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Wa have nvestigated the importance of sequantes downstream te the TATA box of an immuneglobulin promater by transfection and in vitro

tanseription assays. A sequence fram — I te + 10 with respect 1o the transeriptional start site was synthegised by a procedurs allowing for random

misingarperation of nueleotides, The poat of mutant eligonucleatidés was cloned into the respective position of & vector carrying & fusion of &

synthede immunoglobulin heavy chaln promorer with the human growih hormone gene. From 200 clones sequenced, 115 were mutams with at

legst one nueleelide exehange in avery position. Wherdas most mutations are of minor functionsl Importance, changes at or near Ilw tmnunptmnal
starl site reduce the promoter actwny tangiderably.

' Pramuwr; Ollgonnclmllde synthesis; Mutant; Transcription

I. INTRODUCTION

Promoters of higher eucaryotes are very complex se-
guences consisting of individual regions responsible for
the positioning of RNA polymerase in the initiation

complex and for the binding of activating and repress-

ing cellular transcription factors. The region between
—40 and + 10 with respect to the transcriptional start
site, the so-calied selector sequence, is the core of a
mammalian promaoter {1]. Within the selector sequence

the TATA box is essential for the positioning of the

RNA polymerase II, at least in vitro {I,2]. Nothing is
known yet about the significance of sequences
downstream from the TATA box.

‘The immunoglobulin heavy chain (IgH) promoter is
known to be one of the simplest promoters with regard
to its use for driving transient gene cxpression in B cells.
. In addition to the selector sequence it requires only the

presence of the socalled octamer motiv [1,3]. For the

optimization of gene expression, it is essential to know
the sequence characteristics required for function of the
IgH promoter. To this end we have constructed a syn-
thetic IgH promoter based on published sequences [4]
with short cassettes spanning the region between - 80
“and + 10 connected by suitable restriction sites, It is ef-
ficient in driving expression of the human growth hor-
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mone gene in B cells, In this paper we report on the,

‘mutational analysis of the region between ~11.and

+10:

2, EXPERIMENTAL

Plasmid vecror and mutational DNA synrhes:s

. The genomic human growth hormone gens fragment without pro-

moter was.clonad into the Mind Il site of pUCIL9. The IgH promoter
was constructed according to the published sequence [4] from two -
oligonucleotides overlapping by 8 nucleotides (ATGGTGGT) and was
cloned between the Eco Rl and Xba 1 sites of‘pUCGH in front of the
hGH gene.

The two strands of the Xba I.-'Sa! | rragmcnt were synthesised ac-
cording to the procedure of Hutchison et al. [5] using an Applied
Biosystems DNA Synthesizer . model 380 on the basis of methox-
yamidites. To 2.9 ml of the main phosphoamidite solution (0.13 M)
in each position 68 4! of the other three amidite solutions were added
resulting in‘an impurity of 6.6% for each solution. For synthesizing
the cohesive ends non-contaminated solutions were used. The!
oligonucleotides were purified by HPLC, annealed, phosphorylated -
and cloned between the Sa/ 1 and Xba I sitgs of the’ dephosphorylated
vector plgHGH. Individual plasmid mlmpreparatnona were sequenc-
ed by the chmn termination method [6).

Trang;fecnon af B cells

Mouse myeloma cell line Sp2/0 Agl4 was. grown in RPMI1640
medium/10% fetal calf serum/ 100 zg/ml of gentamyein. 500 000 cells
were seeded in 10-cm Petri dishes 24 h.before transfection..7 g of -
every mutant plasmid were mixed with 0.5 zg of pRSVeat [7] as anin-

ternal standard, precipitated with ethanol, resuspended in 250 4 of -
- RPMI1640 + 25 mM HEPES (pH 7.15), acdded dropwise to 250 4l of

RPMI/HEPES (pH 7.25) + 1 mg/ml DEAE-dextran (Af;. 500 600; .
Pharmacia) with mixing and added to the-cells for 30 min. After
washing 7 ml medium with serum + 0.1 mM¥ chloroguine were acded
for 3.5 h. Cells were washed and incubated with fresh medium for 36
h y o
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Fig. 1. Distribumion of mutations within a 21-bp sequence af the IgH
promoter synihesized by o mutational method [3). A 10181 of 149
mutations were identifled in 115 muant ¢lones. The numbers of the
respuective nucleatdde exchanges are given for each position on lop of
the diagrnm ‘ :

Expression us'say.r

An ELISA wis uted where a mnncclunnl anti-hGH antibody wax .

fixed to & micratiter plate. Specific binding of a rabbit antl-hGH an-

tiserum was detected by the perosidase technigue. A commercial hGH ‘
(Seranc) wax used 4s o standard, Linﬁr 'csponse was cbserved be- :

tween 0.5 and 10 pg/ml. ‘

Towal RNA  ways extracted fromy cransfected cells by mc
guanidinium-phenol method {8}, denatured with plyoxal and im-
mobilized on two nitrogellulose filters using a'slot blot device
(Sehieicher and Schuell). Sense RNA transeribed in vitro was used as
o standard, ‘Antisense RNA probes ware also generated vy in vilro
transcription using T7-RNA polymerase. Hlybridization wis dong in

_the phosphate buffer system (9),

CAT enzyme activities were deigrmined [10] in triplicate in extracts

of cells which were assayed (or hGH secretion, Afer thin layer

chromatography and seintllation counting CAT activities were used
to normalize the hGH values,

3. RESULTS

"Analysis of mutants
Mutants within the 21-bp sequence of interest were
generated by misincorporational  synthesis * of

-70 ~&0

03

May 1991

ahgamsclemides and subseguent clunina Out of 200
elonex sequenced, 115 were found to be mutants, 97
clones had one nucleoticde exchianged; the others 2 or 3

" exchanges. The distribution of mutations is depicted in .

Fig. ¥, At least one mutation has been found in each of
the 21 positions. In 10 positions anly one of the thiree
possible exchanges was found and only 42 of the pqm-
ble 63 single nucleotide exchanges were detected. Fig. |
clearly shows that the distribution of mutations is nat
random, Mest striking is the prevalence of the A C
transversion at position —3 within a tract of 5% A, As
this is not the result of a non-random synthesis (data
not shown) it seems to reflect a selective advantage of

~ the sequence ACAAA over AAAAA within the plasmid

sequence during transformation and clone selection.

Cellutar sxpression assay

We have constructed an expression vector plgHGH
which containg a synthetic 90 bp IgH-promoter frag-
ment in front of the human growth hormone gene (Fig.
2). Individual cassettes of the promoter can be replaced
by suitable sequences. The vector allows for efficient

transient expression and secretion of hGH in B cells

(200 ng/mi/day). The incorporation of restriction sites
in the crigi’nal sequence [4] does not affect the level of
expression (data not shown), ‘

The Xba 1/5al I fragment of p[gHGH was replaced

by the mixture ‘of mutant fragments cescribed above.
‘From the |15 mutants identified we have chosen 20

clones for functional testing. B cells were transfected
and the concentration of hGH in the culture medium
was determined by ELISA 36 h after transfection (Fig,
3), For most mutants the expression levels are within the
range of 65-90% of the wild-type promoter sequence,

However, mutations in. position -1 reduce the

transcrlpuonal activity to 15-20% and the A to. C
transversion in position — 3 results in a slight increase
aver wild-type activity (120%). A reduction of hGH

. synthens under 50% was observed’ for mutatlons in

positicns +8 and +9.
The levels of hGH specific RNA correlate with the
protein levels in mutants with nucleotide exchanges

: ~50 ~40 . =30 ‘ ~-20
5'—GCGﬁﬁTTCGGﬁTCCGTGTCTCATGAATQIGCAA%TC&BGTGAGTCCQTGGTGGTQQQTATAGGG
£c¢oRI  Bam#{ Bcta ' Nco I
-10 +1 10

ATET C‘.GF:‘"‘P.CHCCTCﬁﬂ.ﬁ‘.ﬁﬁET.TRHGAT CTAGA- T

8al 1

Xba I

Fig, 2. Sequence of the synthetic 1gH promoter. The pnsmons of restriction sites which d1f%‘er from the original sequence [4] are marked by bold
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I’fg, 3. Relurive m‘livlliﬁ of mutnt [gH pramaters ag measured by
seergtion OF NGH from B cells 36 hafter irnnsfection. The 100% valoe
af the wild-1ype promoter correspands to 200 ngsmi, 1 50 ng/m! and

120 ngfml, respectively, in 3-independeut experiments. All numbers’

are mean values of 3 experiments with 3 diskes for each DNA sample.

upstream of the transeriptional start site. The ratio of
RNA to protein is higher in ¢lones with mwations
downstream of the start site (Fig. 4) suggesting a
_clecrcase in the transl.monal efficiency,

4, ‘DISCUSSIDN

We have used the method of Hutchison et al, [5] 1o

generate random mutations within a region down-
stream of the IgH promoter supporting the usefulness
of this method. However, the abundant occurrence of
one particular mutation, the A to C transversion in
 position =3, suggests. that biological selection
- mechanisms have to be taken into account. The over-
representation of this mutation (25 of 149 mutations in
200 clones analysed) is likely to be due to a higher
stability of the plasmid in the selection procedure, This
mutation also results in a canonical CA box [11] which

is likely to function as a transcriptional initiator. This'
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couldl be the reason why rhis mutation aemally resulted
in an inerease of the promoter activity ower the wilds -

type level (120%:). The distance of this CA dinucleotide

from the TATA biox is whhm the usual limits known
from other promoters {1).

The most pranounced effect of all mutations was in
positlon -1, Two different nucteotide exclianges in this
position resulied in the same reduction of promoter ac-
tivity detectable onthe protein (Fig. 3) as well as on the
RINA level (Fig. 4). It seems very likely that formation
of the transeription initiation complex is disturbed by
this mutation as suggested by gel retardation ex--
periments (unpublished - observations). No s:gniﬁcant ‘
effects on promoter activity eould be found in the
region between «11 and -3 Some. mutations
downstream of the transcriptional start Site seem 1o

- have a positive effect on transcription (Fig. 4) and a

negative ane on translation (compare Figs. 3 and 4).

‘The effect of mutations in this region will be further

studied by linking the sequence 10 ather test ganes,

REFERENCES

1] Wasylyk, B, {1988) CRC Crit. Rev. Blochem, 23, 77-124.

[2) Kevaes, B.J. and Bunerwarth, P.H.W. (1986) Nucleic Acids

Res. 14, 2429-2442,

Wirth, T., Stawdt, L. and Baldmare, D, (198‘)) Nﬂturc 329

174178, -

‘Landolfi, N.F,, Capra, J.D. :md Tuehcr, P.W, (1986) Nature

323, 54B8-852.

Hutcliison, C.A., Nordeen, S.K., Vogt, K. and Edgell, MM

{1986) Proc. Ndll Acad. Sci USA 83, 7!0-‘”4

{6] Sanger, F.. Nigklen, S. and Coulson, A.R. (1977) Prae. Natl.

Acad, Sci, USA 74, 5463-5467.

{7} Gorman, C., Padmanabhan, R and Howard, B. (1983) Science,

‘221, 551~ 553

[3

(4

¢

- and S'\::Iu.‘N. (1987} Anal. Blochem. 162, .
156-162, ; .
(9] Ctwrch, G.M. and Gilberr, W: (1934) Proc. Natl. Acad. Sai.
. USA 81, 1991-1995, '
{10] Gorman, €., Moffat, L.F. and Howard, B (19&2) Mol, Cell,
Biol. 2, l044 1051,

{11] Bucher, P, and Trifonov, E.N, (1986) Nucleic Acids Res, 14,

10009~10026,

. ‘ - -
l A

A AGAaTC

Flg 4 Slot blot hybndlzatlon of hGH-spemflc RNA extracted from B cells transfected and analysed for hWGH. protem producuan as in Fig. 3.
(w =wild-type promoter; s=standard sense RNA, 30, 10 and 5 pg) ‘
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