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FIG. 3. Analysis of mRNA levels in 1C4 cells during dexamethasone titration. 1C4 cells were infected with 40 PFU of H5dI312 per cell
and at the same time induced with increasing concentrations of dexamethasone. At 6 h postinfection, cytoplasmic RNA was isolated and
analyzed by S1 nuclease protection (E1A, E2A, E3, E4) or RNase protection (Actin). The positions of the DNA probes relative to the viral
transcripts are shown (not to scale), and the position of the 3P label is indicated by an asterisk. Lanes: 1,1 X 1072° M; 2, 1 x 107° M; 3,
$5x107°M;4,1x10°8M;5,2.5x108M;6,5 x 10°°M;7,1x 107 M; 8, 1 x 107% M dexamethasone.

dexamethasone and did not plateau at 10~7 M dexameth-
asone as observed for E2. At 2.5 x 10~® M dexamethasone
(lane 5), the level of E3 mRNA declined. This was not
observed in other experiments, suggesting that the concen-
tration of E3 mRNA at this point was artificially low. E4
mRNA levels during the dexamethasone titration were as-
sayed by S1 analysis with a 3'-specific probe. The concen-
tration of E4 mRNA did not change significantly until the
dexamethasone concentration reached 5 x 10™° M. After
this point, the level of E4 mRNA increased until it reached a
maximum at 10~7 M dexamethasone.

Transcription rates of viral genes in induced 1C4 cells.
Glucocorticoid effects on gene expression are not limited to
changes in transcription. Many mRNAs are stabilized by
glucorcorticoid treatment including the mRNA for human
growth hormone (34). The accumulation of early viral
mRNAs could result from an increase in their transport or
stability in response to dexamethasone or the increase in
E1A concentration. To confirm that the accumulation of
viral mRNAs in response to increasing E1A concentration
was due to increased transcription from the viral promoters,
we performed in vitro nuclear transcription reactions. Nuclei
from the same cell samples from which the RNA assays of
Fig. 3 were derived were incubated with 32P-labeled nucle-
oside triphosphates. Labeled RNA was isolated and hybrid-
ized with excess filter-bound DNAs to determine relative
transcription rates for the E2, E3, and E4 promoters. Figure

4 shows the results of increasing E1A expression on tran-
scription of the other early viral promoters. Transcription
from the E2 promoter was readily detected at 5 x 107° M
dexamethasone (lane 3) and increased steadily until the
dexamethasone concentration reached 5 x 1078 M (lane 6).
After this point, specific E2 transcription decreased (lane 7)
and then increased near the end of the dexamethasone
titration. The E3 and E4 promoters behaved in the same
manner as the E2 promoter. The decrease in transcription
from the three promoters at 10”7 M dexamethasone was not
reproducible in separate experiments, but the behavior of
the three promoters was always consistent within an exper-
iment.

Relationship between E1A concentration and viral tran-
scription. The increases in mRNA levels and transcription
rates in response to increasing dexamethasone concentration
were determined by densitometry of the original autoradio-
grams shown in Fig. 3 and 4 and are displayed graphically in
Fig. 5. E1A 13S mRNA levels increased steadily throughout
the dexamethasone titration but began to approach a maxi-
mum between 1077 and 10~ M dexamethasone (Fig. 5a).
The addition of 1 x 107® M dexamethasone induced an
approximate 14-fold increase in the steady-state level of E1A
13S mRNA compared with that observed at 5§ x 107° M
dexamethasone. This increase was greater than 20-fold when
compared with that of 1C4 cells not treated with dexameth-
asone (Fig. 2¢). E2, E3, and E4 mRNA levels during the
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FIG. 4. In vitro nuclear run-on transcription analysis. In vitro nuclear run-on transcription reactions were performed with nuclei from the
same samples seen in Fig. 3, and 32P-labeled RNA was hybridized to a slot matrix containing immobilized adenovirus DNA in single-stranded
M13 recombinants. DNAs: E2, 61.3 to 66.0 map units; E3, 75.9 to 81.0 map units; E4, 89.7 to 93.2 map units. No hybridization signal to
M13mp18 single-stranded DNA was detected. Lanes 1 through 8 indicate the identical dexamethasone concentration described in the legend

to Fig. 3.

dexamethasone titration are shown in Fig. 5b. Between 10~
and 10~® M dexamethasone, the concentration of E2 and E4
mRNAs did not inc. zase, suggesting that their promoters
were insensitive to t.  small increase in E1A concentration
between these points. In the experiment shown in Fig. 3, E3
mRNA levels increased somewhat less than twofold be-
tween 1077 and 10~ M dexamethasone. However, in four
repeat experiments, the increase between 10~7 and 107° M
was much less than twofold, as observed for E1A, E2A, and
E4 mRNAs. mRNA levels from each promoter increased at
least 20-fold between the uninduced state at 10~ M dexa-
methasone, and the fully induced state at 1076 M dexameth-
asone.

Transcription from the E2, E3, and E4 promoters in
response to increasing dexamethasone concentration (i.e.,
E1A concentration) is shown in Fig. S5c. Throughout the
titration, the transcription rate of each promoter increased as
the dexamethasone concentration was increased. The over-
all stimulation of transcription of each promoter could ac-
count for the total increase in mRNA levels. Thus, the
increases in viral mRNA accumulation in response to in-
creasing E1A concentration were due to increased transcrip-
tion from the early promoters.

The effect of increasing E1A levels on E2, E3, and E4
mRNA levels is plotted in Fig. 5d. mRNA accumulation
from each early promoter correlated approximately with the
E1A mRNA concentration, once the threshold E1A concen-
tration needed to activate transcription from the E2, E3, and
E4 promoters was reached. From the steady-state assays of
E4 mRNA (Fig. 3 and 5b), it appears that significant tran-
scription from the E4 promoter occurred at lower E1A
concentrations than that required to observe transcription
from the E2 and E3 promoters. However, in every case,
increased E1A concentration resulted in an increase in
transcription from the E2, E3, and E4 promoters. Thus,
within the E1A concentration range obtainable in 1C4 cells,
the level of transcription from the other early viral promoters
was determined by the amount of E1A present.

Transcription of E4 promoter in nuclear extracts from 1C4
cells. Nuclear extracts were prepared from untreated 1C4
cells and 1C4 cells induced with 10~ M dexamethasone for
16 h. The ability of these extracts to support transcription of
the viral E4 promoter was determined by incubating an E4
template with the extracts and assaying the quantity of
specific RNA transcript produced by primer extension anal-
ysis. Figure 6 shows the results of one such assay. Under all
extract protein concentrations tested, the extracts prepared
from induced 1C4 cells always showed higher transcriptional
activity for the E4 promoter than extracts prepared from
untreated 1C4 cells. This result was obtained with three of

four successive side-by-side preparations of nuclear extracts
from uninduced and induced 1C4 cells. We have never
observed any effects of glucocorticoid treatment on viral
transcription in HeLa cells infected with wild-type adeno-
virus (data not shown). Therefore, the increased transcrip-
tional activity of the extracts from the induced 1C4 cells
must be a result of E1A expression. However, during the
course of viral infection, other early viral functions in
addition to E1A may influence transcription from the E4
promoter.

DISCUSSION

A chimeric gene containing the MMTYV promoter fused to
Ad2E1A-coding sequences was stably introduced into HeLa
cells. Clone 1C4 cells only expressed E1IA mRNAs after
induction of the MMTV-E1A chimeric gene with glucocor-
ticoids. Complementation of the adenovirus E1A mutant,
H5dI312, occurred only when E1A mRNA was present, that
is, after induction of E1A expression. Response of the
MMTV promoter to glucocorticoid induction was very
rapid, and E1A mRNA levels peaked within 1 to 2 h after the
addition of dexamethasone. Constructing a transformed
HeLa cell line with inducible E1A expression enabled us to
control both the time of onset of E1A expression and the
final concentration of E1A gene products.

Since the time of appearance and final concentration of
E1A products could be manipulated, it was possible to
examine the effects of varying E1A concentration on the
transcriptional transactivation of other adenovirus early
promoters. The addition of subsaturating concentrations of
dexamethasone (20) enabled the ELA mRNA concentration
in 1C4 cells to be varied. Full induction of the MMTV
promoter resulted in a greater than 20-fold increase in E1A
mRNA compared with the steady-state level in the unin-
duced state. Within this range, many different ELA mRNA
concentrations were obtainable at different inducer concen-
trations. Under these conditions, which are within the phys-
iological range of E1A expression in a permissive infection,
the level of transcription from the E2, E3, and E4 promoters
of H5dI312 was proportional to the amount of E1A present.
The accumulation of mRNA from the early promoters was
due to an increase in the rate of transcription from each of
the promoters. This induction was shown to be due to the
action of the increasing E1A levels and not due directly to
the presence of glucocorticoids. A direct correlation be-
tween transcription transactivation and the amount of E1A
present has been previously demonstrated in cotransfection
experiments (27). However, in this study, the effect was
observed over a small range of E1A concentration, and the
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FIG. 5. Effect of increasing dexamethasorie (Dex) concentration on viral transcription in 1C4 cells. The autoradiograms shown in Fig. 3
and 4 were quantitated by densitometry. (a) 1C4 cells were treated with increasing dexamethasone concentrations, and the steady-state levels
of the 13S and 12S E1A mRNAs were measured. (b) E2, E3, and E4 mRNA levels in H5dI312-infected 1C4 cells treated with increasing
concentrations of dexamethasone. (c) Relative transcription rates in nuclei from HS5d/I312-infected 1C4 cells under conditions of increasing
dexamethasone concentration. (d) Relationships between increasing 13S E1A mRNA concentration and accumulation of viral E2, E3, and E4
mRNAs. Symbols: O, E1A 13S; B, E1A 12S; O, E2A; @, E3; A, E4.

ability to stimulate transcription did not increase when
higher concentrations of E1A-containing DNA were intro-
duced into cells. The interpretation of the results of such
cotransfection experiments is complicated because it is
unclear whether the concentration of E1A per cell increased
or whether the number of cells expressing the transfected
E1A gene increased.

Within the range of E1A concentration obtainable in this
system, all three promoters behaved in the same fashion.
Each promoter required the same threshold E1A concentra-
tion to obtain a significant induction of transcription. We
observed increases in transactivation of each promoter
throughout the E1A titration, and transactivation of the early
viral promoters only plateaued when the E1A levels did not
change significantly. In addition, the increase in early
mRNA levels was shown to result from an increase in the
rate of transcription and not from posttranscriptional events.

Thus, in general, the E2, E3, and E4 promoters behaved
identically, within the confidence of our assays, in response
to increasing E1A concentration.

Several models for the mechanism of E1A-mediated trans-
activation have been proposed. These include the removal of
a DNA-bound repressor (30), catalysis of the formation of
active transcription complexes (9), and increasing the activ-
ity of limiting cellular transcription factors (3, 18, 26, 48).
The observation that the level of transcription from each
early viral promoter is directly proportional to the amount of
E1lA present would support any of these models. Each
molecule of E1A could replace one repressor molecule,
resulting in a linear increase in transcription stimulation in
response to a linear increase in E1A concentration. Direct
involvement of E1A in transcription complex formation
would also be E1A concentration dependent and exhibit the
direct proportionality observed in this study. E1A-induced
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FIG. 6. In vitro transcription of the E4 promoter. Nuclear ex-
tracts were prepared in parallel from untreated 1C4 cells or 1C4 cells
exposed to 10~ M dexamethasone for 16 h. Equivalent amounts of
nuclear extract protein were incubated with a supercoiled template
containing the E4 promoter in a standard transcription reaction (see
Materials and Methods). RNA was assayed by primer extension
with a 32P-labeled oligonucleotide, and the 118-nucleotide extension
product was visualized by autoradiography after electrophoresis.
Lanes: 1 and 2, 50 pg of protein; 3 and 4, 65 pg of protein; 5 and 6,
80 pg of protein.

activation of transcription factors would be dependent on
E1A concentration in a linear manner unless E1A acted
cooperatively with another factor to stimulate transcription.
However, the observation that the level of transcriptional
transactivation is determined by the E1A concentration
precludes an all-or-none mechanism in which a small quan-
tity of E1A is sufficient to activate full transcription from a
viral promoter.

Because E1A transactivation is now uncoupled and can be
studied apart from viral infection, it will be possible to
explore the effects of E1A on transcription without any other
potential complications from a permissive infection. Several
examples of transcriptional stimulation by additional viral
proteins other than E1A have been reported (14, 47). As a
preliminary step in clarifying this issue, we demonstrated
that isolated expression of the E1A gene is sufficient to
generate increased in vitro transcriptional activity of nuclear
extracts. No other viral proteins were required to reproduce
the transactivation phenomenon in vitro. However, the
possibility remains that the expression of additional viral
proteins could boost the increase in in vitro transcriptional
activity still higher and may influence E4 transcription
during the course of a viral infection. Using 1C4 cells to
prepare cellular extracts for biochemical studies will address
this problem and should facilitate the analysis of the mech-
anism of E1A-mediated transcriptional transactivation.

ACKNOWLEDGMENTS

We thank John Ngai, Paul Mueller, and Barbara Wold for
valuable advice and discussions through the course of this work and

MoL. CELL. BioL.

Carol Eng for technical assistance. We also thank Martin Schmidt
for instruction on the preparation of nuclear extracts and primer
extension analyses.

L.J.B. was supported by Public Health Service postdoctoral
fellowship GM10699 from the National Institutes of Health. This
work was supported by Public Health Service grant CA41062 from
the National Institutes of Health.

LITERATURE CITED

1. Babiss, L. E., and H. S. Ginsberg. 1984. Adenovirus type 5 early
region 1b gene product is required for efficient shutoff of host
protein synthesis. J. Virol. 50:202-212.

2. Babiss, L. E., C. S. H. Young, P. B. Fisher, and H. S. Ginsberg.
1983. Expression of adenovirus E1A and E1B gene products
and the Escherichia coli XGPRT gene in KB cells. J. Virol. 46:
454-465.

3. Berk, A. J. 1986. Adenovirus promoters and transactivation.
Annu. Rev. Genet. 20:45-79.

4. Berk, A. J., F. Lee, T. Harrison, J. Williams, and P. A. Sharp.
1979. Pre-early adenovirus S gene product regulates synthesis of
early viral messenger RNAs. Cell 17:935-944.

5. Dignam, J. D., R. M. Lebovitz, and R. G. Roeder. 1983.
Accurate transcription initiation by RNA polymerase 1I in a
soluble extract from isolated mammalian nuclei. Nucleic Acids
Res. 11:1475-1489.

6. Enoch, T., K. Zinn, and T. Maniatis. 1986. Activation of the
human B-interferon gene requires an interferon-inducible factor.
Mol. Cell. Biol. 6:801-810.

7. Ferguson, B., B. Krippl, O. Andrisani, N. Jones, H. Westphal,
and M. Rosenberg. 1985. E1A 13S and 12S mRNA products
made in Escherichia coli both function as nucleus-localized
transcription activators but do not directly bind DNA. Mol.
Cell. Biol. 5:2653-2661.

8. Garcia, J., F. Wu, and R. Gaynor. 1987. Upstream regulatory
regions required to stabilize binding to the TATA sequence in an
adenovirus early promoter. Nucleic Acids Res. 15:8367-838S.

9. Gaynor, R. B., and A. J. Berk. 1983. Cis-acting induction of
adenovirus transcription. Cell 33:683—-693.

10. Gluzman, Y. 1981. SV40-transformed simian cells support the
replication of early SV40 mutants. Cell 23:175-182.

11. Graham, F. L., J. Smiley, W. C. Russell, and R. Nairn. 1977.
Characteristics of a human cell line transformed by DNA from
human adenovirus type 5. J. Gen. Virol. 36:59-72.

12. Graham, F. L., and A. J. van der Eb. 1973. A new technique for
the assay of infectivity of human adenovirus 5 DNA. J. Gen.
Virol. 36:59-72.

13. Hoeffler, W. K., and R. G. Roeder. 1985. Enhancement of RNA
polymerase III transcription by the E1A gene product of ade-
novirus. Cell 41:955-963.

14. Jochemsen, A. G., L. T. C. Peltenburg, M. F. W. te Pas, C. M.
de Wit, J. L. Bos, and A. J. van der Eb. 1987. Activation of
adenovirus 5 E1A transcription by region E1B in transformed
primary rat cells. EMBO J. 6:3399-3405.

15. Jones, K. A., K. R. Yamamoto, and R. Tjian. 1985. Two distinct
transcription factors bind to the HSV thymidine kinase pro-
moter in vitro. Cell 42:559-572.

16. Jones, N., and T. Shenk. 1979. Isolation of adenovirus type 5
host range deletion mutants defective for transformation of rat
embryo cells. Cell 17:683-689.

17. Kahn, M., R. Kolter, C. Thomas, D. Figurski, R. Meyer, E.
Remaut, and D. R. Helinski. 1979. Plasmid cloning vehicles
derived from plasmids ColEI, F, R6K, and RK2. Methods
Enzymol. 68:268-280.

18. Kingston, R. E., A. S. Baldwin, and P. A. Sharp. 1985. Tran-
scription control by oncogenes. Cell 41:3-5.

19. Klessig, D. F., D. E. Brough, and V. Cleghon. 1984. Introduc-
tion, stable integration, and controlled expression of a chimeric
adenovirus gene whose product is toxic to the recipient human
cell. Mol. Cell. Biol. 4:1354-1362.

20. Klock, G., U. Strahle, and G. Schutz. 1987. Oestrogen and
glucocorticoid responsive elements are closely related but dis-
tinct. Nature (London) 329:734-736.

21. Kovesdi, I., R. Reichel, and J. R. Nevins. 1986. Identification of

1senb Ag Tz0z ‘9z Arenuer uo /610 wse qow//:dny wolj papeojumoq


http://mcb.asm.org/

VoL. 8, 1988

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

a cellular transcription factor involved in E1A trans-activation.
Cell 45:219-228.

Laskey, R. A., and A. D. Mills. 1975. Quantitative detection of
3H and '*C in polyacrylamide gels by fluorography. Eur. J.
Biochem. 56:335-341.

Lee, F., R. Mulligan, P. Berg, and G. Ringold. 1981. Glucocor-
ticoids regulate expression of dihydrofolate reductase cDNA in
mouse mammary tumor virus chimeric plasmids. Nature (Lon-
don) 294:228-232.

Lee, K. A. W., A. Bindereif, and M. R. Green. 1988. A
small-scale procedure for preparation of nuclear extracts that
support efficient transcription and pre-mRNA splicing. Gene
Anal. Techn. 5:22-31.

Leff, T., R. Elkaim, C. R. Goding, P. Jalinot, P. Sassone-Corsi,
M. Perricaudet, C. Kedinger, and P. Chambon. 1984. Individual
products of the adenovirus 12S and 13S mRNAs stimulate viral
E2A and E3 expression at the transcriptional level. Proc. Natl.
Acad. Sci. USA 81:4381438S.

Leong, K., L. Brunet, and A. J. Berk. 1988. Factors responsible
for the higher transcriptional activity of extracts of adenovirus-
infected cells fractionate with the TATA box transcription
factor. Mol. Cell. Biol. 8:1765-1774.

Loeken, M. R., G. Khoury, and J. Brady. 1986. Stimulation of
the adenovirus E2 promoter by simian virus 40 T antigen or E1A
occurs by different mechanisms. Mol. Cell. Biol. 6:2020-2026.
Montell, C., G. Courtois, C. Eng, and A. Berk. 1984. Complete
transformation by adenovirus 2 requires both E1A proteins. Cell
36:951-961.

Montell, C., E. F. Fisher, M. H. Caruthers, and A. J. Berk. 1982.
Resolving the functions of overlapping viral genes by site-
specific mutagenesis at a mRNA splice site. Nature (London)
295:380-384.

Nevins, J. R. 1981. Mechanism of activation of early viral
transcription by the adenovirus E1A gene product. Cell 26:213—
220.

Ngai, J., C. Bond, B. J. Wold, and E. Lazarides. 1987. Expres-
sion of transfected chicken vimentin genes in differentiating
murine erythroleukemia cells reveal divergent cis-acting regula-
tion of avian and mammalian vimentin sequences. Mol. Cell.
Biol. 7:3955-3970.

Osborne, T. F., D. N. Arvidson, E. S. Tyau, M. Dunsworth-
Browne, and A. J. Berk. 1984. Transcription control region
within the protein-coding portion of adenovirus E1A genes.
Mol. Cell. Biol. 4:1293-1305.

Osborne, T. F., R. E. Schell, E. Burch-Jaffe, S. J. Berget, and
A. J. Berk. 1981. Mapping an eukaryotic promoter: DNA
sequence required for in vivo expression of adenovirus pre-
early functions. Proc. Natl. Acad. Sci. USA 78:1381-1385.
Paek, I., and R. Axel. 1987. Glucocorticoids enhance stability of
human growth hormone mRNA. Mol. Cell. Biol. 7:1496-1507.
Pilder, S., M. Moore, J. Logan, and T. Shenk. 1986. The
adenovirus E1B-55K transforming polypeptide modulates trans-
port or cytoplasmic stabilization of viral and host cell mRNAs.
Mol. Cell. Biol. 6:470-476.

INDUCIBLE E1A EXPRESSION IN HeLa CELLS 4807

36.

37.

38.

39.

41.

42.

43.

45.

47.

49.

Raychaudhuri, P., R. Rooney, and J. R. Nevins. 1987. Identifi-
cation of an E1A-inducible cellular factor that interacts with
regulatory sequences within the adenovirus E4 promoter.
EMBO J. 6:4073-4081.

Roberts, R. J., G. Akusjarvi, P. Alestrom, R. E.Gelinas, T. R.
Gingeras, D. Sciaky, and U. Pettersson. 1986. A consensus
sequence for the adenovirus-2 genome, p. 1-51. In W. Doerfler
(ed.), Adenovirus DNA. Martinus Nijhoff Publishing, Boston.
Shiroki, K., I. Saito, K. Maruyama, Y. Fukui, Y. Imatani, K.-I.
Oda, and H. Shimojo. 1983. Expression of adenovirus type 12
early region 1 in KB cells transformed by recombinants contain-
ing the gene. J. Virol. 45:1074-1082.

Simon, M. C., K. Kitchener, H.-T. Kao, E. Hickey, L. Weber, R.
Voellmy, N. Heintz, and J. R. Nevins. 1987. Selective induction
of human heat shock gene transcription by the adenovirus E1A
gene products, including the 12S E1A product. Mol. Cell. Biol.
7:2884-2890.

. Southern, P. J., and P. Berg. 1982. Transformation of mamma-

lian cells to antibiotic resistance with a bacterial gene under
control of the SV40 early region promoter. J. Mol. Appl. Genet.
1:327-341.

Spindler, K. R., D. S. E. Rosser, and A. J. Berk. 1984. Analysis
of adenovirus transforming proteins from early regions 1A and
1B with antisera to inducible fusion antigens produced in
Escherichia coli. J. Virol. 49:132-141.

Staufenbiel, M., P. Epple, and W. Deppert. 1986. Progressive
reorganization of the host cell cytoskeleton during adenovirus
infection. J. Virol. 60:1186-1191.

Weinberg, D. H., and G. Kettner. 1983. A cell line that supports
the growth of a defective early region 4 deletion mutant of
human adenovirus type 2. Proc. Natl. Acad. Sci. USA 80:5383-
5386.

. Wigler, M., R. Sweet, G. K. Sim, B. Wold, A. Pellicer, E. Lacy,

T. Maniatis, S. Silverstein, and R. Axel. 1979. Transformation of
mammalian cells with genes from procaryotes and eucaryoties.
Cell 16:777-785.

Winberg, C., and T. Shenk. 1984. Dissection of overlapping
functions within the adenovirus type 5 E1A gene. EMBO J. 3:
1907-1912.

. Wittek, R., M. Hanggi, and G. Hiller. 1984. Mapping of a gene

coding for a major late structural polypeptide on the vaccinia
virus genome. J. Virol. 49:371-378.

Yoshida, K., L. Venkatesh, M. Kuppuswamy, and G. Chinnadu-
rai. 1987. Adenovirus transforming 19kD T antigen has an
enhancer-dependent trans-activation function and relieves en-
hancer repression mediated by viral and cellular genes. Genes
Dev. 1:645-658.

. Yoshinaga, S., N. Dean, M. Han, and A. J. Berk. 1986. Adeno-

virus stimulation of transcription by RNA polymerase III:
evidence for an E1A-dependent increase in transcription factor
IIIC concentration. EMBO J. 5:343-354.

Zhai, Z., J. A. Nickerson, G. Krochmalnic, and S. Penman. 1987.
Alternations in nuclear matrix structure after adenovirus infec-
tion. J. Virol. 61:1007-1018.

1senb Ag Tz0z ‘9z Arenuer uo /610 wse qow//:dny wolj papeojumoq


http://mcb.asm.org/

