 14S mRNA; c) endogenous 
products of the c e l l - f r e e system. 
An immunoprecipitat ion was 
performed by a d d i t i o n of ant i-aAi 

^ f l serum to 2 μΐ of the three 
Ч І h b mentioned c e l l - f r e e incubat ion 

^ ^ ^ ^ ^ ^ mixtures, as described i n Methods. 
Analysis of the p r e c i p i t a t e d 

a b c d e f polypeptides ( d - f ) was performed 
i n the same slab gel e l e c t r o 

phoresis. The polypept ides, p r e c i p i t a t e d from the t r a n s l a t i o n mixture 
contain ing d) IOS mRNA, e) 14S mRNA, f ) no exogenous mRNA, are shown. 

Fig. 4. Риілг-скалг 
tabeJiinQ o{j poly-
ргріл.агл i>ynth(Ui-ize,d 
-in a fL&tLcuiocyte. —-• *m^i>'**'mm*^ 7 
celt-ifLiQ. ¿y&tm ° 
undíH. dÁAícXion o{¡ ^ 
Kat US mRNA. Σ 
14S mRNA was m m m 
translated in a ДІІ , -?L 
r e t i c u l o c y t e c e l l - *'*' **" - ^ - ^ -20 
free system i n the 
presence of 
[ 3 5 S ] m e t h i o n i n e , 
added at zero t ime. 
At the t imes, 
i n d i c a t e d in the 0 5 10 15 f 20 30 ¿.0 60 90 120 180 
f i g u r e , 4 y l incubation time Imin) 
samples were taken chase 
and the synthesized 
polypeptides analysed by dodecylsulphate Polyacrylamide gel e l e c t r o 
phoresis. A f te r 17 min incubat ion (pulse) unlabeled methionine was 
added to a f i n a l concent ra t ion, which was 1000 times higer than in 
[3 5S]methionine (chase). The incubat ion was continued another 165 min. 
The bands have been made v i s i b l e by s c i n t i l T a t i o n autoradiography o f 
the dr ied slab g e l . 
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precursor of the cAa-chain. 

Another method, of ten used to v e r i f y a precursor-product 

r e l a t i o n s h i p i s to i n h i b i t processing of the precursor by replacing 

one or more aminoacids by analogues (16). The aminoacid analogues 

should modify the precursor molecule i n such a way t h a t the s p e c i f i c 

processing enzymes (proteases) do not recognize the cleavage s i t e 

anymore. In our experiments, t r a n s l a t i o n of the 14S mRNA i n the 

r e t i c u l o c y t e c e l l - f r e e system at least i n the presence of canavanine 

(an argin ine analogue) had no e f f e c t on the synthesis of both 14S mRNA 

t r a n s l a t i o n products (not shown). 

I t has been described p r e v i o u s l y , t h a t r a t α - c r y s t a l l i n c o n t a i n s , 

besides the A and В subuni ts , another subunit ( a t t h a t time c a l l e d ctX, 

r e f . 2 ; now r e f e r r e d t o as ctAI, r e f . 3 ) , which possesses the same 

molecular weight and i s o e l e c t r i c po int as the 24,000 polypept ide ( 2 ) . 

From these data i t was proposed t h a t aAI and the 24,000 polypeptide 

were i d e n t i c a l . Since the p u r i f i e d oAI subunit is ava i lab le now, and 

the primary s t r u c t u r e of t h i s a - c r y s t a l l i n subunit i s known ( 3 ) , we are 

able t o substant iate the e a r l i e r statement by co-electrophoresis of aAI 

w i t h the 14S mRNA t r a n s l a t i o n products i n two-dimensional gel e l e c t r o 

phoresis and peptide analysis of the t r a n s l a t i o n products. 

Two-dimeni-Lonai gzZ еЛгс&юркокглАл oi thi MS mRNA encoded 

роІургріАагл іод&Скел wiZh the. AJ-òuburUt o{¡ nut α-clyòtaZLin 

Two-dimensional co-electrophoresis of a sample from the c e l l - f r e e 

system, in which 14S mRNA was t r ans l a ted , and p u r i f i e d oAI -

c r y s t a l l i n was performed. Separation of the polypeptides in the f i r s t 

dimension took place on base of charge in Polyacrylamide gel rods in 

6 M urea, T r i s / g l y c i ne buf fe r pH 8.6. Separation in the second 

dimension was on basis of molecular weight i n a dodecylsulphate 

Polyacrylamide slab g e l . The resu l t i s shown in f i gu re 5. The stained 

oAI spot ( f i g . 5A) coïncides w i th the 24,000 polypeptide spot in the 

autoradiograph ( f i g . 5B). 
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1 0 * ID« 

2D 20 

αΑΙ- -24 
-20 

Fig. 5. Jwo-dLimnyiblonaZ со-е£гс£>іоркол.гл<іь o{¡ thz MS mRNA ϋιαηλΖαίίΰη 
pfwdactb W'U.k the. AI іиЬишХ о^ Kat a-cAyitaZtin. Two-dimensional gel 
electrophoresis was performed as described in Methods. Electrophoresis in 
the f i r s t dimension (ID) was performed in Polyacrylamide gel rods in 
Tris/glycine pH 8.6, 6 M urea; second dimension (2D) was dodecylsulphate 
Polyacrylamide gel electrophoresis. Unlabeled polypeptides were localized 
by staining with Coomassie B r i l l i a n t Blue (A), labeled polypeptides by 
s c i n t i l l a t i o n autoradiography (B). The coïnciding spot of aAI and the 
24,000 polypeptide is marked by an arrow. In 1) and 2) the translation 
mixture and aAI, respectively, were co-electrophoresed in the second 
dimension. 



Ткурііс puptÁde. апаЛуьіі о£ 14S mRMA fuxyiitaZíon рлоаисЛл 

The оАІ subunit has a great number of tryptic peptides in common 

with the cxA2 subunit, but contains also a few peptides, which are not 

present in 0A2 (3). Lysine is the C-terminal aminoacid of two of the 

la t te r tryptic peptides, referred to as Ta and Tb. In order to prove 

that Ta and Tb are also present in the 24,000 14S mRNA product, peptide 

mapping of [3H]lysine labeled polypeptides, encoded by 14S mRNA was 

performed. With this aim 14S mRNA was translated in the cell-free 

system in the presence of [3H]lysine and the synthesized polypeptides 

were precipitated with anti-oAi serum. As has been shown afore 

(fig. 3e) this antiserum precipitated «Аг and the 24,000 polypeptide, 

while no other labeled polypeptides were present in the immuno-

precipitate. After cleavage of the immunoprecipitated polypeptides 

with cyanogenbromide, a cyanogenbromide fragment of purified αΑΙ, 

containing Та and Tb (fragment CB3, ref .3), was added as an internal 

marker and the mixture was digested with trypsin. A map was made of the 

formed tryptic peptides and the СВЗ-peptides were stained with 

ninhydrin, as is depicted in figure 6. The СВЗ-peptides Та, Tb, 17, T8, 

T7-8, T10, Til, T12, T13 and T14 are visible. Tl and T20 were 

local i zed"by comparison with other tryptic peptide maps (rat αΑΙ, 

ref .3; calf аАг, réf.14). With exception of Ta and Tb the mentioned 

peptides are present in αΑΙ as well as in 0Л2.ТІ, T8, T7-8, T10, Til, 

T20, Ta and Tb are lysine containing peptides (3,17). In order to 

determine the 3H-radioactivity, the peptide spots were cut out from 

the map and processed with the aid of a Packard Tri-Carb sample 

oxidizer to samples, which were counted in a Li quid-scinti ! lati on 

counter. For the determination of the 3H-background of the map a few 

pieces, indicated in figure 6 as B1-B6, were treated in the same way. 

In table 1 the tritium-radioactivity, found in the different peptide 

map pieces, is l isted. The αΑΙ peptides Ta and Tb contain 115 cpm and 

85 cpm, respectively, which is distinctly above the background of the 

map (mean value B1-B6 is 16.5 cpm). Because Ta and Tb are not present 

in аАг, and no аАг peptides are found in this region of the map 

(14,17), the radioactivity must have been derived from the 24,000 

polypeptide. For technical reasons Tb was not recovered completely 
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Fig . 6. PíptÁdz тар o ζ the. 
tsiyptíc аідглі о^ a. mi.xtiviz 
od t'm CB-3 ^ллдтгпі o£ 
tkz AI ¿abumJ: ojj nat 
a-cJufitoLLLn and the. two 
US mRWA encoded po¿ype.p£íde¿. 
The i s o l a t i o n of the cyanogen-
bromide fragment-3 of aAI i s 
described elsewhere ( 3 ) . The 
14S mRNA encoded polypeptides 
were i so la ted by immuno-
p r e c i p i t a t i o n w i th an t i -aA i 
serum. Cleavage by cyanogen-
bromide and t r y p t i c d igest ion 
are described i n Methods. 
Mapping was performed by h igh-

voltage paper e lectrophoresis (pH 6.5) at 50 V/cm fo r 105 minutes, 
fo l lowed by descending chromatography in n-butanol -acet ic acid-water-
pyr id ine (15:3:12:10) . Peptides were loca l i zed by s ta in ing w i th 0.02% 
ninhydr in in buf fered acetone. 

electrophoresis 

TABLE 1. ΤnUiium-cowtzYit o^ tuyptic peptides deAived ^кот [3И]Іуліпг 
la.bele,d US mRWA tianilatlon рлосксХл. 

T r y p t i c pept ide* 
or l o c a l i s a t i o n 
on the map 

Tl 

T7-8 

T7 

T8, T13 

T10 

T i l 

T12 

T14 

T20 

3 H-radioact i 
(cpm) 

1161 

2476 

105 

377 

3503 

3231 

13 

9 

1930 

v i t y 
T r y p t i c pept i 
or 
on 

de* 
l o c a l i s a t i o n 
the map 

Та 

Tb 

BI 

B2 

ВЗ 

В4 

В5 

Вб 

3 H - r a d i o a c t i v i t y 
(cpm) 

115 

85 

8 

11 

12 

19 

25 

14 

*0btained from the peptide map shown i n f i g . 6. 
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(compare fig. 6) and therefore the radioactivity in Ta was somewhat 

higher. The spots T10, Til and T7-8 + T7 + T8 contain about the same 

amount of
 3

H-radioactivity (mean value 3230 ерш), indicating that 

these peptides are present in equal amounts in the translation 

products. The radioactivity found in Tl and T20 is less, due to the 

existence of a second form of these peptides, Tl-des-AcMet and 

C-terminal non-finished T20, respectively, located in another 

position (not in the region of Та and Tb) on the map. The non-lysine 

containing tryptic peptides T12 and T14 do not contain ^-radio

activity. The radioactivity found in T13 and T7 is most probably 

resulting from overlap with T8 and T7-8 (fig. 6). 

DISCUSSION 

In contrast to 14S messenger from calf lens,14S mRNA from rat lens 

codes for two polypeptide chains: оАг of 20,000 molecular weight and 

another polypeptide with a molecular weight of 24,000. Immuno-

precipitation experiments indicate that both translation products are 

precipitated by common antibodies, specific for the Α-chain of 

a-crystallin. Therefore, it may be concluded, that both polypeptides 

contain similar aminoacid sequences. 

We discussed previously (2), that cell-free systems are poor in 

processing precursor polypeptides, probably due to a lack of membrane-

bound proteases. Nevertheless both 14S mRNA encoded polypeptides are 

synthesized in such systems. This favours the assumption that there is 

no precursor-product relationship between the two polypeptides. 

However, we cannot exclude completely that soluble proteases are 

present in the reticulocyte cell-free systems as some processing of 

viral polypeptides seems to occur (18). Hence we performed the pulse-

chase experiment described. Since no decrease of the amount of 

synthesized 24,000 polypeptide was observed, even after a 165 min 

chase period, we conclude that no precursor-product relation with 

the оАг-сІіаіп exists. Other polypeptides which do disappear during 

the chase are probably intermediates in the elongation to the proper 

final translation products. In the presence of cycloheximide, an 
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i n h i b i t o r of the e l o n g a t i o n , these polypeptides remained during the 

chase ( r e s u l t s not shown). Elongation of the intermediate products 

gave r i s e to an increase of some bands during the f i r s t p a r t of the 

chase p e r i o d . Since elongation at 260C i s q u i t e slow, f o r very long 

polypeptides t h i s increase continued during the chase f o r a 

rather long time (see f i g u r e 4 ) . 

From the peptide analysis o f the [ 3 H ] l y s i n e labeled aAa-chain and 

24,000 polypeptide i t i s concluded, t h a t two aAI s p e c i f i c t r y p t i c 

peptides (Ta and Tb) are co inc id ing w i t h two \3H]lysine labeled 

pept ides, o r i g i n a t i n g from the 24,000 t r a n s l a t i o n product. This 

ind icates t h a t the 24,000 chain is i d e n t i c a l w i t h aAI.The r a d i o 

a c t i v i t y found in the other [ 3 H|lysine contain ing peptides should be 

derived from оАг and f o r a minor part from the 24,000 polypept ide. 

The r a t i o between the t r i t i u m - r a d i o a c t i v i t y found i n Та and the other 

[ 3 H j l y s i n e contain ing peptides (115:3230) i n d i c a t e s , t h a t the immuno-

p r e c i p i t a t e d t r a n s l a t i o n products contained only about 3.6% of the 

24,000 chain. In accord w i t h t h i s percentage, the 24,000 chain 

comprises 4-5% of the 14S mRNA t r a n s l a t i o n products, when uni formly 

labeled w i t h [ 1 ц С]атіпоасіг і5 i n the r e t i c u l o c y t e c e l l - f r e e system 

(L.H. Cohen, unpublished r e s u l t s ) . The [ 3 5 S]methionine labeled 

14S mRNA t r a n s l a t i o n products, as shown in f i g u r e s 1-4, suggest a 

higher percentage of the 24,000 polypeptide due t o a higher number of 

methionine residues i n oAI than i n aAz ( 3 ) . 

Peptide analysis together w i t h the comparison of e l e c t r o p h o r e t i c 

behavior prove the i d e n t i t y of the newly synthesized 24,000 

polypeptide and the nat ive ctAI subunit . Moreover the r e s u l t s of the 

pulse-chase experiments and the immunoprecipitat ion experiments are 

f u l l y understood w i t h t h i s knowledge. The primary s t r u c t u r e analysis 

of aAI (3) and оАг (17) reveals a high degree of s i m i l a r i t y of both 

subunits. The whole aminoacid sequence of аАг i s present i n the aAI 

po lypept ide, whereas oAI contains an a d d i t i o n a l aminoacid sequence. 

However, the oAI subunit cannot be a precursor of аАг, because the 

a d d i t i o n a l sequence is located i n an i n t e r n a l p o s i t i o n in the aAI 

molecule ( 3 ) . The f a c t t h a t a 14S mRNA f r a c t i o n i s coding f o r two 

c l o s e l y r e l a t e d a - c r y s t a l l i n subuni ts , AI and A2, requires some 
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comments. A number of possible translation models were already 

discussed previously (2). If one 14S mRNA is coding for both chains, 

two possibilities may exist: either aAI is a precursor of оАг or 

the 14S mRNA is bicistronic. The experiments described exclude the 

first assumption. Experiments performed to determine base sequence 

homologies between calf and rat 14S mRNA, render the occurrence of a 

bicistronic messenger, coding for both оАг and aAI rather unlikely 

(L.H. Cohen, unpublished results). Therefore, it seems that two 

discrete 14S mRNAs are coding for the two polypeptides. The relation

ship which should exist between both 14S mRNAs must be found at the 

level of gene evolution. This is discussed in the accompanying paper. 
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CHAPTER 4 

ELONGATED oA-CHAIN IN RAT CHRYSTALLIN DUE TO AN INSERTION INTO A DUPLI

CATED oA-GENE 

INTRODUCTION 

The 14S mRNA, isolated from rat lens is coding for two α-crystal lin 

subunits, A2 and AI (chapters 2 and 3). In order to establish a possible 

relationship between both subunits, analysis of the primary structure 

of aAI and comparison to the known amino acid sequence of rat αΛζ (1) 

were performed. Uifference in charge between the AI-subunit and the other 

rat a-crystallin subunits (chapter 2) made it possible to purify.otAI in 

a one step procedure by ion exchange column chromatography. Primary structure 

analysis of purified oAI reveals a molecule, which is identical to аАг 

in the 63 N-terminal amino acid residues as well as in the 110 C-terminal 

amino acid residues, which comprises the complete rat aAa-sequence (173 

amino acids, ref. 1). An additional amino acid sequence is located in an 

internal position next to residue 63. Therefore this chain is called 

AI, i.e. an Α-chain with an Jnternal or inserted amino acid sequence. The 

events, which may have led to the formation of the αΑΙ-gene are discussed. 

It has presumably been originated from an insertion into a duplicated 

oA-gene. This evolutionary event apparently occurred at least 40 million 

years ago in the ancestral line of the rodent superfamily MuAo¿áza. 

MATERIALS AND METHODS 

Two to three months old Wistar rats were used. Ultrogel AcA 34 was 

supplied by L.K.B. Whatman delivered DEAE-cellulose (UE-52) and 3 MM paper. 

Polyamide thin-layer sheets (F 1700) were purchased from Schleicher and 

Abbreviations: CNBr, cyanogenbromide; dansyl, 5-dimethyl-aminonaphthalene-

-1-sulfonyl; DEAE, di ethyl aminoethyl. 

Enzymes: chymotrypsin (EC 3.4.22.1); trypsin (EC 3.4.21.4)·, thermolysin 

(EC 3.4.24.4) 
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Schuil and Sephadex from Pharmacia. For enzymic digestions trypsin 

(Worthington TRTPCK) chymotrypsin (Worthington CBI) and thermolysin 

(Calbiochem A grade) were used. Roche supplied fluorescamine (Fluram). 

Sequenal grade phenyl isothiocyanate, tri fluoro acetic acid and pyridine 

were purchased from Pierce. 

lioiaution. oá the. AI- and A2-iubu.n¿t& о& nat a-cAyitaZLcn 

Immediately after sacrificing the rats, the lenses were removed from 

the eyes. Soluble proteins were obtained by stirring the lenses for 1 h 

at room temperature in 0.05 M NaCl, 1 mM EDTA and 0.065 M Tris-HCl 

pH 7.6 (15 lenses/ml). Remaining lens fragments were homogenized and the 

insoluble material removed by centri fugati on at 15,000 χ g for 15 min. 

The proteins in the supernatant fraction were separated on a column 

packed with Ultrogel AcA 34 (100 χ 4 cm).The crystallins, схим, α, 3
Η
> 

β. and γ were eluted at room temperature with the above mentioneu buffer 

(flow rate 25 ml/h), while the absorbance of the effluent was continuous

ly monitored at 280 nm. The a-crystallin fractions were pooled, dialysed 

against distilled water and lyophilized. The subunits of a-crystallin 

were obtained by ion exchange chromatography on a DEAE-cellulose (DE-52) 

column (2). 250 mg of a-crystallin was dissolved in 5 ml of 6M urea 

(deionized), 0.02% dithiothreitol, 5 mM Tris-HCl pH 8.0 (4° C) and applied 

onto a DE-52 column (1.1 χ 20 cm), which was carefully equilibrated with 

the same buffer at 4° C. After washing the column with the starting buf

fer, a linear gradient from 5 mM to 100 mM Tris-HCl, pH 8.0 was applied. 

Elution of the α-subunits was performed at 4° С with a flow rate of 30 ml/h 

and 5.5 ml fractions were collected. The absorbance of the fractions was 

determined at 280 nm and the different peak fractions were pooled, dia-

lyzed against distilled water and lyophilized. Analysis of the fractions 

was performed by electrophoresis of 40 yg samples in 13% Polyacrylamide 

slab gels in the presence of sodium dodecylsulphate, as described in 

chapter 3 and by electrophoresis in 7.5% Polyacrylamide gel rods, con

taining 6M urea and Tris/glycine buffer, pH 8.5 (3). 

In some cases aAI and aA
2
 were aminoethylated (4) before further 

processing of these chains for primary structure analysis, in order to 

introduce an additional tryptic cleavage site behind cysteine residues. 
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l-ooùvLÎon oá cyanogm biomide. ^fiagimnti 
Cyanogen bromide cleavage (5) was performed in 70% formic acid, 

containing 1% CNBr, at a protein concentration of 10 mg/ml. Incubation 

was performed in the dark for 18 h at room temperature. After dilution 

with 50 volumes of water the CNBr fragments were lyophilized. Separation 

of the fragments took place by gel filtration on Sephadex G-75. The 

cleaved oAI was dissolved in 1 ml 20% acetic acid and applied onto the 

column (1.5 χ 115 cm). Elution with 20% acetic acid was performed at 

room temperature at a flow rate of 7 ml/h and 3.5 ml fractions were col

lected. The absorbance of the effluent was continuously monitored at 

206 nm. The peak fractions were pooled and lyophilized. 

EnzymLc cLLg&itionA 

Digestion with trypsin, chymotrypsin and thermolysin was carried 

out in 0.1M ammoniumbicarbonate buffer, pH 8.9 at 37° С S-ß-aminoethy-

lated chains or CNBr fragments were digested for 1 h with trypsin or chy

motrypsin at a protein concentration of 10 mg/ml, using 1% and 2% (w/w) 

of enzyme, respectively. After tryptic digestion of the total chains or 

CNBr fragments CB1/CB1-2, the pH was lowered to 4.0 with IM HCl and the 

insoluble peptides collected by centri fugati on. Thermolytic digestion 

of oAI or tryptic peptides was carried out for 0.5 h at a sample con

centration of 1.5 pmol/ml, using 0.5 mg/ml of enzyme. All digestions were 

stopped by freezing and lyophilization. 

Se.paMLtwn о¡5 pzptideA 
Peptide mapping of enzymic digests was performed by high voltage 

electrophoresis on paper (Whatman 3MM) for 105 min at 50 V/cm in a buf

fer containing pyridine, acetic acid, water (25:1:225, by vol.; pH 6.5) 

in a varsol-cooled apparatus, followed in the second dimension by descen

ding paper chromatography in n-butanol/acetic acid/water/pyridine 

(15:3:12:10, by vol.) for 18 h (8). For preparative isolations 0.1-0.2 

pmol of peptide mixture was applied per peptide map. If the separated 

peptides were used for amino acid sequencing the map was stained with 

fluorescamine by dipping the map through a solution containing 0.001% 

fluorescamine, 0.05% pyridine in acetone (7). Peptides were localized by 
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their fluorescence at 366 nm, cut out and recovered by wetting the paper 

with 10% acetic acid and eluting it by centrifugation (8). Fingerprints, 

which could be used to obtain peptides for amino acid analysis were staine« 

with 0.02% ninhydrin, 1% acetic acid, 1% pyridine in acetone. The peptides 

were eluted from the stained spots with 0.5 ml of 6M HCl for direct analy

sis. Alternatively, soluble peptides and peptides insoluble at pH 4.0 

were fractionated on a column (120 χ 1.5 cm) of Sephadex G-50 fine in 

0.1M ammonia according to van der Ouderaa at at. (9). 

Amino add ana¿y¿¿i 

Peptide samples were hydrolysed in 0.5 ml of 6M HCl in sealed eva

cuated tubes for 22 h at П О С Amino acids were determined with a 

Rank-Hilger Chromaspek amino acid analyzer according to the manufacturer's 

manual. The composition of CNBr fragments v»as obtained from analysis 

after 24, 48 and 72 h hydrolyses. Values for serine and threonine were 

extrapolated to zero time hydrolysis and the values for valine and iso-

leucine were taken from the 72 h hydrolysate. 

Amino acid iiquznce. апаЛу&іл 

The dansyl-Edman procedure for sequence analysis of isolated pep

tides was performed according to Gray (10), using sequenal grade sequen

cing reagents from Pierce, r^-terminal dansyl amino acids were identi

fied by thin-layer chromatography on 5 χ 5 cm polyamide sheets. The 

solvent system of Woods and Wang (11) was used, modified by replacing 

benzene by toluene in solvent II (12). 

NormnaicutuAz о i раріЫгл 

Peptides are indicated by prefices corresponding to the type of 

cleavage, by which they are produced: CB, cyanogen bromide cleavage; 

T, tryptic digestion; C, chymotryptiс digestion; Th, thermolytic di

gestion. The tryptic peptides of aAI are numbered according to the num

bers used for the identical tryptic peptides of rat ah2 (1). 
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RESULTS 

l&oùxtion o{¡ the. Ai and Aa ¿ubunLtb o{¡ tuvt а-слулЫШл 

The soluble rat lens proteins were separated into the di f ferent 

c r y s t a l l i n classes by gel f i l t r a t i o n on Ultrogel AcA 34. A typical elu

t i on pattern of the AcA 34 separation is depicted in Fig. 1. 

absorbance at 280 nm 

Y 

2- /\ PH / \ / \ 

aHM / \ / — ' \ У \ 

1- /Ч_У \ / \ 
/ ' ' — N. 

1 1 τ 1 1 1 1 - ^ 
10 20 30 40 50 60 70 

fraction number 

Fig. 1, Ï/uxcXLonatixm afa іоЫЫе. naZ ігпл pnotzini by git {¡¿tbuvtum. 
on UZXAogeZ AcA 34. Separation into the different crystallin classes 
was performed as described in Methods. 6.3 ml fractions were collected 
and the a-crystallin fractions, underlined, were used for the isolation 
of the A2 and AI subunits. 

In contrast with the separation on Sephadex G-200, used previously 

(chapter 2), the a-crystallin fraction was split up into two fractions. 

The largest a-crystallin aggregate represents the so-called амм (high 

molecular weight a; ref. 13). аим contained, beside the a-crystallin 

subunits, some subunits of 3-crystallin. Therefore, only the α fractions 

underlined in Fig. 1 were used for the isolation of oAI and aA
2
. These 

subunits were separated by ion exchange chromatography on DEAE-cellulose 

(DE-52). A good separation of aAI from the other a-crystallin subunits 

was obtained, as is shown in Fig. 2. Samples of the pooled peaks I to V 

were analysed by dodecylsulphate Polyacrylamide gelelectrophoresis, 

which indicated that peak III (Fig. 2) is largely pure aAI (insert in 

Fig. 2). The AI and аАг subunits, obtained by this procedure, migrated 

as a single band in Polyacrylamide gelelectrophoresis at pH 8.5 in the 
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presence of 6M urea ( F i g . 3), 

absorba nee at 280 nm 

1.5· 

1.0-

0.5 

/\ 

5 
Σ 

24-
20-

I Π Ш E V 

их W '̂ Xjl 
tt ш iz зг 

»—Il Il 

20 
— ι — 

4 0 
- 1 r 

6 0 8 0 
fraction number 

Fig. 2, Fu/LÎfaccuoLon o¿ oAI and aAz by -¿on гкекапде. ciaAomatogKaphy 
on ίΈΑΕ-ceX¿ui.o4e (t>E-52). Subunits o f ra t a - c r y s t a l l i n were obtained 
by chromatography on DE-52 as described in Methods. The pooled f r ac 
t ions I to V (underl ined) were analysed by dodecylsulphate Polyacrylamide 
gel e lectrophoresis ( i n s e t ) , as described in Methods of chapter 3. 

в 2 -

B, -

A t 

Fig. 3, kcxytamidi get гіе.сілоркоя.ел-іі ¿η 
Тплл/glycine. Ьа^ел, pH S.5, containing 6M илса, 
od the. puJii^-iíd aki- and aAz-chcu-n. The posi
tions of parallel electrophoresed subunits of 
bovine a-crystallin are indicated. 

AI Аз 
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Сотралллоп о{, pe.ptA.az compoiAjtiûn, о£ αΑΙ and оАг 

R i r i f i e d αΑΙ and оАг were S-ß-amino-ethylated and digested w i th 

t r yps i n and chymotrypsin. Maps o f the soluble t r y p t i c and chymo-

t r y p t i c peptides are shown in Figures 4 and 5, respec t i ve ly . 

T6 О 
T3 

Ό T5 
£ЗТ10",Т17Ь «üb 

™<0 CDT17b~ ^ Q 
TÍO Tb 

о Т17а/· 
Ç ^ T 15-16 

О 
Т2,Т15 

о TJ6 

о 
- ^ Т16-17а 

ті О Т14 сэ 
Т І З С ^ Т12 

Т20 Л Л Та 

О О ^ 
)·* 1 И-) 

electrophoresis 

F i g . 4 , Compoi-cte. p&pttde. map о^ tsiyptic cLígeAti oi S-^-anvinodthyùvtzd 
Al-chcUn and o^ S-ß-curu.noeXkyíatzd aÁ2-cha¿n. «Al-spots, sta ined by 
n inhyd r in , are marked by s o l i d l i n e s ; the numbered Al-spots are i d e n t i 
cal to aA2-spots; Ta and Tb are not present i n the Аг-тар; The 
A 2 -pept ide T6, i n the spot marked by a dotted l i n e , i s not present i n 
αΑΙ. The spot marked by * contained the peptide s e r - g l y - p r o - l y s , which 
i s r e s u l t i n g from a chymotrypsin- l ike d i g e s t i o n of T17b. 

Only small d i f ferences were observed between the maps of both a-crys-

t a l l i n s u b u n i t s , suggesting t h a t αΑΙ is an A - c h a i n - l i k e polypept ide. In 

F ig. 4 the t r y p t i c peptides are numbered on basis o f t h e i r p o s i t i o n in 

the amino acid sequence of aAz, s t a r t i n g from the N-terminus ( 1 , 9 ) . 

Almost a l l aAi-peptides were present i n aAI . The amino acid composition 

of the t r y p t i c pept ides, which the AI-chain has i n common w i t h the 

A 2 -chain are l i s t e d i n t a b l e 1. The inso lub le core peptides T4 and T9 

(not present on the map) were obtained by gel f i l t r a t i o n on Sephadex G-50. 

In t a b l e 1 , i n stead of the composition of complete T4, the composition 

of the t h e r m o l y t i c peptides o f T4, separated by peptide mapping (compare 

F i g . 2 of r e f . 1 ) , are depicted. For technical reasons no amino acid 

analysis of T9 could be obtained. The e l e c t r o p h o r e t i c m o b i l i t y ( F i g . 4) 
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ел 

Table 1, Amino acid composition o^ tsiyptic ргріЫол o¡$ oAI, ¿áíviticAt to aA2-&iyp£¿c ре.р£Ы&&·, amino acid 

composition оl tkeAmolytic ptptidti o fa Τ4Λ Peptides were purified by peptide mapping of to ta l 

AE-aAI-peptides (T) and CNBr peptides (C), or by gel f i l t r a t i o n followed by mapping (G). 

PEPTIDE 

T l 

T2 

T3 

T4Thl 

T4Th2 

T4Th3 

T4Th4 

T4Th5 

T4Th6 

T4Th7 

T5 

T7-8 

T10 

AMINO ACIDS 

AE-b) 

corresponding 

CN3r fragment 

Asp Thr Ser Glu Pro Gly Ala Cys Val M e t a l l e Leu Туг Phe His Lys Arg T r p b ) p u r i f i c a t i o n PEPTIDE 

1.1 1.0 

1.0 0.9 

1.1 0.8 

1.1 1.0 

1.1 1.0 

1.0 

1.0 

1.0 

1.1 0.9 0.9 

1.0 1.1 1.0 

+ 

+ 

1.1 1.8 1.2 0.8 

1.1 

1.0 

1.3 

1.0 

1.0 

2.2 

1.1 1.9 

1.1 

1.0 

0.9 0.9 

1.0 0.8 

2.0 0.8 

1.2 0.9 1.1 1.2 0.9 

1.0 0.8 1.1 

0.8 1.8 

0.9 

0.9 1.0 1.1 

1.9 1.1 

1.0 

1.0 

1.0 

1.0 1.0 

1.0 

1.0 

1.0 1.1 

1.0 

0.9 

1.2 1.0 

0.9 0.9 0.8 

G 

С 

Τ, С 

Τ 

G 

G 

G 

G 

G 

G 

G 

T, С 

С 

Τ, С, G 

CBITI 

CB1T2 

CB1T3 

CB1T5 

CB3T4-5 

CB3T7 

http://pi.ptA.da


Table 1 (continued) 

PEPTIDE 

Til 

T12 

T13 

T14 

T15-16 

T17a 

-

Т18 

Т19 

Т20 

Asp 

1.3 

1.1 

2.2 

1.8 

1.0 

1.1 

Thr Ser 

0.9 

2.5 

1.6 

1.7 

0.7 

3.9 

Glu 

2.2 

1.0 

0.8 

0.7 

1.2 

1.9 

1.8 

Pro 

1.0 

1.0 

2.1 

Gly 

1.1 

1.2 

1.0 

2.2 

Ala 

0.9 

1.0 

1.1 

0.8 

1.0 

AE-

Cys 

+ 

AMINO ACIDS 

b) 

Val Met
3
hl e Leu Туг Phe His 

1.8 0.7 1.0 1.0 0.8 

0.7 

0.8 0.8 1.1 

1.2 1.2 

1.0 

0.9 1.8 

0.7 0.9 

0.9 0.9 0.9 

1.1 1.1 

Lys 

0.8 

1.0 

Arg Trp 

1.1 

1.0 

0.8 

1.9 

1.2 

1.1 

£̂U rification 

T.C.G 

Τ 

С 

т.с 
τ 
с 
с 
CG 

T.C 

т,с 

corresponding 

CNBr fragment 

PFPTJnF 

CB3T8 

CB3T9 

CB3T10 

CB3T11 

CB3T12-13 

CB3T14a 

CB3T14b 

CB4T2 

CB4T3 

CB4T4 

a) In CNBr peptides determined as homoseri ne + homoseri ne lactone. 

b) Aminoethylated cysteine and tryptophan were not determined quantitatively. 
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and the amino acid composition (Table 1) of αΑΙ-Tl are identical to 

those of Tl of аАг, indicating that aAI, like aAz , is N-terminally 

blocked, supposedly by an acetyl group. The presence of both the 

N-terminal peptide Tl and the C-terminal peptide T20 indicated that 

the AI-chain is not a terminally elongated Α-chain. The tryptic peptide 

T6, present in position 55-65 of аАг, was missing in the fingerprint of 

aAI, but the C-terminal di peptide of T6, Val-Arg, was found again in 

spot Tb, which was not present in the аАг-тар. 

electrophoresis 

Fig. 5, СотроиХе. pzptidz map o¡$ скутоЫурИс. digesti o{¡ αΑΙ and аАг· 
Ninhydrin stained spots of aAI-peptides are indicated by solid lines. 
All these spots are also present on the аАг-тар, except C2. The Az-peptide 
C3, indicated by a dotted line, is not present in the ctAI-digest. 

Another AI-specific tryptic peptide is observed, designated as Та in Fig. 

4. Sequence analysis revealed a pentapeptide Asn-Asn-Pro-Gly-Lys. The 

tryptic peptide composition of the AI-chain suggests that AI differs 

from the Α-chain in an internal sequence, located somewhere between po

sition 55 and 63 of the Az-polypeptide. This suggestion is supported by 

the chymotryptic maps of AI and Az (Fig. 5). The aAz-peptide C3 (amino 

acids 58-71) is not detected in the AI-map, whereas the tetrapeptide located 

in A
2
 in position 54-57 is present in AI (Cl in Fig. 5). So, it seems 

that at least the Az-sequences of amino acids 1-57 and 64-173 are present 
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in the AI-polypeptide. A faint spot was present in the chymotryptic 

AI-map, but not in the Аг-шар, designated as C2 in Fig. 5. Although 

no complete amino acid analysis of this AI-specific peptide was obtained 

it appeared to contain a methionine residue. This residue should be lo

cated in the AI-specific internal amino acid sequence. Since another 

methionine residue is present in the tryptic peptide T17b
s
 cyanogen 

bromide cleavage of the AI-chain should result in at least three frag

ments. 

Суаподел ЬкотЫг. {¡ла.дтгп£д 

Sodium dodecylsulphate Polyacrylamide gel electrophoresis of the cya

nogen bromide fragments of the AI and A
2
-chains (Fig. 6), showed that 

the AI polypeptide contained at least one more methionine residue than 

aA
2
. 

F i g . 6, АтЛу-Ь-и) o{¡ СНШ {¡nagmentò о^ 
aAI and аАг by ood¿Lmdude.cy¿ou¿pkate. 
po¿yacAy¿amíde. geZ eJÍe,ctxophofiuÁJ¡. 
Electrophoresis of CNBr fragments of 
aAI (d) and of аАг (e) was performed 
as described in Methods of chapter 3. 
As markers the following polypeptides 
were co-electrophoresed: a) molecular 
weight markers cytochrome с (MW. 12,400), 

:* ' calf α-crystal l i n (Α-chain: MW. 20,000), 
_д ovalbumin (MW. 45,000) and serum albumin 

(MW. 67,000); b) rat α-crystal l i n ; с) 
puri f ied Al-subunit of rat a-crysta l l in . 

6 7 - · 

4 5 - «> 

b 

Ì . - w 
20- * * • ? | • 

12.4- φ 

чтя· ШЕЕ 

Φψ 
mm 

a b 

The largest CNBr fragment of Аг (CSI) has a molecular weight of about 

16,000 (Fig. 6e). The major CNBr fragment of AI is smaller (+ 12,000; 

Fig. 6d), whereas aAI (MW. 24,000) is larger than аАг (MW. 20,000). This 

fragment should be larger than A
2
-CB1 if no additional methionine were 

present. CNBr fragments with molecular weight lower than 8,000 comi gra

ted with the front. Two minor bands (MW. 20,000 and 16,000) are 

visible in Fig. 6d, probably resulting from incomplete cleavage of aAI. 

Cyanogen bromide cleavage followed by tryptic digestion of the 
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Al-chain released some more pept ides, which could be detected by peptide 

mapping ( F i g . 7 ) . 

О 
CB1T6 

CB1-2 
Ο τ« 

CB3T84-

О 
СВЗТ14Ь 

СВЗТ7 

СВ1ТЗ 

О 
ОСВ1Т5 

W 
CBÎT1 C D C B 4 T 3 

CB3T13Q3 

^ о 
CB3T1l(__J) свзтз 

( • ) « -

СВ4Т4 

О 

СВЗТ9 

О СВЗТ2 СВЗТ1 о 
-•(-) 

electrophoresis 

Fig. 7, Pep-tufe map о¡J tsiypttc ргрілЛгі о^ суаподгп bnomíde. c£eayed ΑΙ. 
Peptide mapping and staining was performed as described in Methods. The 
nomenclature of the peptides is according to their position in the diffe
rent α AI -cyanogen bromide fragments CB1 to CB4. The relation of this nomen
clature to that used in Fig. 4 is indicated in Table 1. CB3T2 is identical 
to Та in fcig. 4 and CB3T3 is Tb. 

The peptides in Fig. 7 are numbered according to their position in the 

different CNBr fragments (the relationship of this nomenclature with 

the numbering of the tryptic peptides used before is listed in Table 1). 

The appearance of three AI-specific peptides (CB1T6, CB1-2T6 and CB3T1) 

by cyanogen bromide treatment indicates that at least two methionine re

sidues must be located in the internal AI-specific polypeptide sequence. 

Cyanogen bromide fragments of oAI were separated by gel filtration 

on Sephadex G-75. The elution pattern is depicted in Fig. 8 and the 

peaks have been pooled as indicated. Amino acid analysis of the top 

fractions of some peaks (Table 2) indicated the presence of the following 

CNBr fragments: CB1-2 (peak IV), CB3 (peak III) and CB4 (peak V and 

partially peak IV). Dodecylsulphate Polyacrylamide gel electrophoresis 

revealed that the peaks I and II consisted of partially cleaved aAI 

together with the largest fragment CB3. The 206 nm absorbance observed in 

peak VI is probable due to the presence of byproducts of the CNBr cleavage 
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reaction. The fragment CB1-2 contained two homoserine residues (Table 2), 

suggesting the existence of another CNBr fragment (CB1). 

absorbance at 206 nm 

0 8 - 1 

r-
50 55 60 

fraction number 

Fig. 8, fsiaztionation o^ cyanoQzn bKomldz {¡taQmnntb о{> αλΊ. CNBr 
fragments of aAI were fractionated by gel filtration on Sephadex 
li-75 as described in Methods. The fractions of peaks I to VI were pooled 
as indicated. 

Sequence o¿ cyanogen bKomidi {¡л.а.дтп£ pe.p£Ldzi 

The existence of CB1 together with CB1-2 was confirmed by mapping 

and amino acid analysis of peptides, obtained from the CNBr fragments 

present in peak IV (Fig. 8) by tryptic digestion (Fig. 9). The AI-spe-

cific peptides CB1T6 and CB1-2T6 contained one and two homoserine 

residues, respectively (Table 3). Amino acid analysis of thermolytic 

peptides of CB1-2T6 (Table 3) indicated that CB1-2T6 is composed of 

CB1T6 plus an additional C-terminal tripeptide Thr-His-Hse. Threonine 

should be located next to the homoserine of CB1T6, since it is known 

that cyanogen bromide cleavage of the Met-Thr bond is followed by a 

quick restoration of the Hse-Thr bond (14). Moreover, it appeared 

that the amino acid composition of CB1T6 and CB1-2T6 and its thermo

lytic peptides was in accordance with the presence of an amino acid 

sequence, identical to the aAa-sequence of amino acids 55-63, the tryp

tic peptide T6 without the C-terminal dipeptide Val-Arg. It can 

reasonably be concluded that the Al-cyanogen bromide fragment CB1-2 

comprises the peptides CB1T1, T2, T3, T4, T5, CB1-2T6, in this order. 
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CD Table 2, Amino Acid compoi-iUon oi СМВл. (¡M.gme.nti ο<$ αΑΙ. CNBr fragments were obtained by gel f i l t r a t i o n 

(cf. Fig. 8) 

AMINO ACIDS 

Asp 

Thr 

Ser 

Glu 

Pro 

Gly 

Ala 

AE-Cys 

Val 

Hse
3
) 

He 

CBl-2 

composition 

b) 

4.3 

4.0 

6.8 

6.2 

4.6 

4.1 

1.3 

-

2.0 

1.7 

2.9 

expected 

d) 

4 

4 

7 

6 

5 

4 

1 

-

2 

2 

3 

CB3 

composition 

b) 

13.3 

2.2 

8.0 

8.7 

5.1 

5.2 

3.2 

n.d. 

6.9 

3.0 

expected 

d) 

14 

1 

8 

8 

5 

5 

3 

1 

7 

1 

3 

CB4 

composition 

c) 

1.0 

0.9 

7.1 

3.8 

4.0 

3.2 

3.1 

-

1.9 

-

1.0 

expected 

d) 

1 

1 

8 

4 

4 

3 

3 

-

2 

-

1 

a) Homoseri ne plus homoseri ne lactone. 



Table 2 (continued) 

AMINO ACIDS 

Leu 

Tyr 

Phe 

His 

Lys 

Arg 

Trp 

CBl-2 

composition 

b) 

8.6 

3.7 

8.0 

2.0 

1.0 

4.2 

n.d. 

expected 

d) 

9 

4 

8 

2 

1 

4 

1 

composition 

b) 

6.1 

2.0 

5.3 

6.8 

5.9 

7.0 

-

CB3 

expected 

d) 

6 

2 

5 

6 

6 

7 

-

composition 

c) 

1.9 

-

1.0 

1.0 

1.9 

2.0 

-

CB4 

expected 

d) 

2 

-

1 

1 

2 

2 

-

b) Average values of three analyses. Threonine and serine were extrapolated to zerotime hydrolysis from 

values obtained after 24 h, 48 h and 72 h hydrolysis. For valine and isoleucine the 72 h values were 

taken; aminoethylcysteine and tryptophan were not determined quantitatively. 

c) Not corrected for hydrolytic losses. 

d) The expected number of amino acid residues, based on the presence of the proposed CNBr peptides mentioned 

in the text. 
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Table 3, Amino aoid compoi-ctlon 0$ aAl-ipzcifcc fiyptXc. ptptidti, and theMnolytA.e. pzptLdu 0(J CB1-2T6. 

Peptides were obtained by peptide mapping (cf. Figs. 7 and 9). 

PEPTIDE 

CB1T6 

CB1-2T6 

CBl-2T6Thl 

CBl-2T6Th2 

CBl-2T6Th3 

CB3T1 

CB3T2 

CB3T3 

Asp 

0.9 

1.2 

1.0 

1.0 

1.7 

Thr 

0.7 

1.8 

0.9 

1.1 

Ser 

1.7 

1.7 

1.0 

1.0 

Glu 

1.0 

1.3 

1.2 

0.9 

Pro 

1.6 

1.1 

AMINO ACIDS 

Gly 

1.3 

1.3 

1.2 

1.0 

1.1 

Ala 

1.0 

Val 

0.8 

0.9 

1.0 

0.9 

Hse*
1 

0.7 

1.4 

1.7 

He 
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Fig. 9, Pzptide. map о^ tAyptÁc dlgzAt о^ CNBt (¡Aagmzntò CBI, C87-2 and 
СЪ4. CNBr fragments present in peak IV of the Sephadex G-75 eluate, as 
indicated in Fig.8, were digested with trypsine and peptide mapping 
was performed (see Methods). Spots were stained with ninhydrin. The spot 
indicated oy * is the dipeptide Tyr-Arg, which is resulting from a 
chymotryptic-like cleavage of T4 (CB1T4). 

The oDserved amino acid composition of CB1-2 corresponds indeed to the 

sum of the amino acid compositions of these tryptic peptides (Table 2). 

Some overlapping thermolytic and chymotryptic peptides, Thl, Th2, Th3 

and CI (Table 4), support the proposed peptide sequence (compare Fig. 1Ü). 

Tryptic peptides of CB4 were also present in the map depicted in 

Fig. 9. For technical reasons no amino acid analysis of peptide CB4T1 

was performed. Instead, two thermolytic peptides from CB4, CB4Thl and 

CB4Th2 were obtained, which confirmed the CB4T1 sequence (Table 4; Fig. 10). 

By homology with the amino acid sequence of the C-terminal CNBr fragment 

of аАг (position 139-173, ref. 1) the sequence of the aAI-CB4-peptides 

should be: CB4Thl-CB4Th2-CB4T2-CB4T3-CB4T4. The sum of the amino acid 

compositions of these peptides (Tables 4 and 1) is identical to the 

observed amino acid composition of CB4 (Table 2). Peptide T18 (CB4T2) 

contains the evolutionary most variable region of the aA
2
-chain (1, 15). 

Two thermolytic peptides of CB4, CB4Th3 and CB4Th4 (amino acid compo

sition in Table 4) confirmed, that the sequence of OLAI-T18 is identical 

to rat aA
2
-T18 (ref. 1; compare Fig. 10). 

Tryptic digestion of the largest CNBr fragment CB3 led to the forma

tion of AI-specific peptides CB3T1, CB3T2 and CB3T3 (Table 3 for amino acid 

composition) and the A
2
-like peptides CB3T4-5 to CB3T14b (T7-8 to T17a, 
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Table 4, Amino CLCÁCL compoi-ition o¿ ¿ome pzptLdiA obtcUned by theMnoLytui [Th\ and chymoüiyptic. (С) digzAtion 

oh ctAI, otAI-СВЗ and аАІ-СЫ. The CNBr fragments were obtained by gel f i l t rat ion (cf. Fig. 8) and the 

peptides by mapping. 

PEPTIDES AMINO ACIDS 

Asp Thr Ser Glu Pro Gly Ala Val Met H e Leu Tyr Phe His Lys Arg 

Thl 1.1 0.8 1.0 1.2 

Th2 0.9 1.0 0.8 1.1 

Th3 0.9 0.9 0.5 1.1 

Th4 2.2 1.0 0.9 1.0 1.0 1.9 

Th5 1.0 0.9 0.9 1.1 0.7 

Th6 3.1 2.1 2.2 0.8 0.7 2.7 1.0 1.0 

CI 0.8 1.1 1.1 1.0 

CB3Thl 1.8 0.8 1.2 1.2 0.8 1.9 

CB4Thl Û.9 1.0 

CB4Th2 0.8 1.0 1.2 0.9 1.1 

CB4Th3 1.1 0.9 1.1 0.9 

CB4Th4 0.9 1.3 1.0 1.0 1.1 0.8 0.8 1.0 



CB3T14b in Table 1). A peptide map of non-aminoethylated CB3-peptides 

is shown in Fig. 6 of the preceding chapter. CB3T1 was placed N-termi-

nally since it was released after CNBr cleavage. A thermolytic peptide 

derived from CB3 (CB3Thl; amino acid composition Table 4) overlapped 

CB3T1 and CB3T2 (compare Fig. 10). CB3T3 and CB3T4-5 were placed adjacent

ly by the finding of a thermolytic peptide of aAI, Th4 (Table 4; Fig. 10). 

The remaining СВЗ-peptides are placed by homology with the sequence 

of the identical aA2-peptides (1). This is supported by some over

lapping thermolytic peptides Th4, Th5 and Th6 (amino acid composition 

Table 4; sequence Fig. 10). The occurence of T9 (CB3T6) can be deduced 

from partial overlaps of Th4 and Th5 with the known sequence of оАг-ТЭ 

(Fig. 10). No overlap was found over peptides CB3T2 and CB3T3. However, 

the number of lysine and arginine residues, determined in the amino acid 

analysis of CB3 (Table 2) is the same as present in the mentioned СВЗ-pep

tides, leaving no place for an additional tryptic peptide located between 

CB3T2 and CB3T3. There is a small difference between the sum of the 

amino acid compositions of the СВЗ-peptides mentioned and the amino 

acid composition of the CNBr fragment CB3 (Table 2). The values of the ami

no acids threonine, glutamic acid and histidine in CB3 are somewhat en

hanced as compared to the expected composition. However, in the analytical 

method used it was difficult to discriminate between glutamine and 

histidine on one hand and homoserine and homoseri ne lactone on the other 

hand, respectively. The elevated values for glutamic acid and histidine 

are most probably due to the expected presence of one homoserine residue 

(in CB3T14b). It is not clear yet where the apparently additional threonine 

residue should be placed in the СВЗ-sequence. In agreement with the 

amino acid sequence of oiA
2
 (1), the aAI-fragment CB3 has been placed 

N-terminal of CB4. 

Amino acÀd ¿equence ofa aAI 

CB1-2, containing the N-terminal tryptic peptide should be placed 

N-terminal to CB3-4, which contains T20 (CB4T4). Unfortunately an over

lapping peptide over these parts of the AI-chain has not been found yet. 

Therefore, we cannot exclude that an additional short cyanogen bromide 

fragment might have escaped detection and could be located between 
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Fig. 10, Amino acÁd otquznce. o£ the. Αϊ шЬтлХ ο& fwX. а-слулЫШл. The figure summarizes which peptides 

were used to construct the depicted sequence. A few residues were placed by Edman degradation (-»•). The 

AI-specific sequence is indicated by a bold l ine. No amino acid composition of T9 was obtained (dotted 

l i n e ) . The symbol / between positions 68 and 69 emphasizes that no overlap has been found between the 
fragments CB1-2 and CB3. 



CBl-2 and CB3. As far as the data allowed the amino acid sequence of 

aAI has been reconstructed as depicted in Fig. 10. 

Ткг. оссиллеисе o¡$ cxAI ¿η ¿¿{¡{¡сл& і бр&Ылл 

α-Crystallin was purified by gel f i l trat ion of the soluble lens 

proteins, originating from 16 vertebrate species representing 5 classes: 

Mammalia: rhesus monkey (Macaca Muüaiía), rat {Rattai поя. гдісил), mouse 

(Mai тилcolui), chinese hamster (Сл-ссеХи£и4 g/iZóeoó), mongolian gerbil 

{MeJUonu anguAcuZcutLLi), guinea pig (Cav-ta роксМил), rabbit {ОщсХоХл-

QUÜÍ> cunlculuÁ), dog {Са іл (¡сипсШиш,), bovine {ВОО Ыилил), african 

elephant [Loxodonta a^fUcana), red kangaroo (Маслороб Λ,α^αό), pig 

{Зил ослопа). 

Aves: chicken {Ga&íui даііш). Reptil ia: Tiip¿namb¿& ігдиіхит. Amphibia: 

frog {Rema tempoпаліа.). Chondrichthyes: spiny dogfish (Squa¿aó асап^^ши). 

Identification of the subunits was performed by dodecylsulphate Poly

acrylamide gel electrophoresis. The electrophoretic pattern of a-crystallin 

subunits of 11 species is shown in Fig. 11. 

ΑΙ- φ 

1 2 3 4 5 6 7 β 9 IO 11 12 

Fig. 11, SubumM, afa а-слуоіаІЫп онАдіпаіллд {¡п.от di^eAínt лреслел. The 
α-crystallin fractions were purified from soluble lens proteins by gel f i l
tration either on Ultrogel AcA 34 (slots 2-6, see Methods) or on Se-
pnadex G-200 (slots 7-12, see Methods of chapter 2), and analysed by dode-
cylsulphate Polyacrylamide gel electrophoresis (Methods of chapter 3). The 
following samples were electrophoresed: 1) purified rat aAI; the a-crys
ta l l in fractions, originating from 2) ra t , "3) mouse, 4) gerbil, 5) hamster, 
6) guinea pig, 7) bovine, 8) pig, 9) rabbit, 10) monkey, 11) chicken and 
12) frog. 
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It is obvious that a-crystallin from 4 species, rat, mouse, mongolian 

gerbil and chinese hamster, belonging to the rodent superfamily MuAoldza 

(suborder HyomoA-pka.), contained a subunit co-migrating with rat aAI. 

It is not clear from the gel pattern whether a-crystallin from guinea 

pig, belonging to the rodent suborder CavZomosipka, contained an aAI-like 

subunit. In the a-crystallin fraction obtained from the other mentioned 

species no αΑΙ-band was observed. These observations suggest, that the 

AI-polypeptide is a rodent a-crystallin subunit. At the moment it is 

not possible to decide whether aAI only occurs in the ^uJioidna. or also 

in other rodents. 

DISCUSSION 

The primary structure of the AI-subunit, purified from rat 

a-crystallin, has largely been established. The major part of the amino 

acid sequence was deduced by placing AI-peptides, which had an amino 

acid composition identical to rat aA2-peptides, in the same order as 

the Aa-peptides are arranged in the aAz-polypeptide (1). The actual 

sequence of amino acids in these peptides was not determined, which 

might result in overlooking reciprocal substitutions occurring in a single 

peptide as compared to the Aa-amino acid sequence. However, it can be 

argued that the chance for such reciprocal substitutions to occur is 

extremely rare, provided that the size of the analyzed peptide is re

latively small (1). 

Comparison of the primary structure of aAI with that of аАг reveals 

a striking resemblance of the two subunits. The N-terminal sequence 

of the AI-chain is identical to positions 1-63 of the Az-polypeptide. 

The C-terminal sequence of aAI is identical to the other part of the 

Aa-chain, i.e. positions 64-173. It should be stressed that no A
2
-amino 

acid residues are absent in aAI. The connecting sequence between the two 

A
2
-like parts in AI comprises a sequence of (at least) 18 amino acids. 

Therefore, this subunit is referred to as AI, i.e. Α-chain with an 

additional _Internal of ̂ Inserted sequence. A characteristic feature of 

this sequence is, that most amino acids present are hydrophylic. It is 

assumed that the AI-specific region forms a loop at the surface of the 
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molecule such that the tertiary structure of the AI-molecule will be 

largely similar to the spatial configuration of the Az-molecule. This 

should be a reason why AI apparently functions adequately as a struc

tural component of the α-crystal lin aggregate. However, the presence 

of the hydrophylic loop will probably cause that the AI-molecules 

are located at the surface of the a-crystallin complex. 

The rat aA-chain shows a small number of amino acid substitutions 

as compared to Α-chains present in other mammalian species (1, 15). 

Because of the slow evolutionary rate of the A-chain (15) it is likely 

that rodent species, related to rat, contain identical aA-polypeptides. 

No substitutions have been observed in the Α-chain like parts of otAI 

as compared to rat аАг, suggesting that AI is an a-crystallin subum't 

typical for rat-related rodents. This suggestion is supported by the 

presence of aAI in the rodent superfamily Мило-cdea (suborder Муотокрка.). 

In a member of the rodent suborder Ca.vi.omon.pha, guinea pig, also a 

third a-crystallin subunit with a higher molecular weight than the A 

and В subunits, but with a different electrophoretic behavior than oAI, 

is present. It is not clear if this subunit is a AI-like chain. If not, 

the events, which resulted in the expression of aAI should have taken 

place about 40 million years ago, somewhere in the sterni i ne of the 

HuAo-id&a (16). If the guinea pig subunit mentioned is an AI-like chain, 

the formation of the aAI-gene should have happened approximately 70 

million years ago (16). 

A 14S mRNA fraction, isolated from rat lens, is coding for aAI 

as well as for аАг (chapters 2 and 3). Because the messenger possesses 

enough nucleotides to encode a polypeptide of about 400 amino acids it 

was suggested before (Chapter 2) that one 14S mRNA might be bicistronic 

for аАг and aAI. However, similarly large messengers are coding for calf-

-аАг (17) and for chick-oAz (L.H.Cohen, unpublished results). Since the 

Az-sequences in oAI have a rat aA
2
-like composition, it is unlikely to 

assume, that Al-encoding nucleotide sequences were already present in the 

aA
2
-encoding messengers of conrion ancestors of rat,calf and chick. It 

seems more reasonable to assume, that in rat lens one 14S mRNA,coding for 

аАг, is transcribed from a gene, which has evolved from the ancestral 

aA-gene, whereas a second 14S mRNA is coding for aAI and is transcribed 

from a gene, whicn has arisen from the aA-gene by some events, which hap-
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pened at the time of origin of either rodents or МилоЫеа. 

Such events should involve a duplication of the aA-gene, followed 

by an insertion of at least 54 nucleotides into the coding region of 

one of the oA-genes. Gene duplication is thought to play an important 

role in evolution, creating additional genes, which may eventually code 

for proteins with new functions (18). Several cases of proteins, which 

are coded by genes originated from duplication events, have been des

cribed (ref. 18; compare also Table 5-1 in ref. 19). A mechanism, 

which generates duplicated genes, is unequal crossing-over between two ho

mologous chromosomes during meiosis. A similar mechanism is assumed to 

occur in the formations of deletions and consequent insertions in coding 

DNA sequences (20). Although several cases of deletions have been 

recognized, insertions in an internal position in a coding sequence 

are encountered rather seldomly (20). Crossing over within the coding 

region of two homologous genes, whose positions are shifted a number of 

nucleotides (according to Fitch (20): non-conjugate orthologous crossing-

over), will result in a gene with a duplicated DNA sequence internally 

in the coding region. Such a gene will lead either to a polypeptide with 

an internal duplication, like a
2
-haptoglobin (21), if the coupled codon 

sequences "are in phase,or to a polypeptide containing a sequence of the 

original gene product coupled to a totally different amino acid sequence 

due to out of phase reading of the crossed-over DNA sequence. In the 

latter case an additional frame shift mutation could lead to a partial 

or total recovery of the original reading frame. Depending on the site 

of this frameshift mutation a sequence of amino acids not present in the 

original gene product and/or a duplicated sequence should be present in an 

internal position. We compared the polypeptide sequences deduced from 

all possible reading frames of the base sequence, coding for theAI-speci-

fic amino acid sequences Leu-Met-Thr-His-Met and Asn-Asn-Pro-Gly-Lys, to 

the amino acid sequences present in oAz. It appeared that most probably 

the inserted nucleotide sequence has not been derived from the aA-gene 

coding sequences, unless a considerable number of amino acid substitu

tions, due to point mutations, has accumulated in the inserted loop 

region of ctAI and thus obscures a possible original intragenic duplica

tion. Since the latter suggestion is rather unlikely, it is assumed that 

the insertion in the ctAI-gene is the result of a different mechanism. 
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Keeping in mind that the exact Aa-sequence is present in AI and 

that the inserted DNA region probably originates from outside the A-coding 

region, we can speculate about possible alternative mechanisms. The pre

sence of duplicated genes creates an increased chance for unequal 

alignment of two homologous chromosomes. Such a situation is shown at 

the top of Fig. 12A, where a duplicated ctA-gene is located opposite a 

different region of the homologous chromosome. 

α A 2 coding region 

I crossing over 

I displacement 

I [Шччччччччччччччччччччтччччччч^жз; 
к - ч 
d I crossing over 

aAI coding region 
^ т ч ч ч ч ч ч ж ] [чччччтчччтчччччччччччччччччч^і^ 

^^Ч^ЧЧЧ^^ЧЧхЧ^ЧЧЧЧ^ІІІ^^^^^^ЧЧЧЧЧЧЧЧЧЧЧЧЧЧЧЧЧЧЧЧ 

— ι - = Fig. 12, Tke. faomcitUm o^ tkz 
В i crossing over aAl-дгпг £wm the, oA-gene. 

• Compare the text for explanation. 
•т^чччччччччччч^ ч̂ччччччччччччччччччччччччччччч̂  

In this situation two consecutive events of crossing-over within the 

aA-coding region during the same meiosis should lead to an insertion 

into the coding region, but also to the concomittant loss of part of the 

oA-sequence. Therefore, in the proposed mechanism, depicted in Fig. 12A, 

a displacement of the DNA sequences with respect to each other over a dis

tance d should happen between the two successive events of crossing-over. 

The second crossing-over should occur somewhere in the region d, as desig

nated in the figure. This mechanism is rather complex, since three 

69 



successive steps are necessarily involved during the same meiotic divi

sion. The mechanism depicted in Fig. 12B is an unequal crossing-over 

between the coding region and a loop in a different region of the 

homologous chromosome. It seems less complex than the former mechanism, 

but here three cleavages and three recombinations are required at the 

same site and time. Finally it can not completely be excluded that 

integration of a small circular DNA into the αΑ-coding region might be 

the cause of the Al-gene formation. The mechanism may perhaps be 

analogous to the integration of circular bacteriophage DNA (22, 23) or 

the circular DNA intermediate, originating from transcription of tumor 

virus RNA (24),into their host DNA sequences. 
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CHAPTER 5 

COMPOSITION ANALYSIS OF 14S mRNA BY HYBRIDIZATION OF CALF AND RAT LENS 

14S [
125
lJ mRNA WITH THEIR cDNAs 

INTRODUCTION 

14S mRNA, isolated from calf lens possesses about 1460 nucleotides 

(1) and is coding for the Az subunit of a-crystallin (2). Rat lens 14S 

mRNA is equally long and is coding mainly for the A
2
 subunit of rat 

a-crystallin and for a minor part for the AI subunit (Chapters 2 and 3). 

The coding region of the messenger has to contain 519 nucleotides to 

encode a polypeptide consisting of 173 amino acid residues (3, 4). The 

poly(A) sequence, located at the 3' end of the calf lens 14S mRNA con

sists of 50 (5) to 200 (6) adenosine residues. Hence, there is left a 

region of 700-800 nucleotides whose function is unknown. A possible 

coding function has been discussed in chapter 2. Alternatively,this 

region may have some important noncoding function, such as a regulato

ry role in the lifespan of the messenger. Important sequences are in 

general conserved in evolution and as a consequence not many differences 

should be found in such base sequences of the rat and calf lens 14S 

mRNA. In the oiA2-coding region of the rat and calf messenger at least 

7 bases are different, corresponding to the 7 amino acid substitutions 

found in calf аАг with respect to rat аАг (4). Moreover, the degenera

tion of the genetic code will allow mutations in the third base of the 

codon triplet.which are not detectable by amino acid substitutions. 

Third base substitution, however, might well be limited by consequent 

conformational changes in the secondary structure,which may influence 

the messenger stability. 

With the following, recently introduced techniques we were able to 

Abbreviations used: EDTA, ethylene diaminotetra acetic acid; RNase, 

ribonuclease; SDS, sodium dodecylsulphate; SSC, sodiumchlori de-sodium-

citrate; TCA,tri chi oroaceti с acid; TES, N-tris (hydroxymethyl)methyl-

-2-ann'noethane sulfonic acid; Tris, tri s(hydroxymethyl)ami no methane. 
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determine the base sequence homologies between the rat and calf lens 14S 

mRNA. Complementary DNA (cDNA) was synthesized on purified rat and calf 

lens 14S mRNA with calf thymus DNA fragments as a primer. This primer 

gives rise to short cDNA sequences synthesized all over the mRNA molecule. 

Hybridization with these cDNAs were performed with iodine-125 labeled 

14S mRNA. Homology between the rat and calf mRNA was determined by measu

ring the percentage of f
125
!] mRNA, which was protected against ribonu-

clease digestion by the homologous and heterologous cDNA. The results of 

these experiments indicate, that at least 45-55% homology exists between 

both messengers. Hybridization with mRNA fragments, containing the 3' 

end and differing in size, suggests that the homologous sequences are not 

randomly distributed over the mRNA molecule. 

MATERIALS AND METHODS 

Lens tissue was obtained form 2-3 months old calves (Dutch pedigree 

cattle) and one day old Wistar rats. The Radiochemical Center, Amersham, 

supplied the [^Cj amino acid mixture (CFB 103), Q
1 2 5

!] sodiumiodide 

(IMS-30, spec. act. 11-17 mCi/vgl) and [
3
H] dCTP (spec. act. 20 Ci/mmol). 

Actinomycin D was purchased from Sigma, RNase A from Worthington 

and Tl ribonuclease (used in hybridization experiments) from Boehringer. 

Tl ribonuclease (produced by Sankyo Co, Ltd, Tokyo, Japan) used in 

fingerprinting was purchased from Calbiochem. AMV reverse transcriptase, 

M13 DNA endonuclease restriction fragments, calf thymus DNA primer and 

9S globin mRNA were kind gifts of Drs. J.W. Beard, L. Edens, Α. Berns 

and F. Asselbergs .respectively. 

Isolotto« and puAA^-iccution o¡{ 74S mRNA ¿-torn ¿гпі Ылшг 

Isolation of polyribosomes from calf lens and from rat lens has 

been described by Bloemendal ei а£. (7) and in chapter 2, respectively. 

See chapter 2 for the isolation procedure of mRNA from lens polyribosomes 

and chapter 3 for further purification of the 14S mRNA fraction. Re-

chromatography on oligo (dT)-cellulose followed by sucrose gradient cen

tri fugati on was repeated until the 14S mRNA preparations showed only 

stimulation of either оАг synthesis (calf) or оАг and oAI synthesis (rat) 

in a reticulocyte cell-free system. In these cases uniform labeling of the 
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translation products was performed by the use of ap^C] amino acid mix

ture (final concentration 0.1 μΟί/μΙ), replacing the corresponding 

non-radioactive amino acids in the translation mixture, described in 

Methods of chapter 2. 

SywthzA-Lb of, ΌΝΑ, complemzntcuty to 14S mRNA 

With the aid of the enzyme reverse transcriptase, isolated from 

Avian Myoblastosis Virus according to the method of Kacian and Spiegel-

man (8), complementary DNA was synthesized on 14S mRNA as template, 

using degraded calf thymus DNA as primer (9). Calf thymus DNA primer 

was prepared according to Tayler гі al. (9). The standard reaction mix

ture (50-150 μΐ) consisted of 50 mM Tris-HCl, pH 8.3, 50 mM KCl, 10 mM 

MgCl
2
, 10 mM dithiothreitol, 100 pg/ml Actinomycin D, 1.6 Ci/ml [

3
H]-dCTP, 

1 mM of the unlabeled nucleosidetriphosphates, 1 mg/ml calf thymus DNA 

primer, 7.5-8.3 vg/ml 14S mRNA and 120 U/ml reverse transcriptase. In

cubation for 1.5-2 h at 37° С was stopped by addition of NaOH, EDTA, SDS 

to final concentrations of 0.3 N, 20 mM and 1%, respectively. Degradation 

of the mRNA was performed by continuing the incubation for 18 h at 37° C. 

After neutralization the mixture was applied onto a Sephadex G-50 column 

(0.7 χ 40 cm) and eluted with 10 mM Tris-HCl, pH 7.5-0.5 mM EDTA. Ten μΐ 

aliquots of the 0.5 ml fractions were counted in a Packard Liquid-scin

tillation counter,the cDNA containing fractions pooled and precipitated 

with ethanol in the presence of 30 μg E-Coli tRNA. After the precipitate 

was dissolved in hybridization buffer (see under Molecular hybridization) 

a sample was precipitated with trichloroacetic acid and the ̂ -radio

activity was determined. A 100 μΐ incubation yielded about 2 χ 10 cpm 

[
3
H] cDNA (spec. act. 2200 cpm/pmol nucleotide). 

Ίοάίηουυίΰη об 14S mRNA 

Iodine-125 labeling of 14S mRNA was performed according to a modi

fication of the Commerford reaction (10) as described by Prensky (11). 

The reaction mixture was composed by adding in order: 5 μΐ of Na
 1 2 S

I 

(0.1 mCi/μΙ), 10 μΐ of an acidification solution containing 0.075 M 

HN0
3
 , 0.1 mM KI and 0.2 M NaAc pH 4.7, 7 μ! 14S mRNA solution (0.03 μg/μl) 

and 3 μΐ 5mM TICK in 1 M NaAc pH 4.7. The mixture was incubated for 15 

min at 60° С and the reaction stopped by addition of 150 yl of 0.01 M 
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Na2S03> 0.1 M NaCl, 1 mM EDTA, 50 mM Tris-HCl pH 7.2, whereafter the 

incubation was continued for another 20 min at 60° C. 25 yg E.Coli tRNA 

was added and the iodinated 14S mRNA precipitated by addition of 2 volumes 

of ethanol. The mRNA was collected by centrifugation and dissolved in 

1 ml of oligo (dT)-cellulose application buffer (the method section of 

chapter 2). In order to determine the specific act iv i ty ,5 yl samples 

were precipitated with tr ichloroacetic acid, passed through a n i t r o 

cellulose f i l t e r and the i odi ne-125 radioactivity determined in a LKB 

Wallac 8000 gamma sample counter. Specific a c t i v i t y of 14S [125lJmRNA was 

in the range of 9,500-15,500 cpm/pmol nucleotide. The 14S [125IlmRNA was 

puri f ied further by chromatography on oligo (dT)-cenulose (Methods of 

chapter 2) , precipitated with ethanol and stored at -20° С Before the 

ethanol precipitat ion an aliquot(about 10 cpm) was taken and analysed 

by centrifugation in an isokinetic 15-30% (w/w) sucrose gradient as 

described in method section of chapter 2, together with 5-10 yg of E.Coli 

tRNA (4S), 9S globin mRNA and 18S ribosomal RNA as internal markers. 0.4 

ml fractions were collected, mixed with 10 ml of Instagel (Packard) and 

the i odi ne-125 radioactiv i ty was determined in a Packard L i q u i d - s c i n t i l 

lation counter(3H-setting). 

Цоігсиіал. kybnÁd¿z.at¿on 

Base sequence homology between rat and calf lens 14S mRNA was deter

mined by hybridization of rat and calf lens 14S [1 2 5 I ] mRNA with an excess 

of rat and calf lens 14S [3H] cDNA. Standard hybridization was performed 

in 4 yl hybridization buffer (1 M NaCl, 0.1% SDS, 0.5 mM EDTA, 2 yg/ml 

Polyvinylchloride, 10 mM TES-NaOH, pH 7.0) covered with paraff in o i l , 

at 68° С for 25-115 h. The cDNA concentration was 1.8-3.4 pmol/yl which 

was a 10-12 times excess over the [ 1 2 5 I ] mRNA concentration. E.Coli tRNA 

was added to each hybridization mixture in order to achieve a tota l RNA 

concentration of 0.5 Pg/Pl. Incubations were continued unt i l a log C0t 

value (C t = cDNA concentration (mol/l) χ time (sec)) of -0.50 to -0.12 

was reached to ensure that saturation values were obtained. Before hy

bridization the reaction mixture was heated for 5 min at 98-100° С After 

hybridization 200 yl 2 χ SSC (0.3 M NaCl, 0.3 M sodiumcitrate, pH 7.0) 

was added. In order to determine the percentage hybrid formation 2 χ 100 

yl were taken and each diluted to 500 yl with 2 χ SSC. Three yl of a 
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RNase solution containing 4 yg/pl RNase A and 2 U/yl Tl RNase was 

added to one of the samples. Both samples were incubated for 1 h at room 

temperature. The TCA precipitable iodine-125 radioact iv i ty in the RNase 

treated and nontreated samples was determined in a gamma counter. The 

percentage hybridization is the rat io of the RNase resistant counts and 

the TCA precipitable counts from the nontreated sample, mult ipl ied by 100. 

¥na.Qm<LnZatÁxm ci 14S [ 1 2 5 l ] mRWA 

The 14S [1 2 5 I ] mRNA was fragmented by a mild alkaline treatment as 

described by Wang e¿ al. (12). 300 μΐ of a [ 1 2 S I ] mRNA solution in 10 mM 

Tris-HCl pH 7.3, 10 mM NaCl, 1 mM EDTA was preheated at 50° С Incubation 

at 50° С started by addition of 15 yl of 1 M N82003 and was stopped at the 

desired time by c h i l l i n g and addition of 15 yl of 1 M acetic acid and 200 

yl chi l led buffer. The size of the formed fragments was determined by 

centri fugati on in an isokinetic 15-30% (w/w) sucrose gradient with 4S 

and 18S RNA as internal markers. Centri fugati on was performed for 20 h 

at 40,000 rpm and 4° С in a SB-283 rotor of an IEC ultracentrifuge. The 

markers were localised by pumping the gradient through a flow cel l of the 

Gilford spectrophotometer, monitoring the absorbance at 260 nm. 0.4 ml 

fractions were collected and iodine-125 radioact iv i ty was determined. 

lòoùUUon oá 3' ішдтгпи oí US [125l] mRNA 

Rat and calf 14S [ 1 2 5 l ] mRNA were fragmented in a 10 minutes 

alkaline treatment at 50 C, as described above. Selection for fragments 

containing poly(A) (3' fragments) was performed by chromatography on 

oligo (dT)-cellulose, followed by formamide treatment and sucrose gradient 

centrifugation (method section chapter 2). The radioact iv i ty was deter

mined in 25 yl aliquots of the 0.4 ml gradient fractions. Fractions were 

pooled in 3 size classes: 3S-7.5S, 7.5S-10.5S and 10.5S-14S which were 

designated as 6S, 9S and 12S 3' fragments, respectively. E.Coli tRNA 

carr ier was added and the RNA precipitated by the addition of ethanol. 

The 3' fragments were dissolved in hybridization buffer for use in 

hybridization experiments. 
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RESULTS AND DISCUSSION 

иААЛу oá tho, Aat and са1{> Іг і US mRWA 

After repeated purification by oligo(dT)-cellulose chromatography 

and sucrose gradient centrifugation the mRNA fractions consisted of 

poly(A) containing RNA, which sedimented in a sucrose gradient in a 

single band with a sedimentation coefficient of 14S. Calf lens 14S mRNA 

stimulated the synthesis of oAz-crystallin in a reticulocyte cell-free 

system containing ['Ч] amino acids (Fig. 1). 

Fig. 1, Τ nam, lotion piodacXi о ¡J cali 
and not Ігпл US mRNA. Calf and 
rat lens 14S mRNA translation pro
ducts, synthesized in a reticulo
cyte cell-free system in the pre
sence of [^C] amino acids, were 
separated by dodecylsulphate Poly
acrylamide gel electrophoresis. The 
^C-labeled polypeptide bands were 
visualized by scintillation auto
radiography and the density of the 
bands determined in a Vitratron den
sitometer (type TLD 100) at 500 nm. 
Dashed line: Calf lens 14S mRNA 

translation products, 
Bald line : Rat lens 14S mRNA 

translation products, 
Thin line : Cell-free system endo

genous translation pro
ducts. 

electrophoresis 

Rat lens 14S mRNA gave rise mainly to the synthesis of aA
2
 and, to a 

minor extent (4-5%), of oAI (Fig. 1). No other translatable mRNAs were 

detected in these 14S mRNA preparations. Since very low concentrations 

of the mRNA preparations (10-20 ng/yl) gave already considerable 
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Stimulation of 01A2 synthesis it seems not very likely that nontrans-

latable 14S poly(A) containing material was present. This assumption 

is sustained by the result of fingerprinting the 14S mRNA preparations 

labeled with iodine-125, to be described later. The 14S mRNA, coding 

for oAI is probably present as a separate messenger in the rat lens mRNA 

preparation (compare discussion of chapter 4). The concentration of 

this messenger should be low according to the fingerprint experiment 

mentioned. The aAI-nessenger cou'd comprise about 4-5% of the rat 

messenger preparation, if the translation efficiency for the oAI and 

aA2-mRNAs is the same. Such a low percentage will not interfere with 

the homology determinations between rat and calf lens 14S mRNA. Moreover, 

because the aAI-messenger will probably possess large sequences which 

are similar to the rat oAz-messenger sequences (compare chapter 3 and 4), 

this interference is not expected. 

Synthu-ib oi ША, complumzwtafiy to fiat and caia ¿гпл US mRNA {US cWA) 

In order to obtain an overall transcript of the 14S mRNAs, calf 

thymus DNA primer was used instead of oligo (dT) primer (5, 13). Calf 

thymus DNA primer consists of very short oligonucleotides which are able 

to form unstable hybrids all over the messenger molecule. The optimal 

concentration of calf thymus DNA primer in stimulation of the synthesis 

of calf 14S CUNA was established (Fig. 2). The incorporation of [
3
HJ-

dCTP into TCA precipitable material, obtained at four different primer 

concentrations (0.25, 0.5, 1.0 and 2.0 pg/ml) was determined at the 

incubation times indicated in the figure. At a 1.5-2 h incubation an 

optimum in the cDNA synthesis was observed at a primer concentration of 

1 mg/ml.The use of calf thymus DNA primer probably creates multiple 

priming sites on the messenger template and therefore largely short 

cDNA fragments will be synthesized. The rat and calf 14S cDNA sedimented 

in an alkaline sucrose gradient as a broad band with an optimum at a 

fragment length of 100-200 nucleotides as determined by comigration of endo-

nuclease restriction fragments of bacteriophage M13 DNA (not shown). 

Although the synthesis of the cDNA was performed in the presence 

of Actinomycin D, which should prevent the synthesis of double-strand 

DNA (14), 20-30% of our cDNA preparations appeared to be resistent to 
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SI single-strand specific nuclease. However, the presence of comple

mentary strands in the cDNA preparations did not disturb the hybridi

zation experiments. 

Fig. 2, E($áee¿ o ó слі^ thymu W A 
рл-шел concinÙLCutLon on thz iynthz-
ilà о£ US cVNA. [3H]-dCTP incor
poration into 14S cDNA was plotted 
versus time at different calf thy
mus DNA primer concentrations: 
0 mg/ml (o); 0.25 mg/ml (*); 0.5 
mg/mi (A); 1.0 mg/ml (·) and 2.0 
mg/ml (a). 

1 2 3 4 
time (hrs) 

ІоаілсиЫхт oí Hat and caJLi ігт 14S mRWA 

Rat and calf lens 14S mRNA were labeled with iodine-125 and puri

fied of breakdown products and other iodine-125 containing material 

by oligo (dT)-cellulose chromatography. A sample of the [
125
l] mRNA 

was analysed by sucrose gradient centrifugation as depicted in Fig. 3. 

The mRNA preparations consisted of intact 14S molecules. It appears 

from Fig. 3, that rat lens mRNA sediments a little faster than the calf 

lens mRNA.This was confirmed by gel electrophoresis in the presence 

of 7M urea of the formamide denatured[
125
l] mRNAs (not shown).The latter 

experiment indicated that the rat lens messenger contained about 

100 nucleotides more than the calf lens mRNA. Possibly the difference 

between both mRNAs is located in the poly(A) sequence because the 

rat mRNA is isolated from much younger animals and the poly(A) segments 

become shorter with age (15). In most experiments freshly iodinated 

mRNA preparations were used, since the 14S mRNAs labeled to high speci

fic activity, underwent considerable degradation during storage. 

Ribonuclease Tl fingerprints were made from freshly iodinated calf 
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and rat 14S mRNA. The autoradiographs of these fingerprints are shown 

in Fig. 4. 

[ 1 2 5 lJ -radioactivity 

2000 

cpm 

1500 

1000 

500 

20 bottom 
fraction number 

Fig. 3, Засло&г. Qfuxdltnt cm&iiúugcuUon 0$ /45 [125l] mRNA. Calf lens (·) 
and rat lens (o) JKS Γ 1 2 5

1] mRNA were centri fuged in parallel sucrose 
gradients as described in Methods. The localization of the internal 
markers, 4S c.Coli tRNA, 9S gl obi η mRNA and 18S ribosomal RNA, was de
termined by measuring the absorbance of the gradient in a Gilford 
spectrophotometer at 260 nm. 

Fig. 4, 'RÁ.bon.u.dLíaiz. Tl ¿¿пдеЛрпЛпЯь 
oi US [125

I] mRNA. 10
b
 cpm of fresh

ly iodinated calf lens (A) and rat 
lens (B) 14S mRNA were digested 
with ribonuclease Tl (250 U/ml) 
for 1 h at 37° С and fingerprinted 
according to Brownlee and Sanger 
(20). The origin is at the lower 
left; the first dimension was 
from left to right, and the second 
[thin layer homochroraatography with 
homochromatography mixture „C" (20)] 
from bottom to top. 
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The amount of unique oligonucleotides, present as spots in the bot

tom of the autoradiographs are proportional to the nucleotide sequence 

complexity of the mRNAs . Comparison of the two fingerprints suggests, 

that the complexity of both 14S mRNAs are of about the same magnitude. 

This indicates, that a large amount of one contaminant is not present 

in one of the two mRNA preparations. Therefore, also the AI-mRNA should 

be present i navery low concentration in the rat lens 14S mRNA prepara

tion. 

Homology deíeAmóiatám -in слІ£ and not ¿e.n& 14S mRMA 

In order to determine the percentage of homologous base sequences 

present in both 14S mRNAs ,molecular hybridization of calf lens (CL) 

and rat lens (RL) 14S [125l] mRNA with an excess of CL and RL 14S cDNA 

was performed. The saturation values of the homologous (CL mRNA-CL cDNA; 

RL rr.RNA-RL cDNA) and heterologous (CL mRNA-RL cDNA; RL mRNA-CL cl)NA) hy

bridizations were obtained by a 73 h incubation of hybridization mix

tures, containing a fixed mRNA concentration and increasing cDNA con

centrations (Fig. 5). 

hybridization (%) 

80 

60 

40 

20 

0.0 0.2 0 4 0 6 0 8 1.0pmol/¿jl 
cDNA concentration 

Fig. 5, HybnAdlzatlon o& MS[ 1 2 Sl] mRNA usWi US сША. Rdtlens (RL) 
[

l25
l] mRNA (0.12 pmol/yl) and calf lens (CL) [

125
l] mRNA (0.13 pmol/μΐ) 

were hybridized with RL and CL 14S cDNA (concentrations listed in the 
figure) for 73 h at 68 C. Determination of % hybridization is described 
in Methods. 
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of -0.50 to -0.12 was reached. The heterologous hybridization values 

normalized to 100% homologous hybridization were 46-55% and 44-53% 

for the CL mRNA/RL cDNA and RL mRNA/CL cDNA annealing, respectively. 

Since very short homologous sequences or sequences with a large number 

of mismatching base pairs are probably not detected by the method used, 

these figures represent a minimal estimate. The hybridization values 

indicate, that at least half of the nucleotide sequences in both 14S 

mRNA's are similar. The same values for both heterologous hybridizations 

were found, strongly suggesting that both 14S mRNA preparations 

were pure. This was already indicated by the fingerprinls of the iodine-125 

labeled messengers. 

Ткелтаі МаЬШЛу о (J the. [12S
l] WA-WA hybrvuL· 

The data presented above do not show whether the partial homology 

observed between both mRNA's is due either to long conserved segments 

of identical sequences combined with segments which are completely dif

ferent, or to a large number of base pair substitutionsthroughout the 

messengers. In order to elucidate this question the thermal stability 

of the nucleic acid hybrids was determined. Thermal melting curves of 

the two homologous and the two heterologous hybrids are depicted in 

Fig. 6. The temperature at which 50% of the hybrids has been dis

sociated (Tm) is listed in the same figure. The Tm values for the 

heterologous hybrids (77, 78 C) are considerably lower than those for 

the homologous hybrids (87, 88 C). The Tm values of both hetero

logous hybrids are about the same, suggesting that the same sequences 

are involved. The decrease of the thermal stability of a nucleic acid 

hybrid is correlated to an increase in the degree of base pair mismatch 

between the two component sequences (16). Therefore, we conclude that 

the similar sequences in both 14S mRNAs are not identical but contain 

a number of mismatched base pairs. 

The. aMange/nint o^ homologouò tie.g¿oni ¿η the. nat and caifa ¿e.n& 14S mWA 

The similar base sequences present in the calf and rat messenger 

may either be distributed randomly over the mRNA molecule or more or less 

be concentrated in some parts of the mRNA molecule. In order to dis-
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The hybridization curves, depicted in Fig. 5 are leveling off at in

creasing cDNA concentration. The saturation plateau for the homolo

gous RL hybridization was reached at approximately a 6 fold cDNA excess, 

for the other hybridizations at a slightly lower cDNA concentration (_+ 

4 fold cDNA excess). The hybridization values obtained at the highest 

cDNA concentration (0.97 pmol/pl;log C
0
t -0.59, + 8 fold cDNA excess) 

are listed in table 1. 

Table 1. Satu/uution vcdueA o^ thz homologous and кгіелоіодоиі hybsUxLí-

zaUon oá Λα* leni, (KL) сші cala Іг ь (CL) US [125
I] mRWA 

and 14S aVMA^obtaimd {¡кот ^¿gu/LZ 5. 

[125I] mRNA/cDNA 

CL/CL 

CL/RL 

RL/Rl 

RL/CL 

% hybridization 

saturation values normalized values* 

87.8 100 

42.9 49 

76.3 100 

39.1 51 

*Saturation values normalized to 100% homologous hybridization 

The self-annealing values (percentage RNase resistant material after 

incubation without cDNA) of tïe CL and RL messengers were 8.4% and 

7.6%, respectively. As the self-annealing sequences might be available 

for hybridization in the presence of an excess of cDNA, the hybridi

zation values were not corrected for this self-annealing. In the homo

logous hybridizations the theoretically expected 100% hybridization was 

not reached, which is quite usual in this kind of experiments. In order 

to compare the hybridization values obtained with the CL and RL mRNA, 

mutually, the percentages were normalized to 100% hybrid formation for 

the homologous hybridizations. This normalization resulted in satura

tion values of about 50% for both heterologous hybridizations (Table 1). 

The percentage of hybridization was determined in four other 

experiments, where a 10-12 fold cDNA excess was used and a log С t value 
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criminate between these two possibilities hybridization experiments 

were performed with 14S mRUA fragments of different size, all 

containing the 3' end of the messenger. 

[
125
I] mRNA was fragmtnted by a mild alkaline treatment at 50° C. 

There exists an inverse relationship between the incubation time and 

the average fragment length. To obtain an even distribution of different 

fragments , testincubations were performed for 5 ,10 ,15 and 20 min. 

% hybrid nondissocrated 

100-

9 0 -

Θ0 

7 0 -

6 0 -

50 

40 

30 

20 

lO-

SO 

mRNA/cDNA 
hybrid 

C L / C L 
R L / R L 
C L / RL 
R L / C L 

Tm (°C) 

88 («) 
87 ( D ) 

77 (Δ) 

78 ( ·) 

— i -
60 90 100 С 

temperature 

Fig. 6, ТкігЛтаІ ¿tab-iLUy oi US [125l] mRÑA-US сША hybúdi. 
Hybrids of rat lens (RL) and calf lens (CL) 14S [125lJ mRNA with homo
logous and heterologous cDNA's were formed by hybridization at 68 С 
Thereafter the incubation mixture was diluted with hybridization buffer 
without NaCl to a final NaCl concentration of 0.1 M and heated at 
increasing temperatures as depicted in the figure. Samples were taken 
after 5 min incubation at the listed temperatures and the percentage RNase 
resistant material was determined as described in Methods. The initial 
values (CL/CL: 79.3%, RL/RL: 76.1%; RL/CL: 36.8% and CL/RL: 43.9%) were 
taken as 100% nondissociated hybrid. 
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The fragment size was determined by sucrose gradient centri fugati on to

gether with 4S E.Coli tRNA and 13S ribosomal RNA as internal markers 

(Fig- 7). 

L1 2 5!]-radioactivity 

1 0 0 0 -
cpm 

8 0 0 -

6 0 0 -

2 0 0 -

1 0 0 -

I I I I I I I 

top 4 θ 12 16 20 24 bottom 
fraction number 

Fig. 7, Fnagmíyvtatíon oí 14S [125lJ mRNA. Rat lens 14S [125l] mRNA 
was partially degraded by incubation at 50° С and elevated pH (see 
Methods) for different incubation times: 0 min. (t); 5 ruin (*); 
10 min (+), 15 min (Δ) and 20 min (о). Fractionation of the formed mRNA 
fragments was performed by sucrose gradient centri fugati on. The determi
nation of the iodine-125 radioactivity in the fractions is described in 
Methods. 4S E.Coli tRNA and löS rRNA were present in each tube as internal 
markers. 

At increasing incubation times there is a shift of [125l] mRNA fragments 

towards the top of the gradient. At an incubation of 10 minutes an 

even distribution of fragments between 4S and 14S was obtained (Fig. 7). 

CL and RL 14S [125I] mRNA were fragmented by a 10 minutes incubation 

and poly(A) containing fragments (3' fragments) were isolated by 

oligo(dT)-cellulose column chromatography. After denaturation in 90% for-

mamide (50 C, 4 min) the 3' fragments were fractionated into size classes 

by sucrose gradient centrifugation. As indicated in Fig. 8, RL and CL 

[125lJ 3' fragments were pooled in three fractions: 3.0S-7.5S (average 

65), 7.5S-10.5S (average 9S) and 10.5S-14S (average 12S). The 3' frag

ment classes were used in hybridizations with CL and RL 14S cDNA, 

resulting in the hybridization values listed in table 2. 
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i j - r a d i o a c t i v i t y s e d i m e n t a t i o n coe f f i c i en t 

1 0 0 0 - 1 

c p m 

8 0 0 

6 0 0 -

4 0 0 

2 0 0 

4S 18 S 

I 

' # 
>'/^+·-·-«4, 

top 5 

9S 

10 

'1\. 
«-fcgsgar^-fl-Q-aaga 

20 
S 

16 

12 

20 25 bottom 
fraction number 

Fig. 8, Fixictionation o{> 3' {¡fiagmznti o^ Kat and caZ^ ¿en& 14S [125lJ mRMA. 
3' fragments of rat (§) and calf (o) lens 14S [125l] mRNA were prepared 
as described in Methods. Sucrose gradient centrifugation fractionated the 
fragments according to their size. 125I-radioactivity was determined in 
aliquots of the gradient fractions (see Methods) and the fragments were 
pooled in three size classes: 3S-7.5S, 7.5S-10.5S and 10.5S-14S, desig
nated as 6S, 9S and 12S fractions, respectively. 

Table 2. HybrUdLzation о (J nat ¿гт [RL] and саі^ Imi, (CL) 

Г.
125
tl 3' іплдтти mtk RL and CL US ¿DNA 

3' fragment 

class 

6S 

9S 

12S 

14S 

cDNA 

RL 

CL 

RL 

CL 

RL 

CL 

RLf125!] 3' 
% hybridi

zation ' 

55 

27 

75 

29 

82 

44 

fragments 

% norma-

lizedb) 

100 

49 

100 

39 

100 

54 

CL Г 1 2 5 

% hybn 

zation' 

35 

71 

37 

85 

49 

88 

1] 3' 

di-

0 

fragments 

% norma-

lizedb 

49 

100 

43 

100 

56 

100 

a) the obtained percentages are the average value of two determinations 

b) the hybridization values are normalized ta 100% homologous hybridi

zation. 
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In the smallest 3' fragment fraction (6S) at least 49% homology between 

CL and RL mRNA was found. Hybridization with the 9S 3' fragment class 

resulted in lower heterologous hybridization values, whereas hybridization 

with the largest 3' fragment class shows an increase in the hybridization 

value again. This trend was present in the heterologous hybridizations 

of botn KL and CL mRNA fragments. The results lead us to the conclusion 

that the homologous regions in CL and RL 14S mRNA are not randomly dis

tributed over the messenger. The difference in hybridization values be

tween the 9S and 12S fragment classes suggests that the sequence at 

the 5' side of the mRNA, which is not present in the 9S fragment class, 

possesses a high degree of homulogy. The degree of homology in that 

region of the 14S mRNA, which is present in the 3S fragment class but 

not in the 6S fragment class, should be relatively low. 

In general the 3' end sequence of mRNAs may have an important func

tion. For instance, such a function could be related to the termination 

of transcripti on,i f the mRNA sequence derives from 3' ends of primary 

gene transcripts (17). Alternatively, these sequences might be recognized 

by a specific ribonuclease involved in cleaving the mRNA from its pre

cursor if mRNA sequences are not 3' terminal in pre-mRNA as has been 

suggested by Perry e¿ a&. (18). Furthermore, the 3' end sequence should 

be recognized by the polymerase, which takes care of the addition of 

the poly(A) sequence. Such important functions may result in conserved 

sequences at the 3' end of mRNA. The homology between rat and calf 14S 

mRNA found in the 6S 3' fragment fraction may be due to similar generally 

conserved sequences. However, nucleotide sequence analysis of the 3' 

terminal sequence of six eukaryotic mRNAs reveals only a very short 

conserved sequence common to all six mRNAs (19). If the 3' terminal 

part of the aAz-crystallin mRNAs contains conserved sequences, this is 

probably not only the result of a general mRNA function, but may also be 

due to an important role of this region, specific for the 14S mRNA itself. 

It follows not as a matter-of-course that this specific role should be a 

coding function. The existence of such noncoding regions, with an 

important (but unknown) function for individual mRNAs , is suggested by 

Proudfoot and Brownlee (19). They compared the nucleotide sequence ad

jacent to the 3' terminal poly(A) of a- and 3-globin mRNA from rabbit 

and man. Human and rabbit globin mRNA showed a considerable degree of 
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homology (ö4%) in these noncoding sequences of the individual a- and 

ß-globin messengers, whereas in this region of the ex- and e-globin 

iriMA, mutually, very little homology was found. 

Supposing, that the 3' terminal region of the 14S mRNA has not a 

coding function, then it is not clear yet where the oAa-coding sequence 

is located in the messenger. The result of the hybridization experiments 

indicates that two regions can be distinguished which are under different 

evolutionary pressure: the middle region and the 5' terminal region of 

the mRNA molecule. This suggests that these two regions have different 

functions. Thereforesit seems unlikely that both regions are coding re

gions and that the 14S mRNA is a bicistronic messenger. 

From a limited nucleotide sequence of ß-globin mRNA it was calcu

lated recently (19) that at least in this messenger the noncoding sequen

ces (which are rather short) seem to be more conserved in evolution 

than the coding sequence, due to a high mutation rate in the third base 

of the codon triplet. If this would also be the case for the aAî-mRNA, 

the coding sequence may be located in the middle region of the messenger 

and the 5' terminal region would play another important role in the 

synthesis of aA2-crystallin in lens tissue. 

The major part of the questions raised by the experiments described 

can be answered , if the nucleotide sequence of the 14S mRNA should be 

determined. 
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SUMMARY 

A pure messenger RNA coding for a well-characterized polypeptide is 

an excellent tool in the investigations of structure, function and bio

synthesis of eukaryotic mRNA. Previously a 14S mRNA coding for the Az 

subunit of a-crystallin was purified from calf lens. The calf lens system 

appeared to have some disadvantages to study the biosynthesis of 14S mRNA. 

In order to create more possibilities, 14S mRNA was isolated from lenses 

of a more suitable mammal, viz. rat. The lack of information about rat 

lens mRNA forced us to survey the soluble proteins and their mRNAs present 

in rat lens. This is described in chapter 2.Notwithstanding a striking 

resemblance with the calf lens proteins and messengers an additional 

a-crystallin subunit was observed, initially designated as aX (chapter 2), 

later referred to as oAI (chapters 3-5). The rat lens 14S mRNA fraction 

was coding for otAz, like the corresponding calf lens messenger, but also 

for a polypeptide with an approximate molecular weight of 24,000. Iimiuno-

precipitation experiments indicated that both 14S mRNA translation 

products were precipitated by common antibodies, specific for aA-chains 

(chapter 3). Peptide analysis and two-dimensional gel electrophoresis of 

the ¿n VAJOLO synthesized 14S mRNA encoded Polypeptides as compared with 

the native aAI subunit indicated that the 24,ÜJÜ translation product and 

aAI are identical (chapter 3). 

For further identification (chapter 4) the AI subunit was purified 

from rat a-crystallin. Primary structure analysis of aAI revealed that 

the aAI-molecule comprised the complete sequence of oAz, divided into two 

parts (positions 1-63 and 64-173), internally connected by a aAI-specific 

amino acid sequence. Therefore, the designation aAI was introduced, i.e. 

an Α-chain with an alternai or inserted amino acid sequence. The 

occurrence of aAI in the a-crystallin fraction of 16 vertebrate species, 

representing 5 classes, was investigated (chapter 4). It was clear that 

four species, belonging to the rodent superfamily MuAoldza. possessed aAI. 

The aAI-gene presumably originated from an insertion into a duplicated 

oA-gene. This evolutionary event apparently occurred at least 40 million 

years ago in the ancestral line of the rodent superfamily mentioned. 

The 14S mRNA possesses enough nucleotides to encode a polypeptide 
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of about 400 amino acid residues. However, rat and calf aAa comprise only 

173 residues, indicating that long noncoding regions in the rat and calf 

14S mRNA are conserved in evolution. In chapter 5 experiments, to deter

mine possible homologous sequences in these messengers, are described. 

Hybridization was performed with purified, iodinated 14S mRNAs with DNA, 

synthesized ¿n vWio on rat and calf 14S messenger (14S cDNA). The results 

indicate that at least 45-55% homology exists between both messengers. Hy

bridization with three mRNA fragment fractions, containing the 3' end 

and differing in size, suggested that the degree of homology is different 

in various parts of the mRNA molecules. Possible functions for the 

different regions of the 14S mRNA are discussed. 
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'STELLINGEN 

I 

Het kankeronderzoek is niet gebaat bij ongefundeerde speculatie 

over het mechanisme van celtransformatie, zoals bijvoorbeeld de 

veronderstelling, dat de defecte klieving van leukemie-virus-

specifieke genprodukten een rol zou spelen bij de door zoogdier 

sarcoma virussen geïnduceerde celtransformatie. 

W.G.Robey, M.K.Oskarssen, G.F.Vande Woude, R.B.Naso, R.B. 

Arlinghaus, D.K.Haapala en P.J.Fischinger, Cell JJ) (1977) 79. 

II 

De conclusie van Sonenshein en Brawerman, dat tijdens het herstel 

van muize sarcoma cellen, na vasten, cytoplasmatisch mRKP aan 

andere componenten bindt dan aan ribosomen, kan niet uit de door 

hen beschreven experimenten worden getrokken. 

G.E.Sonenshein en G.Brawerman, Eur. J. Biochem. 1Ъ_ ('977) 307. 

Ill 

De door Bettelheim gehanteerde methode om aggregaten te bereiden, 

waarin de A», A , B
7
 en В subeenheden van α-crystalline in 

verschillende verhoudingen voorkomen, is onjuist. 

F.A.Bettelheim en J.Finkei, Colloid and Interface Science 

_5 (1976) 203-216. 

IV 

In de experimenten van Rytömaa e-t aJL is niet aangetoond, dat het 

tijdelijk herstel van patiënten met acute myeloïde leukemie door 

behandeling met een gedeeltelijk gezuiverd runderleukocyten extract, 

genaamd granulocyte chalone, het gevolg is van een mitose remmend 

effect. 

T.Rytömaa, J.A.Vilpo, A.Levanto en W.A.Jones, Scand. J. Haemat. 

suppl. 27 (1976) 5 - 28. 

T.Rytömaa, J.A.Vilpo, A.Levanto en W.A.Jones, The Lancet .1.(1977) 

771 - 774. 



ν 

Ter verhoging van de levens- en arbeidsvreugde en ter verlaging 

van de werkeloosheid dienen een zo groot mogelijk aantal volledige 

betrekkingen omgezet te worden in "part-time" banen. 

VI 

De ondertekening van de trouwakte door de vrouw dient niet auto

matisch beschouwd te worden als het sluiten van een arbeidskontrakt 

waarbij zij zich verplicht de funktie van schoonmaakster, kokkin, 

wasjuffrouw en kinderverzorgster op zich te nemen. 

Louis Cohen, 23 juni '77 






