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Stability of the human dystrophin transcript in muscle
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ABSTRACT

The human dystrophin gene has 79 exons spanning
>2300 kb making it the largest known gene. In previous
studies we showed that [116 h are required to transcribe
the gene in myogenic cultures [Tennyson,C.N., Kla-
mut,H.J. and Worton,R.G. (1995) Nature Genet. 9,
184-190]. To estimate the half-life of the dystrophin
MRNA, the decay of the transcript was monitored by
guantitative RT—PCR in cultured human fetal myo-
tubes following exposure to actinomycin D. Results
from this analysis indicated that the half-life of the
dystrophin mRNA is 15.6 + 2.8 h in these cultures.
Transcript accumulation profiles were predicted using

a mathematical model which incorporated the
measured half-life. The modeled accumulation profiles
were consistent with observed profiles supporting the
half-life measured using actinomycin D. The kinetic
model was then used to predict the relative amount of
nascent and mature dystrophin transcript at steady
state. Measurements by quantitative RT—PCR indi-
cated that in adult skeletal muscle tissue the con-
centration of mature dystrophin mRNA is 5-10
molecules per nucleus, demonstrating, as expected,
that it is a low abundance transcript. Furthermore the
ratio of nascent to mature dystrophin transcript
indicated that dystrophin synthesis may not be at
steady state in the adult skeletal muscle we tested.
Alternatively, the kinetics of transcript production in
skeletal muscle tissue may be different from those
observed in cultured fetal myogenic cells.

INTRODUCTION

The human dystrophin gene is uniquely characterized by i
immense size with 79 exons spanning a physical distance o

3'-end (). The accumulation profile of a transcript is dictated by
the rate of synthesis and the rate of decay of the transcript. The
rate of decay of different mMRNAs varies considerably as
exemplified by the half-lives of the granulocyte—monocyte
colony stimulating factor (GM-CSF) and tBeglobin mRNAs
which are 30 min and >17 h, respectivély). Although much

work has been carried out to determine sequence elements that
influence the stability of a specific mMRNA and success has come
with the identification of destabilizing element, (it is not
possible to predict the stability of an mRNA from its sequei)ce (

To better understand the events dictating dystrophin transcript
accumulation the half-life of the mRNA was measured in cultured
myogenic cells. The cells were treated with actinomycin D, an
inhibitor of transcription, and the subsequent decay of the
transcript was monitored by quantitative RT—-PCR. This approach
indicated that the half-life is 1562.8 h. Using the measured
half-life the profile of early transcript accumulation was modeled
for the dystrophin gene and then compared to the accumulation
curve observed in our previous study. (The observed and
predicted accumulation profiles were similar, supporting the
half-life measured using actinomycin D.

The amount of dystrophin mRNA in human muscle tissue was
then measured by quantitative RT-PCR and shown, as expected,
to be very low. It was possible to predict the half-life of the mRNA
from the ratio of total (nascent plus mature) to mature dystrophin
MRNA at steady state. We measured this ratio in adult skeletal
muscle tissue and obtained a value nearly twice that predicted.
Therefore in the adult skeletal muscle tissue we studied either
dystrophin synthesis was not at steady state or the kinetics of
transcript production in the adult tissue differs from the kinetics
observed in fetal myogenic cultures.

MATERIALS AND METHODS

man myogenic cell culture and muscle tissue

>2300 kb £-4). In our previous report, the time required forClonal populations of myogenic cells prepared from muscle of a
transcription of the gene was determined by monitoring transcrip® week human fetus were used for experiments designed to
accumulation at the'band 3-ends following induction of measure the half-life of the dystrophin transcript. The procedures
expression in myogenic cultured.(These studies showed thatto prepare clonal human myoblast cultures have been described
RNA polymerase takesl2 h to traverse from exon 3 to exon 69,(9). A myogenic clone was expanded at low density in cloning
and this predicted a transcription time of 16 h for the entire germaedium [F12 medium (Gibco-BRL) containing 20% fetal bovine
Analysis of dystrophin transcript accumulation showed differserum and one Bullet Kit (Clonetics) which includes 0.5 ml

ences in the profiles of transcript accumulation for theuad

human epidermal growth factor (3@/ml), 5.0 ml insulin

3'-ends of the gene, with a lower rate of accumulation at tH&@00 mg/ml), 0.5 ml GA-1000 (gentamycin at 50 mg/ml and
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amphotericin at 5Qug/ml), 5.0 ml Fetuin (50 mg/ml), 0.5 ml  1-2-46
dexamethasone (0.39 mg/ml) and 5.0 ml bovine serum albumin 7
(50 mg/ml)]. The cells were then plated at high density in cloning i
medium, allowed to recover for 24 h, and then transferred to lelslalslelzlefofwoluf—r
fusion medium di-minimal essential medium (Gibco-BRL) Stul
containing 16 mM glucose, 2% fetal bovine serum, and 100 U/ml
penicillin and 0.1 mg/ml streptomycin] to induce differentiation
into multinucleated myotubes.

Fresh adult human muscle tissue was obtained from a deceas@d 4-46 4w
individual that was undergoing retrieval of organs for donation. Bgil
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Preparation of total RNA N

Total RNA was isolated from myogenic cultures as described (
Total RNA was isolated from human muscle tissue using the
procedure described for myogenic cultures or the protocol of,

Chomczynski and Sacchi@. The RNA concentration was 59'70;: 18 118bp

determined from OD (260 nm). V Glal
—[;5460|61|62 |ss|a4|aa|aa|a7|sa|59|7o§J—
T

Construction of control templates forin vitro transcription

The construction of templates 1-2-46 from cDNA1-2 and 9-14-46

Trom C_DNA9'14 has been _descrlbe(_ﬂ) @nd a SChema_t'C Figure 1. Schematic diagram of control templates 1-2-46, 9-14-46 and
illustration of each construct is shown in Figlirdhe plasmid  59.70-118 used fan vitro transcription. Portions of the dystrophin cDNA have
1-2-46 contains dystrophin exons 1-11 and a 46 bp insertion iseen positioned downstream of a T7 promoter. The dystrophin exons are
exon 3. The plasmid 9-14-46 contains dystrophin exons 68—78presented as boxes and the exon number is shown inside the box. A small
and a 46 bp insertion in exon 69. The plasmid 59-70-118 showffiFe"tion of 46 or 118 bp has been added within the dystrophin sequences so the
. . . . ontrol RNA produced bin vitro transcription will differ slightly in size from

n Flgqrel contains dYSWOPh'” cDNA sequences 9080-10 39 e endogenous dystrophin transcript. The location of the insert and down-
which includes a portion of exon 59, all of exons 60—69, and atream restriction sites used to linearize the plasmid piioviteo transcription
portion of exon 70. It was constructed from the plasmid Dp71-118re indicated for each construct.

which is a Bluescript vector (Stratagene) containing dystrophin

exons 6370 following the Dp71 first exon and a 118 bp insertion

in exon 65. To make 59-70-118, the plasmid Dp71-118 waganscription and PCR have been descrided. (The RT-PCR
digested withSad to remove Dp71 exon 1 and downstreamproducts were separated by non-denaturing polyacrylamide gel
dystrophin cDNA sequences to position 9480 in exon 63. Theectrophoresis. The gels were dried and autoradiograms obtained.
remaining linear plasmid which contained dystrophin sequenc@sPhosphorimager or a scanning laser densitometer and Imagequan
9480-10 398 was treated withh DNA polymerase to create software (Molecular Dynamics) were used to quantitate the amount
blunt ends for later cloning. A 0.4 kBanmHI-Sad insert of control and endogenous RT—PCR products.

containing dystrophin cDNA sequences 9080-9480 was isolated

from the plasmid p9-14 (ATCC 57677) and treated WibNA  RESULTS

polymerase to create blunt ends. The 0.4 kb DNA fragment was

then ligated into the above plasmid and a clone containing theasurement of dystrophin mRNA half-life using

insert in the correct orientation'{&d of cDNA near T7 actinomycin D

promoter) was identified and used for cRNA productiorinby . . . .
vitro transcription. The internal 4 bp of tBad site were removed A classic approach for measuring the half-life of a transcript is to
by the treatment with T4 DNA polymerase. treat cells with actinomycin D, an inhibitor of transcription, and

to monitor the subsequent decay of the transcript. The half-life of
the dystrophin mRNA was measured in cultured myogenic cells
in which dystrophin synthesis is developmentally regulated
Plasmids were isolated from bacteria by alkaline lysis anghowing an increase during differentiatiar8)( Human fetal
purified using equilibrium centrifugation in Csaly. Purified ~mononucleated myoblasts were plated in growth medium and 24
plasmid was linearized and control RNA (cRNA) was generatddilater transferred to fusion medium to induce expression of the
by in vitro transcription from a T7 promoter using the T7dystrophin gene with differentiation into multinucleated myo-
MEGAscript kit (Ambion) as describetl)( The concentration of tubes. The cultures were left in fusion mediuni#® h and then

EcoRY

Preparation of cRNA from control template

cRNA was determined from OD (260 nm). exposed to 5ug/ml actinomycin D. Control experiments
established that this concentration of drug effectively inhibited
Quantitative RT-PCR >98% of transcription and had no visible effect on cell appearance

over the time of the experiment. Total RNA was isolated from the
As a first step cDNA was made by reverse transcription of sampleg/ogenic cultures at different times following the addition of
containing a known amount of cRNA and total muscle cell RNAactinomycin D. Since dystrophin mRNA is relatively low in
This was followed by PCR of a dilution series of these samples usiagundance, quantitative RT-PCR was used to monitor the decay
a radiolabeled primer. The detailed conditions used for reverséthe transcript following exposure to the drug (B)g.
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Figure 2. Monitoring the decay of dystrophin mRNA by quantitative RT-PCR.
Total RNA was isolated from differentiated muscle cultures 0, 1, 2, 4, 7, 11 and
23 h following addition of actinomycin D. For each sampleud.fotal RNA
was combined with 8 1P molecules of cRNA synthesized from the control
plasmid 59-70-118. The RNA was reverse transcribed using the reverse primer
70R (GGGATGCTTCGCAAAATACC) and a serial dilution of the cDNA was
amplified for 25 cycles using primer 70R and the forward primer 62F
(ATCTCGCCAAACAAAGTGCC). A total of 1x 10° c.p.m. of end-labeled 0
primer was included in each amplification reaction. The amplification products o 5 0 18 20 25
were separated on a 5% non-denaturing polyacrylamide gel and an autoradio-
graph of the gel is shown. The larger amplification product is generated from
the contr_ol RNA (c) and the smaller product is generated from the endogenou%igure 3.(A) For each sample quantitated by RT-PCR the amount of cRNA
dystrophin RNA (€). (molecules) and total muscle RNA (ng) were plotted against the amount of
amplification product for the contrdl{) and endogenou§)) RNA in units as
measured by the phosphorimager. The linear increase shows the reaction is in
the exponential range of amplification. The dashed line indi¢&@80
molecules of dystrophin transcript per 10 ng of total RNA in this sample

Dystrophin RNA levels were quantitated by combining aprepared from a culture of fused myogenic cells that have been exposed to
known amount o total myogenic cell RNAwith a known amauntetomen 021 o 26 ST deey ol e oo I,
of a control RNA (CRNA) which served as an m.tema.l standar nalyzed in duplicate. The average pe?cegnt maximum is plotted agains{)the time
and co-amplifying by RT-PCR. The cRNA was identical to thej actinomycin D. The best fit line was determined by regression analysis. The
endogenous dystrophin mRNA with the exception of a smalérror bars represent the standard deviation.
insertion which allowed separation of the control and endogenous
RT—PCR products by polyacrylamide gel electrophoresis. This
cRNA was prepareid vitro by transcription from a T7 promoter
in plasmid 59-70-118 which contains exons 59-70 of ththe decay of dystrophin mRNA (Fig). In Figure2 the larger
dystrophin gene and has a 118 bp insertion in exon 651§Fig. product reflects the amount of control RNA (c) added to the
Cellular RNA and control RNA were reverse transcribed usingample (200 molecules cRNA/ng total cellular RNA) while the
the primer 70R located in exon 70 and subsequently amplifieinaller product reflects the amount of endogenous dystrophin
using the same reverse primer and the forward primer 62F locaRNA (e) in the sample. The amount of endogenous dystrophin
in exon 62. Primers in these exons were chosen as they deteatscript decreases with time in actinomycin D as reflected in the
MRNA encoding full length dystrophin but not the mRNAdecreasing intensity of the endogenous product with respect to the
encoding the small dystrophin isoform Dp71 which is transcribecbntrol. The amount of RT-PCR product was quantitated using
from a promoter in intron 62L{). This isoform is expressed at the phosphorimager and this information was used to calculate
low but constant levels in differentiating myogenic cultureshe molecules of dystrophin RNA per ng of total cellular RNA for
(Tennyson,C. and Worton,R. in preparation) but not in aduétach sample (Fi@A). Three myogenic clones were analyzed in
muscle tissuel@). Primers close to the-8nd of the gene were duplicate and the average is plotted against the time in actino-
chosen to ensure that a majority of the transcripts detected by thgcin D (Fig.3B). Based on these measurements the average
assay will be mature. half-life of the dystrophin transcript is 15:62.8 h (where the

RNA samples isolated 0, 1, 2, 4, 7, 11 and 23 h followingalculated error is the standard deviation of three independent
addition of actinomycin D were analyzed by RT-PCR to monitameasurements).

% maximum

time (hours)



3062 Nucleic Acids Research, 1996, Vol. 24, No. 15

Amount of dystrophin transcript in skeletal muscle tissue A ng = faial mescin ARA
TR2wd

The RT-PCR assay we developed for quantitation of the dystrophin

transcript can be used to measure the absolute amount of transcript 5 (anion 3) - —C

in skeletal muscle tissue. Previous studies by others have only B

determined relative transcript level$,(16). Measurements made at

the 3-end of the transcript will determine the approximate amount

of mature dystrophin mRNA while measurements made at the ¥ (exon BE) -]

5'-end of the RNA will determine the amount of total dystrophin _—— i

transcript (nascent plus mature). The ratio of total to mature
transcript in a cell is determined by the time required for
transcription, the half-life of the mRNA, and whether the system is
at steady state (see Appendix for detailed explanation). Using the
time required for transcription, which we measured in our previous e SRNA {molecules)
study (), and a half-life of 15.6 2.8 h in equation 1 (see Appendix) ro0es 21 , 2x10? 2x107
the ratio was predicted to be 1.5 (with a range of 1.4 to 1.6 using the i
standard deviation) at steady state. To gain some insight into the
kinetics of dystrophin transcript production in skeletal muscle tissue
we measured the abundance of both dystrophin mRNA and total
(nascent plus mature) transcript in skeletal muscle tissue by
guantitative RT-PCR.

To make these measurements, total RNA was isolated from
four different tissue fragments obtained from the quadriceps
muscle of an adult human. Dystrophin transcript levels were 100
guantitated by RT-PCR using a primer pair near'tead of the 1
transcript in exon 3 (3F and 3R) which amplified both nascent and ag RNA
mature transcript and a second pair near then@® of the
transcript in exon 69 (69F and 69R) which amplified primarily 6RNA (molecules)
mature transcript (FigtA). Using a primer pair within one exon ¢ Ixtg
allows detection of all transcripts containing that exon regardless 10000
of whether splicing has occurred. It was demonstrated previously
that splicing takes place cotranscriptionally, (therefore a
similar result would be predicted when using primers in adjacent 10004
exons detecting only spliced message.

As before, transcript levels were determined by combining a
known amount of a control RNA with a known amount of total 100}
muscle RNA and co-amplifying by RT-PCR. The control product
derived byin vitro transcription from plasmids 1-2-46 (exon 3)
and 9-14-46 (exon 69) provided a standard against which the

1000

Units

2¢igt 2x108
i

Units

. 10 ¥
amount of endogenous dystrophin product was compared. The 1 10 100
amount of endogenous RNA measured when using a primer pair ng RNA

in exon 3 is greater than the amount measured when using a
primer pair in exon 69 (FigdA). The ratio of control to
endogenous products was quantitated using a scanning Ia%er

: . . ol igure 4. Determination of the amount of dystrophin transcript in adult human
densitometer and graphlcal anaIySIS allowed quantitation 0Jkeletal muscle tissuéd) Total RNA was isolated from adult human skeletal

dystrophin transcript |eV(_':‘|S (FigB and C). Tablé summarizes  muscle and 500 ng combined with 1.0F molecules of each of two cRNAS
the results of the analysis for exon 3 and 69 for each of the fouynthesized from the plasmids 1-2-46 and 9-14-46. cDNA was made by reverse
muscle fragments. There is some variation in the absolute amouf@nscription using primers 3R in exon 3 (CAGTTTTTGCCCTGTCAGGC)

: : nd 69R (GGAGTGCAATATTCCACCAT) in exon 69. Serial dilutions of the
of dystrophin transcript per ng of total muscle RNA for eachzciDNA were amplified for 23 cycles using a primer pair near 'tead of the

muscle fragment and this is likely because muscle tissue contaifigqscript in exon 3 (3F; TTGCGAAGCAGCAACATATTGAG and 3R) and a
not only muscle fibers but also connective tissue and fat. Opvimer pair near the-&nd of the transcript in exon 69 (69F; TACAGGAGTC-
average there is 781 molecules of dystrophin mRNA per ng OFAAAGCACTT and 69R). Included in each reaction was 10° c.p.m. of
total muscle RNA. The average measured ratio of exon 3-contaifd-labeled primer. The control (c) and endogenous (e) dystrophin amplifica-

: - .. _tlon products were separated on a 12% non-denaturing polyacrylamide gel and
Ing transcripts (nascent plus matu re) to exon 69'C0ntamm§n autoradiograph of the gel is shown. This shows the result obtained for sample

trar)scripts (primarily mature) is 2t90.9. The ratio is SomeWh?t _2in Table 1.B) The amount of cRNA and total muscle RNA were plotted
variable although three of the four measured values are similagainst the amount of amplification product (units) for the corifipland
(2.1, 2.4 and 2.8) and perhaps a better estimate4s0244 This endogenous() RNAs. In this example, the dashed line indicates approximate-

ratio is somewhat greater than the value of 1.5 (with a calculatey315 molecules of dystrophin transcript per ng of total muscle RNA when
measuring near the'-Bnd of the transcript (exon 3)C) Similar analysis

range of 1.4 t0 1.6 usiljg the Stan.dard deviation) prgdiqted by th&iicates 529 molecules of dystrophin transcript per ng of total muscle RNA
steady state model using a half-life of 155.8 h and indicates when measuring near theehd of the transcript (exon 69). This shows the
an excess of nascent transcripts relative to mature. result obtained for sample 2 in Table 1.
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Table 1. Amount of dystrophin transcript in skeletal muscle tissue transcript accumulation curve we observed in our previous
studies {) with the accumulation profile predicted using a kinetic
Sample Nascent + mature Mature model that incorporates the measured half-life. In our previous
5 (exon 3) 3 (exon 69) exon 3/exon 69  report we monitored transcript accumulation at therisl 3-ends
molecules/ng moleculesing  ratio of the dystrophin gene following induction of expression in
1 4866 1170 4.2 myogenic cultures. We observed an increase in transcript first
5 1315 629 01 near the 5end of the gene (exon 3) ar)d thér? h later near the
: 3'-end of the gene (exon 69) (F&). This delay is explained by
3 1319 546 24 the time required for polymerase to traverse the 1770 kb between
4 2141 778 28 exons 3 and 64]. The shape of a transcript accumulation profile

is determined by the rate of transcript synthé&sjsa(nd the decay
or half-life {1/2) of the mMRNA. Using the kinetic model described
in the legend to Figurgthe transcript accumulation profile was
predicted using half-lives of 15.6 and 3.4 h and these curves were
DISCUSSION then compared with the observed accumulation profile Big.

- . The modeled curve obtained using a half-life of 15.6 h is most
Stability of dystrophin mRNA consistent with the observed profile suggesting that the measured

As cultured myoblasts differentiate to form multinucleated myol@!i-life obtained using cultures treated with actinomycin D is

tubes dvstrophin gene expression is uprequladollowing an vali_d and i§ not due to selective stabilization of the_tra_nscript by
increas)e/ inptrangscriptiorﬁ) initiatiorﬂlpG % atr{)ed:(requireg for actinomycin D. Therefore we have shown the half-life in culture

polymerase to traverse the entire dystrophin transcription unit {i P& 15-6 h using actinomycin D and obtained consistent results

muscle {). By monitoring the decay of the transcript in cultured” e absence of actinomycin D by modeling the profile of
human myotubes treated with actinomycin D we have shown t gnscript mductlonl in these cultures. The similarity of the
the half-life of this transcript is 15:62.8 h. observed and predicted curves also suggests that other factors
In muscle the 14 kb dystrophin mRNA encodes a structur§HCh @S premature termination of transcription complexes are
protein associated with the muscle sarcolenimsal@). Studies unlikely o C(_)ntnbute S|gn|f|canFIy to dystrophin  transcript
on the decay of myosin heavy chain and actin mRNAs (whic"ﬁccrtl"m“"’1t|on In cul':ured ljrg?/ogenlc cellsh |
also encode structural proteins in muscle) have shown them to b&Nere are several possible reasons why an apparent excess o
relatively stable, with half-lives dfiL5 and 55 h, respectively nascent transcnpt_relatlve to mature (as indicated by_the higher
(20). In contrast, the mycmRNA, which appears to be involved than expected ratio) was detected in adult muscle tissue. One
in the cellular response to mitogens, has a very short half-life BPSSiPility is that the dystrophin mRNA may turnover more
15 to 30 min in myogenic cell€). Therefore, the dystrophin rapidly in the adult tissue than in cultured fetal muscle.

mRNA appears to be a fairly stable transcript and has a half-ifdternatively, dystrophin gene expression may not be at steady
similar to the half-lives observed for mMRNAs encoding otheptate in human adult skeletal muscle tissue as would be the case
structural proteins in muscle. if the muscle tested had been undergoing growth or regeneration.

During the course of our kinetic studies we developed a novenally: other explanations include significant levels of premature
approach for estimating the dystrophin mRNA half-lie in muscig;rmmanon in adult skeletal muscle that do not occur in cultured

Average 2410 781 29+0.9

tissuein viva. The ratio of total (nascent plus mature) to matur etal muscle, or the existence of another transcript in adult muscle

dystrophin transcript is determined by the time required fdf>SU¢ that includes exon 3 .bUt ot exon 69. Experiments to
tr?':\nscfiption and th% half-life of the mF{N A when theiystem i@entn‘y local alternative splicing indicate that neither of these

at steady state (see detailed explanation in Appendix). Since W(grons are alternatlvtelél_spllcgd in rr:_uscle t'fsgg'ﬁe)' hown that
know the transcription time from measurements we mad n summary our studies using actinomycin ave shown tha

previously in cultured myogenic cells) (we reasoned that the the dystrophin transcript, which requires 16 h to be transcribed,

ratio of total to mature transcript could be used to estimate thaS & half-life of 15.6 2.8 h in myogenic cultures. This half-life
dystrophin mRNA half-life in muscle tissue, assuming the tissua consistent with the nafure ofthe transcript acc_umulatlo_n_profl!e
is at steady state. We obtained muscle from a human adf served for the dystrophin gene under induction conditions in

measured the ratio of total to mature dystrophin transcript, afit myogenic cultures.
found the average ratio to be 2.9.9 (Tablel) with the majority
of values centered around 2.4. The expected ratio assuminggstrophin transcript levels in adult skeletal muscle tissue
half-life of 15.6+ 2.8 h was 1.5 (ranging from 1.4 to 1.6). Using
the ratio of 2.9 0.9 in equation 1 of the Appendix the half-life Quantitative RT-PCR measurements of dystrophin transcript
of the dystrophin mRNA is predicted to be 3.4 h with a minimunfevels in human skeletal muscle tissue indicate that on average
of 2 h and a maximum of 7 h (using the standard deviation) atttere are 781 molecules of mature dystrophin transcript per ng of
is therefore less than the half-life obtained using myogentotal RNA (Tablel). Assuming a yield of 1 ng of RNA per 100
cultures treated with actinomycin D. muscle nuclei [as obtained for cultured human myogenic cells
Since we obtained different values for the half-life in our twand consistent with RNA yields obtained givex BY nuclei/g
systems and because actinomycin D can sometimes leadofavet muscle tissue¢,25)], this indicates 7.& 2.7 molecules
inaccurate estimates of mMRNA half-lives due to selectivef dystrophin mRNA per nucleus in adult skeletal muscle. This
transcript stabilization we used a third approach to assess tlsult is consistent with other studies indicating the dystrophin
half-life. An independent evaluation of the half-life in culture intranscript is expressed at low levels relative to other muscle
the absence of actinomycin D can be obtained by comparing tin@nscripts 15) and is comparable with the level of transcript
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Figure 5. Observed and predicted transcript accumulation profiles for the
dystrophin gene. Observed transcript accumulation profiles from our previous
study (1) are shown for thé &xon 3) (J) and 3 (exon 69) ) ends of the 20
dystrophin gene following induction of expression in myogenic cultures. An
increase in transcript is observed first at thersl of the gene and theh2 h 21
later at the 3end. This delay reflects the time required for polymerase to 22
traverse the 1770 kb between exons 3 and 69. The profile of transcripp3
accumulation is dictated by the rates of synthesis and decay. The mathematicaj
model most commonly used to predict accumulation profiles is represented bys
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the equation Ml/dt = Ks — K; [M] (20,27) whereN1] is the concentration of  2g
mRNA (molecules/cell)Ks is the rate of synthesis (molecules/cell/h), iind 27
is the decay constant . We used the solution to this equatiom}f= K/K;

(1 — eXit} to determine the concentration of MRNA at a given time (t) where
Kj is related to the half-lifety() by the equatioK; = In2ty/,. During the early
stages of induction the accumulation curve obtained for't#bedis dictated

by the rate of synthesis of dystrophin transcript since during the first 12 h all oRatio of total to mature dystrophin transcript at steady state

the transcript is nascent and therefore decay will have no impact. Therefore the

5’ slope =Ks= 0.26 molecules/nucleus/h. Transcripts containing exon 69 beginat steady state, the ratio of total (nascem p|US mature) transcript

to accumulate at 20.4 h and in this model we assumed a 90 min delay befo : : : TSR,
mRNA decay begins to effect accumulation. This time is required for t6 mature can be predicted using the following equation;

completion of exon 69-containing transcripts, processing of the transcript (1)
and transport to the cytoplasm (26), events which must occur before the mRNA
is exposed to the processes of decay. The predicted accumulation profiles for
the 3-end of the gene are shown assuming a half-life of 15.6 h (solid line) and

3.4 h (dashed line). whereR; is the rate of transcription initiatioRy, is the rate of
formation of mature transcrigfis the transcription time, affg
is the mean lifetime of the mature transcripg® ¥ Ry, that is the
expressed in myogenic culturés. (As a comparison the highly rate of initiation and the rate of formation of mature transcript are
abundant muscle transcript encoding the myosin heavy chaintig same (i.e. no premature termination of transcription com-
present at 25 000-50 000 copies per nuclzd)s ( plexes) then the equation can be simplified.

Nevins,J.R. and Darnell, J.E. (19T&ll, 15, 1477-1493.
Hargrove,J.L. and Schmidt,F.H. (198B)SEB 3, 2360-2370.

APPENDIX

5 _ nascentt mature_ RTi + Rufy
3 mature RoTw

5_, =
3/
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In the case of the dystrophin gene, we have shown previously

that it taked112 h to transcribe from exon 3 to exon & (e

nascentt mature_ Te + Ty
mature T
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