
Vol. 141, No. 1, 1986 

November 26, 1986 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Pages 112-123 

GENE REORGANIZATION DURING SERIAL DIVISIONS OF NORMAL HUMAN CELLS 

I *  I + C. Icard-Liepkalns ' , J Doly2, and A. Macieira-Coelho ' 

I Laboratoire de Pathologie Ce l lu la i re  (INSERM) and 2 Laboratoire 
de biologie moleculaire des Interferons Murins (CNRS), 

94804 V i l l e j u i f  CEDEX, France 

Received October 6, 1986 

We have followed during ser ia l  d iv is ions of human f ib rob las ts  the presence in 
chromosomal and extrachromosomal DNA, of two genes that are expressed in f i b -  
roblasts,  actin and in ter fe ron,  and of one that is not expressed, globin. The 
in tens i t y  of the blot  hybr id izat ion of the actin and globin probes with chro- 
mosomal DNA diminished during ser ia l  d iv is ions of d ip lo id f i b rob las ts .  The 
interferon gene remained constant throughout the human f ib rob las t  l i f e  span. 
Chromosomal DNA sequences were present in extrachromosomal c i rcu la r  DNA which 
appeared at the end of the f i b rob las t  l i f e  span. The resul ts could explain 
some functional changes that occur in these cel l  populations when the i r  d i v i -  
sion potent ial  declines. ® 1986 Academic Press, lne. 

During ser ia l  d iv is ions,  the genome of human f ib rob las ts  is not stable, i t  

bears various reorganizations at d i f fe ren t  levels ( I )  while small molecular 

weight DNA accumulates (2). 

Al terat ions of the actin cytoskeletal protein were f i r s t  reported by Bowman 

and Daniel (3). They observed with scanning electron microscopy that old ce l ls  

lacked prominent bundles of microfilaments and that th is  deficienc~ coincided 

with reduced m o t i l i t y .  This was confirmed by Kelley et al .  (4) who found that 

ce l l  spreading is prolonged in old ce l ls  and is correlated with a retarded 

assembly of actin bundles. Only the alpha- and beta-actin are found in micro- 

f i laments of non-muscle ce l ls  (5). In order to study the mechanism by which 

the changes in actin f i be r  organization occur during ce l l u la r  senescence, we 

used the actin gene as probe in blot hybr id izat ion experiments with genomic 
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and extrachromosomal DNA of human embryonic lung f ib rob las ts  during the i r  in 

v i t ro  l i f e  span. The acLin gene is part of a multigene family (6). In para l le l  

we followed the behavior of the beta- in ter feron gene whose product is known to 

remain steady in cultured f ib rob las ts  (7), as well as of the globin gene which 

is not expressed in f ib rob las ts  (8) and is part of a multigene family (9). We 

show here that chromosomal sequences were present in extrachromosomal c i rcu la r  

DNA of human embryonic f ib rob las ts  at the end of the i r  l i f e  span. 

MATERIAL AND METHODS 

Cell cu l ture.  The normal human embryonic f ib rob las t  l ine-( ICIG-7) has been 
i n i t i a ted  as described elsewhere (10). Cells were grown in Earle's Minimal 
Essential Medium supplemented with 10% fe ta l  ca l f  serum. They were se r i a l l y  
propagated at a 1:2 sp l i t  ra t i o .  

DNA extract ions.  The ce l l  monolayer was rinsed three times with cold phos- 
phate-buffered sal ine, then scraped with a rubber policeman and pel leted by 
cen t r i f i ga t i on  d~ring 10 min at 1000 rpm at 4 C. The cel l  pe l le ts  were incu- 
bated 2 hr at 60 C in a lysing solut ion (50mM Tris pH 7.5, 10 mM EDTA, I% SDS, 
100 ug/ml proteinase K). Then deproteinized twice by r e d i s t i l l e d  phenol and 
extracted once with chloroform. After  ethanol p rec ip i ta t ion ,  the f i r s t  extrac- 
t ion material was incubated with RNase (10 ug/ml) in 50 mM Tris pH 7.5, 10 mM 
EDTA, overnight at rsom temperature, then with proteinase K (50 ug/ml) and 
0.1% SDS, I hr at 37 C. The DNA was f i n a l l y  reextracted with phenol/chloroform 
and ethanol prec ip i ta ted.  Af ter  l yoph i l i za t ion ,  DNA concentrations were deter- 
mined both from the absorbance at 260 nm and chemically according to Burton 
(11). 

Extrachromosomal DNA preparations were obtained according to Hirt  (12) and 
then treated with RNase and proteinase K as before. The p a r t i a l l y  pur i f ied  low 
molecular weight DNA was separated from contaminating genomic DNA by isopycnic 
u l t racent r i fugat ion  CsCl (density 1.59 g/ml) containing ethidium bromide. 
Fractions were col lected and ethidium bromide was removed by isopropanol 
ext ract ion.  Af ter  d ia lys is ,  DNAs were ethanol prec ip i ta ted.  

Probes. The human alpha-globin cDNA probe (JWI01) is inserted in plasmid 
pMB9, the hamster beta-act in cDNA probe (pAct- l )  the mouse beta-act in cDNA 
probe (pAL41), the human beta- inter feron genomic probe and Alu probe (BLUR-8) 
are a l l  inserted in plasmic pBR322. Plasmid DNAs were extracted according to 
Humphreys et al .  (13) and pur i f ied  by CsCl density gradient cent r i fugat ion.  
The extrachromosomal DNA with a modal size of 5 kb was pur i f ied  by electroe- 
lut ion according to Gi rv i tz  et al .  (14). Although the actin probe we used is 
not of human or ig in ,  previous workers have shown that actin coding sequences 
are highly conserved in warmblooded vertebrates and cross-hybridize to DNA 
from other species (6) 

Blot hybr id izat ion.  Genomic DNAs (5 ug) and Hir t  extracted DNAs (2 ug) were 
respect ively digested with Eco RI and Bam HI res t r i c t i on  enzymes for  I hr at 
37 C and migrated on 0.7% horizontal agarose gels in running buffer (89 mM 
t r i s -bora te ,  89 mM boric acid, 2 mM EDTA). Transfer of DNA to n i t roce l lu lose  
f ~ t e r s  was performed according to Southern (15)m Prehybridizat ion (I hr) with 
(~P)n ick - t rans la ted  plasmid probes (5xi0" to 10 u cpm/ug) were 
performed at 42°C in 50% formamid, 5x buf fer  ( Ix:  0.15 M NaCl, 15 mM sodium 
c i t r a t e ) ,  5x or Ix Denhart ( Ix :  0.02% bovine serum albumin, 0.02% F ico l l ,  
0.02% polyvinyl pyrrol idone) for prehybr id izat ion and hybr id izat ion respect i -  
vely, 0.1% SDS, 100ug/ml denaturated salmon sperm DNA, and 50 mM sodium phos- 
phate pH 6.8 buffer solut ion.  Dextran sul fate (10%) was added in the hybr id i -  
zation mix. Af ter  hybr id izat ion,  f i l t e r s  were washed twice during 15 min with 
2x washing buf fer  (0.15 m NaCl, 10 mM sodium phosphate bu f f fe r  pH 8.5, I mM 
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EDTA)6 0.1% SDS at room temperature, twice with O.Ix washing buf fer ,  0.1% SDS 
at 50 C for  30 min each and ~reated with 100 ug/ml proteinase K in O.Ix was- 
hing buffer for  30 min at 37 C. F i l t e rs  were exposed to Fuji X-ray f i lm for  24 
hr at -80 C, using in tens i fy ing screens. F i l t e rs  were dehybridized by soaking 
them in O.01x buffer ( Ix:  0.15 M NaCl, 15 mM sodium c i t ra te )  during 2 hr at 
80vC. Then the dry f i l t e r s  were exposed to X-ray f i lm for  several days to 
check that al l  the speci f ic  hybr id izat ion had disappeared. The f i l t e r s  were 
then rehybridized to another probe. 

For evaluation of the size of extrachromosomal c i rcu la r  DNA, plasmids with 
known sizes were migrated on agar~e gels, transfered to n i t roce l lu lose  f i l -  
ters and hybridized to the same ( P)label led plasmids. 

Electron microscopy. Spreads were performed according to a modified 
Kleinschmidt technique (16). 

RESULTS 

The hybr id izat ion pattern of the (32p)labelled alpha-globin, beta-act in 

and beta- inter feron probes with the genomic DNA of human embryonic lung f i b -  

roblasts as a funct ion of population doubling level is shown in f i g .  I .  We 

chose to hydrolyse the human genomic DNA with the Eco RI res t r i c t i on  endonuc- 

lease since th is  enzyme does not cut the coding sequences of the alpha-globin 

genes (17). The in tens i ty  of the band at 22.5 kb, corresponding to the two 

alpha-globin genes (18,19) ( f ig .  I ) ,  decreased at high population doubling 

leve l .  Ident ical  f indings were obtained 27 times with th is  human embryonic 

l ine and with 10 d i f fe ren t  human f ib rob las t  l ines.  The Alu highly repeated 

A B C 
1 2 3 1 2 3 t 2 

D 

(32p)labelled ~ o  Hybridization of alpha-globin (A) and beta-actin 
bes with Eco R1-digested DNA isolated from human embryonic fibroblasts 

at doubling 33 (I) ,  doubling 45 (2) and doubling 56 (3). The f i l te rs  used in 
these experiments were dehybridized and hybridized again with the beta-inter- 
feron probe (C). The numbers to the right and lef t  of the blots indicate 
length in kilobases (kb) calculated from Hind I l l  digests of lambda-DNA. (D) 
Ethidium bromide fluorescence of DNA in the gel used for the blot i l lustrated 
in (B). 
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sequence probe BLUR-8 (20) hybridized as a smear with the Eco RI digested 

genomic DNA. Control hybr id izat ion with the plasmid pBR322 (vector of the 

beta-act in,  beta- interferon and Alu DNA) showed no homology with the DNA of 

human embryonic f ib rob las ts .  Eco RI r es t r i c t i on  enzyme digests of f i b rob las t '  

DNA were also hybridized to a cloned actin cDNA probe from mouse beta-actin 

( f i g .  IB and ID). The autoradiogram showed mul t ip le bands whose in tens i t y  

diminished with the DNAs extracted from ce l ls  at the 56th doubling as compared 

to the 33rd, except for  a band at 4.0 kb whose in tens i t y  remained constant 

even at the 56th doubling. The ethidium bromide fluorescence of DNA in the gel 

has the same in tens i t y  on the three lanes ( f i g .  ID) showing that the decline 

in the hybr id izat ion signal is not due to var iat ions in the amount of DNA loa- 

ded on the gel. F i l t e r s  used with these probes were dehybridized as described 

under Methods and rehybridized with the interferon probe. By contrast the 

human beta- inter feron DNA of 1.8 kb hybridized with ident ica l  i n tens i t y  to the 

DNA of fe ta l  f ib rob las ts  at population doublings 33, 45 and 56 ( f i g .  IC). The 

reverse experiment was also done, i . e . ,  f i l t e r s  formerly hybridized with the 

beta- interferon probe were dehybridized and hybrized again with the beta-glo- 

bin probe. A decreased in tens i t y  of the hybr id izat ion signal with the l a t t e r  

probe could be seen at high passage leve l .  

Undigested DNA from ce l ls  at a l l  passages tested migrated to the same 

extent in the agarose gel, indicat ing that none of the DNA preparations was 

degraded pr ior  to the blot analysis. 

We examined the DNA from the human' embryonic f ib rob las ts  found in the 

supernatant f ract ion obtained af ter  extract ion according to Hir t  (12). In th is 

study ce l ls  were maintained without any use of an t ib io t i cs  which may lead to 

ampl i f icat ion of c i rcu la r  extrachromosomal DNA (21). The supernatants obtained 

from ce l ls  at doubling 16 and 59 were centrifuged to equi l ibr ium in CsCl gra- 

dients containing ethidium bromide and were col lected in four d i f fe ren t  f rac-  

t ions (I to 4 from the bottom to the top). DNA from these f ract ions,  undiges- 

ted or cleaved with Bam HI res t r i c t i on  enzyme, was hybridized to the alpha- 

globin and beta-act in probes ( f i g .  2). In order to i den t i f y  mitochondrial DNA 
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Fig. 2. Ident i f i ca t ion of alpha-globin and beta-actin probes in extrachromo- 
sequences. 

and B: UV fluorogram of DNA banded in CsCl isopycnic gradient. 
#' and B': DNA blot hybridizat ion with alpha-globin and beta-actin (32p)_ 
labelled probes to fract ions from the CsCl gradient. Undigested DNA 
(I -4 ) and Bam HI digested DNA (I-4) from cel ls at the 16th and 59th 
doubling. I :  covalently closed c i rcu lar  DNA; I I :  nicked c i rcu lar  DNA; 
I l l :  l inear DNA. 

from other c i r c u l a r  DNA, we chose to hydrolyse the extrachromosomal DNA wi th  

Bam HI enzyme which cleaves mi tochrondr ia l  DNA in a s ing le  17 kb fragment 

which is not the case wi th  the Eco RI r e s t r i c t i o n  enzyme (22). For DNA i s o l a -  

ted from c e l l s  at the 16th doubl ing,  the a lpha-g lob in  and be ta -ac t in  probes 

hybr id ized as a very f a i n t  band at 5 kb ( f r a c t i o n  2) ( f i g .  2A' and B ' ) .  In old 

c e l l s  (doubl ing 59) the autoradiogram of the undigested DNA sample from f r ac -  
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t ion 20 (density 1.62) showed several bands of hybr id izat ion with the alp- 

ha-globin and beta-act in probes ( f ig .  2A' and B' ) .  The fastest  running band 

(1) corresponds to covalent ly closed c i rcu la r  extrachromosomal DNA, the second 

band ( I I )  contains nicked c i rcu la r  molecules and the other bands, dimers and 

multimers of the form I .  The Bam HI digested material ran as 5 and 14 kb 

(doubling 59, f rac t ion 2) ( f i g .  2A' and 2B').  The in ter feron probe had no 

homology with the DNA extracted according to Hi r t .  In both young (doubling 16) 

and old (doubling 59) DNA was v is ib le  by UV fluorescence af ter  ethidium bromi- 

de staining in f rac t ion 3 (density 1.59) ( f i g .  2A and B). I t  probably corres- 

ponded to mitochondrial DNA since i t  could be cleaved by Bam HI in a single 

fragment of 17 kb (22). This DNA did not hybridize to the globin and actin 

cDNA probes ( f ig .  2). The Alu human highly repeated sequence probe BLUR-8, 

hybridized to the c i rcu la r  DNA present in f ract ions 20 , 2, 30 and 3 

( f ig .  3). Ident ical  resul ts were obtained with young ce l ls  at the 16th doub- 

l ing and old ce l ls  at the 54th and 60th doublings from another ser ia l  cu l ture.  

Control hybr id izat ion with the plasmids pMB9 (vector of alpha-globin) and 

pBR322 (vector of the beta-act in,  beta- inter feron and Alu DNA) showed no homo- 

logy with the ce l lu la r  DNA extracted according to Hi r t .  

To see i f  c i rcu la r  DNA molecules could hybridize to speci f ic  bands on a 

genomic DNA blot ,  the extrachromosomal DNA from cel ls  at the 59th doubling 

PDL PDL 
16 I 59 

II1~ 
IIIP," 

B L U R - 8  

Identif ication of BLUR-8 probe in extrachromosomal sequences. ~ee 
legend to f ig.  2. 
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A B C 

Q ® 
Fig. 4. Hybridization of (32p)labelled extrachromosomal DNA probe with 
Eco R1-digested chromosomal DNA isolated from human embryonic f ibroblasts (UV 
fluorogram shown on the r ight ) .  PDL: population doubling level.  Numbers to the 
le f t  of the figure indicate length in kilobases (kb) calculated from Hind i11 
digests of lambda-DNA. 
Fig. 5. Electron micrograph of c ircular DNA from human embryonic f ibrob!asts 
at doubling 59. DNA preparations of 4.91+1.1 kb (A), 1.5+0,4 kb (B) and 
17.2+2.4 kb (C) were obtained according {o Hirt  (12). Length measurements 
were-made re lat ive to the plasmid pBR322 (4361 bp). Magnification x51000. 

( f r ac t i on  2) was pu r i f i ed  by migrat ion on a 0.7% agarose gel and e lec t roe lu -  

t i on .  This y ie lded a pure populat ion of c i r c u l a r  molecules with a medal size 

of 5 kb, f ree of 17 kb mitochondrial  molecules. This small size DNA, used as a 

probe was hybr id ized to Eco RI digested genomic DNA from human embryonic f i b -  

roblasts  ( f i g .  4). Three main bands could be detected on the autoradiogram at 

22, 9 and 8.5 kb. Iden t ica l  resu l t s  were obtained using genomic DNA from ear- 

l i e r  passage cu l tu res .  

DNAs from f rac t i ons  2 and 3 were prepared fo r  electron microscopy according 

to Davis et a l .  (16). Covalent ly  closed c i r c u l a r  molecules could be seen in 

undigested DNA of f r ac t i on  2 from ce l l s  at doubling 59 with sizes around 5 kb 

( f i g s ,  5A and 6C) and between 8 and 14 kb ( f i g .  6C). In the t h i r d  f r ac t i on  of 

the CsCI gradient ,  we found molecules of 17 kb in DNA preparat ions from ce l l s  

at doubling 16 as wel l  as doubling 59 ( f i g s .  5C, 6B and 6D). Most of the 

mitochondrial  DNA molecules seemed to be nicked in to form I I  probably due to 

the formamid present in the spreading buf fer  (50%). Few add i t iona l  c i r c u l a r  

molecules ranging between 0.8 and 2.7 kb could be seen at the same densi ty  
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Fig. 6, Computer pr in t  out of the size d is t r ibu t ion  of extrachromosomal c i r -  
~ N A  present in young and old ce l ls .  
A: c i rcu lar  DNA from cel ls  at doubling 16 (density 1.62) present in f ract ion 2 
of the CsCl gradient. 
B: c i rcu lar  DNA from cel ls at doubling 16 (density 1.59) present in f ract ion 3. 
C: c i rcu lar  DNA from cel ls  at doubling 59 (density 1.62). 
D. c i rcu lar  DNA from cel ls  at doubling 59 (density 1,59). 
Data from the same experiment i l l us t ra ted  in f ig .  5. 

(1.59) in preparat ion from c e l l s  at doubl ing 59 ( f i g s .  5B and 6D). Small 

l i n e a r  fragments of DNA, heterogeneous in s ize were also abundant in the f r ac -  

t ions  examined (data not shown). 

In order to conf i rm these r e s u l t s ,  undigested DNA (50 ug) from c e l l s  at the 

22nd and 66th doubl ings were l a i d  on to a 10-40% sucrose grad ient  buf fered 

wi th  0.2 M NaCl, 20 mM Tr i s  pH 8.0 and I mM EDTA, and cen t r i fuged  at 30,000 

rpm fo r  16 hr .  T h i r t y  f r a c t i o n s  of 0.36 ml each were co l l ec ted  and 70 ul of 

each f r a c t i o n  were electrophoresed in a 0.5% agarose gel ,  t rans fe r red  to a 

n i t r o c e l l u l o s e  f i l t e r  and hybr id ized  wi th  the a lpha-g lob in  probe as described 

above. Hybr id i za t ion  of the a lpha-g lob in  probe occurred wi th  f r a c t i o n s  from 

the lower 2/3 of  the grad ient  obtained wi th  DNA from c e l l s  of both passages, 

al though t h i s  h y b r i d i z a t i o n  was weaker wi th  DNA from old c e l l s .  Hybr id i za t ion  

of the probe wi th  the f r a c t i o n s  from the upper I / 3  of the grad ien t ,  i . e .  small 

molecular weight DNA, occurred on ly  w i th  DNA from c e l l s  at doubl ing 66. 
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DISCUSSION 

Human f ib rob las ts  af ter  ser ia l  d iv is ions in v i t r o  stop p ro l i f e ra t i ng  and go 

through profound morphologic and metabolic changes (23). The resul ts described 

above suggest that these changes are accompanied by modif ications in the 

structure of some genes. Indeed the hybr id izat ion signal obtained with the 

blobin and actin probes on Eco RI digested chromosomal DNA was less pronounced 

in late passage ce l l s .  With the actin probe, one band at 4.0 kb had the same 

in tens i ty  in ear ly  and late passage ce l l s .  This shows that the decreased hy- 

br id izat ion was not due to var iat ions in DNA load or h y b r i d i z a b i l i t y .  The hy- 

br id izat ion signal with the beta- interferon gene probe, hybridized with the 

same in tens i ty  on genomic blots of DNA from young and old ce l l s .  

The decrease in the hybr id izat ion signal could be due to loss of sequences. 

There is evidence that small molecular weight DNA accumulates during the last  

stage of these cel l  populations l i f e  span (2) and that most of th is  DNA is 

present in a c i rcu la r  form (24, 25). We have found that cDNA from alpha-globin 

and beta-actin hybridized with 5 and 14 kb c i rcu la r  extrachromosomal DNA from 

old ce l l s ,  but did not hybridize with a population of larger c i rc les  (17.1 kb) 

which corresponds probably to mitochondrial DNA and is present in both ear ly  

and late passage ce l l s .  The interferon probe did not hybridize with the circu- 

lar  extrachromosomal DNA. The small c i rcu la r  molecules were pur i f ied (mitoc- 

hondrial-DNA-free) and back hybridized with genomic DNA forming bands at 22, 9 

and 8.5 kb ( f i g .  4). This also suggests that sequences corresponding to the 

alpha-globin and beta-actin genes are present in the small c i rcu la r  DNA popu- 

lat ions and that the l a t t e r  are heterogeneous. Hence the decrease in the hyb- 

r id i za t ion  signals could be due to loss into an extrachromosomal form. Control 

hybr idizat ions with the vectors alone did not reveal any bands. The fact that 

the small c i rcu la r  DNA hybridized with an Alu repeat also shows that other 

chromosomal DNA sequences are present in the c i rcu la r  DNA. Hence i t  is possib- 

le that some of the hybr id izat ion between the probes and the extrachromosomal 

DNA is due to a repe t i t i ve  sequence common to a l l  probes. In th is  respect i t  

is pert inent to remind that the alpha-globin gene is included in a 4 kb-long 
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DNA unit  terminated by two Alu fami ly  repeats (26) and that some actin genes 

are also surrounded by repeated sequences included in a 5 kb-long DNA unit 

(27). This could explain the s i m i l a r i t y  of hybr id izat ion patterns for  the pro- 

bes shown in f i gs .  2 and 3. Since the back hybr id izat ion of the 5 kb pur i f ied 

c i rc les with the genomic DNA did not reveal a l l  the bands corresponding to the 

beta-actin gene, we assume that some of those genes might be carried on the 14 

kb c i rcu lar  DNA which hybridized to the actin probe ( f i g .  2). We did not 

attempt to pur i fy  those c i rc les  to use them as probe on genomic DNA because of 

the heavy contamination by the mitochondrial DNA. 

The presence of highly repeated sequences near the two alpha-globin genes 

(18, 26) as well as in the v i c i n i t y  of the actin genes (27) and in c i rcu la r  

molecules (28) detected in aging cel ls  ( f i g .  3) suggests a mechanism by which 

these c i rc les  could be recovered in an extrachromosomal form. This repeated 

sequence may work as a transposable element. This phenomenon could be s imi lar  

to that reported by Flavel l  and Ish-Horowicz (29) who found extrachromosomal 

c i rcu lar  copies of the transposable element, copia, in Drosophila ce l l s .  

However, we do not have any evidence that the c i rcu la r  DNAs found in human 

f ib rob las ts  have the r e t r o v i r a l - l i k e  structure of the copia element. The 

fact that there is no a l te ra t ion  in one of the bands corresponding to the 

actin gene and in the interferon gene suggests that some parts of the genome 

are better conserved than others. I t  is not known i f  the interferon gene is 

surrounded by po ten t i a l l y  mobile sequences. Cytogenetic studies have shown 

that predominant f r ag i l e  s i tes ex is t  in the human genome (30, 31) and i t  is 

possible that the interferon gene is not within these s i tes.  In th is  respect 

i t  is pert inent to remind that the beta- interferon gene product remains unc- 

hanged up to the end of the l i f e  span of cultured human f ib rob las ts  (7). 

Reorganization of the globin genes is probably without impl icat ion for the- 

se ce l ls  physiology since they are not expressed in f ib rob las ts  (8). Al tera-  

t ions of the actin cytoskeletal  proteins, however, have been reported (3, 4, 

32). Changes in the cel l  cont rac t i le  a c t i v i t y ,  which resul t  from the disorga- 

nization of actin f i laments have been described in the terminal phase of the 
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f ibroblast  l i f e  span and may be related with a decreased probabi l i ty  of i n i -  

t i a t ing  DNA synthesis (33). These untoward functional changes may be related 

with the gene reorganization reported herein. 
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