




























































































































facilitating RNAP binding or {>NA strand opening) from effects 
of the A+ T -rich sequences on transcription independent of the 
curvature. 

In this report, we address the relationship between rRNA 
transcription activity and DNA bending by identification of the 
sequences required for DNA curvature and comparison of those 
regions with infonnation now available about the regions required 
for stimulation of transcription of rmB PI (2, 3, 1). Our results 
suggest that the large intrinsic curvature in the vicinity of the 
rmB PI promoter does not play a major role in rRNA 
transcription. 

MATERIALS·AND METHODS 

General methods 

Plasmid DNA was purified using Qiagen columns (Qiagen Inc.), 
pheool extracted, and ethanol precipitated. Restriction enzymes 
and linkers were obtained primarily from New England Biolabs, 
and sequencing primers were provided by the NutraSweet Co. 
(Mt lllinois). All plasmid constructions were confirmed 
by DNA sequencing using Sequenase (USB). 

Plasmids 

Restriction fragments are referred to by their rmB PI DNA 
endpoints (with respect to the transcription stan site, + 1). Eight 
bp EcoRI and 12 bp BamHJ linkers were ligated to the upstream 
and downstream ends, respectively, of a fragment containing the 
rmB PI sequences from -154 (Alu/) to -28 (Hae/11), and 
inserted into the EcoRJ and Bamlll sites of pUC19 and pRW4 
to make pJNBendl30 and pJY237, respectively (J.T.Newlands, 
R.L.Gourse, J.Yang, and R.M.Wartell, unpublished results). 
Fragments indicated in Table I were generated by digestion of 
these plasmids with EcoRI ( -154), BamHl (-28), Dral ( -46), 
and T aql (- 104 and - 114). Other restriction fragments 
(illustrated in Figure 18) were obtained as EcoRI-Hind/II 
fragments from previously existing plasmids (3, and L .Rao and 
R.L.Gourse, unpublished results), and inserted between the 
unique EcoRI and Hindlll sites of the permutation vector pSL6 
(8), a derivative of pBEND2 (16) (Figure lA) . 

Analysis of DNA bending by polyacrylamide gel 
electrophoresis 

Fragments from pJY237 were examined at 25°C on 8% 
acrylamide:bisacrylamide (29: 1) gels in 1 xTBE buffer (26) for 
8.5 hours at 5-7 V/cm as described (11). and Hinfl 
digested pBR322 served as size standards. pSL6 derivatives were 
digested separately with at least seven different restriction 
enzymes to generate a set of fragments of equal length containing 
the prom()(er DNA segment of interest at different positions 
within the restriction fragment. The fragments were 

on 220x200x 1.5 nun 10% acrylamide: 
bisacrylamide (30: 1) gels in 0.5 x TBE buffer at 3V /em for 48 
hours at 6°C. A Haelll digest ofpUCl9 was used as a molecular 
weight standard. As controls, identical digests were run under 
conditions where bent and non-bent fragments migrate similarly, 
e.g. in the presence of 0.5 l'g/ml ethidium bromide or at 55°C 
(25 V/cm) (27). After electrophoresis. gels were stained with 
ethidium bromide and photographed with UV illumination. The 
apparent length of each fragment was determined from semi­
logarithmic plots of molecular weight versus migration distance 
and expressed as a ratio of the fragment· s actual size (K value). 
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The errors in determining a K value for a specific fragment 
between different expeqrnents were usually quite small ( s 4%). 
Furthermore, differences in electropboretic mobility between 
fragments of the same size but with either different sequence 
composition or different endpoints could be detected and 
visualized reproducibly when the fragments were in adjacent gel 
lanes or within the same gel lane. Thus, differences in the 
mobilities of fragments in certain DNA regions which have K 
values very close to 1.0 (zero curvature) could still be detected 
reproducibly. 

Construction of mutations in the UP dement and evaluation 
of their effects on promoter strength 

Mutations were constructed using the method of Kunkel (28). 
Primer 5 '-A TIT AAAA T AA TA ITCfGACCGCG-3' was used 
to create a substitution of a T for an A at position -55 (A-55n. 
Primer 5'-GACAAGAGGAATAITAAAATAATI-3' was used 
to create the double substitution T -43A. A -44T. Operon 
fusions with lacZ were constructed in strain NK503I , and 
galaaosidase activities were measured as described previously 
(29). 

RESULTS 

Detection or bending by electrophoresis 

Intrinsic DNA curvature can be identified by unusual 
electrophoretic behavior. The K value is the ratio of the apparent 
length of a fragment to its actual length: the greater the K value, 
the larger tbe deviation in apparent size from real size, which 
can be indicative of an increase in the bend angle. The K value 
is also a function of acrylamide concentration, electropboresis 
conditions, the length of the DNA fragment, and the position 
of the berxl within the fragment (10, I5-19). The closer the bend 
is to the center of the fragment, the slower is the electrophoretic 
mobility. 

An rRNA promoter containing rmB PI endpoints -154 to 
+50 with respect to the transcription initiation site was shown 
previously to have maximum rRNA traDSCription activity and to 
migrate aberrantly on acrylamide gels (1). K values of the rmB 
PI sub-fragments listed in Table 1 were determined at 25°C and 
indicared that an anomalous structure, perhaps a bend, was located 
between - 154 and -46. Assuming the anomalous structure 
represents DNA bending, these data were not sufficient to 
determine the distribution of the curvature within this region nor 
the location of the bend center. However, the - 154 to - I14 
and -104 to -46 sub-fragments had oonnal mobilities, 
suggesting that the endpoints in the - 100 region either disrupted 
the curved region or placed it too close to tbe end of the fragment 

Table I. K Values for restrictioo fragmeuls NXXaining UAR DNA 

-1.54 to -28 
-154 to -46 
-104 fD -28 
-104 to -46 
-154 to -114 

1.29 
1.20 
1.05 
1.00 
1.00 

1rmB PI coordinates. +I is the tramcriptioo initiation site. 
K \-ahle is the apparent elcctwpborctic rdativc to the actual siu 

of the fnpnm. Electrophoresis was performed • 25 oc. 
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to affect electrophoretic migration substantially. The K value of 
1.29 for the - 154 to -28 fragment resulted in an estimate of 
a bend angle of approximalely 108 o when calculated using the 
empirical equations developed by Koo and Crothers ( 11) for 
DNAs with~ tracts, a value of 18° per~ tract (30, 31), and 
a value of 10.5 bp/helix turn (i .e. the retarded mobility of this 
region was equivalent to that which would be afforded by six 
~tracts) . 

We next analyzed the rRNA promoter region using the 
permutation vector pSL6 (8, 16) illustrated in Figure lA. 
Fragments of DNA associated with different functionally 
impor:tanl sequences in the region of the rmB PI promoter (Figure 
I B) were cloned between the two tandem repeats in the vector. 
Cleavage at different 1-estriction sites in the tandem repeat 
generated fragments of the same absolute length but with the bend 
(if present) at different positions with respect to the ends. The 
apparent sizes of the fragments were then determined by 
electrophoresis. Since multiple bends within a fragment can limit 
the usefulness of this technique, we examined relatively short 
pieces of DNA. 
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f'1cure 1. (A) Plasmid pSL6 (8). The plasmid has two identical regions of DNA 
cmraining naltiple rcsoiction sites ftanki:ng EcoRJ and Hindi// sites for promoter 
fragmeu iDsc:nion (halcbcd box). TlTI: tn.nscriptioo termination region from 
rmB. bla: ampicillin resista.ntx gene. ori: origin of DNA replication. (B) The 
rmB PI promoter region and DNA fngmems used for permutation analysis. The 
core promoter region, UP elcmem, and FIS binding sites are indicated (2, 3, 
7). The eDdpoints of rmB fragmculs inserted inro pSL6 are shown on the right. 
The resulting plasmids are listed in Table 2. The~ are displayed under 
the scbcmltic in order to illUS~ra~e tbe fuoctiooal.ly relevant regions contained 
within each fragment . 

A set of at least seven different restriction digestions was 
performed on plasmid ~cts containing each rmB insert. The 
set of digestS containing a single rrnB insert was electrophoresed 
on a 10% polyacrylamide gel at 6°C alongside known length 
markers (dala not shown). The digests generating the slowest and 
fastest running fragments from each permuted fragment set were 
then electrophoresed on the same gel to permit direct comparison 
of the K values of different rrnB inserts. The results are shown 
in Figure 2A, illustrated graphically in Figure 3A, and tabulated 
in Table 2. Only the fragment containing the - 154 to -64 insert 
(and the larger fragments which contain this region, - 154 to 
-46 and -154 to +50) had K values of 1.4 to 1.5. All odler 
fragments tested, including several containing the UP element 
region with a variety of fragment endpoints, deviated in mobility 
from their actual sizes by less than or equal to about 10%. These 
results indicated that the major bend in the rmB Pl promoter 
region is located upstream of the UP element. 

Electrqroesis of the same digests in the presence of0.5 l'glml 
ethidium bromide or at 55°C, either of which reduces the effect 
of bending oo electrophoretic mobility (32), results in migrati<?n 
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FJCUI'! 2. Gd electrophoresis of permuted fragments of rmB PI . (A) 
electrophoresis performed at 6°C. (B) electrophoresis performed at room 
temperature in tbe presence of O.S pg/ml ethidium bromide. In each digest. the 
rmB insertioo is embedded within 137 bp of vector DNA. The two restriction 
digests resultiDg in the maximal and minimal elcctiophoretic mobilities of each 
permuted frapleDl set were run on the same gel. Plasmid Dl'As used in each 
lane are idc:mific:d by the endpoints of their rmB DNA. The top of lbe gel is 
DOl pictured. Restriction enzymes used in each lane were: M: pUC19 digested 
with HtUW (molccular weight standard; sizes of the fragments in base pairs are 
indica&cd • the right of each panel); -28 to +SO: Ssp/. Mlu.l. (Ssp/ deaves at 
multiple sites •-min the vector resulting in additional higher molecular weight 
bands); -88 10 + 1: MUd, Pl'&t/1; -154 to -64: MUd. Smal: -46 10 +SO: 
Bamlll, Xltol: -SO to +SO: BamHJ. Xhol; -154l0 -46: BamHI. EcoRV; -61 
to +SO: Bamlll. Mlu.l; -67 to +SO: Rsal. Mlu.l. (Rsa/ cleaves at multiple 
siteswithin the vector resulting in additiqnaJ bands. The rmB scqumces are 
comained .....om cbc fragment migrating r11tar lbe position of tbe 2S7 and 267 
bp SlaDdards.l: - 115 to +SO: Bamlll. EcoRV; -154 to +SO: BamHJ. Mlu.l. 
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F"IIC'Ift 3. Grapbical rcpresaation of dala pic:Qared iD Fipre :t (A) o.a from 
da:aopbotesis performed • 6•c. (B) Data from elccaopuais performed at 
room tempcnDII'e in me presence of o.s l'&fml edlidiam bromide. Appuent 
fragmeDl a,m ill bp is ploaed versus disraDoe m.ignlal ill DIL A liDe is drawn 
through pam (small docs) derived from me molecular wap. ..mro .. The pair 
of symbols aaaespcwwti .. 10 me madmnm IDd miDimam IIIJIIII'aa leugtbs of 
fnlmeals from cacb penmlled set are CODDected. Tbe symbok for each set are 
defined oa me rigbl side of me graph. From this snpbicallqftSCDIIIion. it is 
appualllbll me tr.gmeals conWning rmB sequeoces -154 1D +SO, -1S4 to 
-46. and -154 10 -64 migraae substaDtially slower • 6•c m. expecud from 
their lcugths. 

almost as predicted by the actual fragtned sizes (Figure 28, 
Figure 38, Table 2, and data not shown). Thus, de\iations from 
nonnal mobility are a function of the structure of lbe fragment 
and not from miscalculation of actual length. 

The electrophoretic mobility of the -154 to -64 fragment 
"fS also compared directly with that of fragmem containing 
different raunbers of phased A tracts from the 'l'bcJqJsoo-Landy 
set ( 18) in order to obtain an estimate of the major bend angle 
occurring Ytithin the rmB promoter region._ The -154 to -64 
fragment migrau:d with a K value between ~ of &agmems with 
4 and 5 A~. providing an estimated bend angle of about 
~o (18). This estimale of 80° and thai rkXed lboYe of 108° likely 
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F"lpft 4. Jdeurifiarion of tbe major bend cemer. (A) Digests of plasmid pLR18 
( -1S4 10 -64 ~and (B) pUUO ( -1S4 to -46 fragmed). Digests were 
elccuopboresed ll to.· taDpCniUI'C IS described lbove. Each poiDt OD tbe graph 
reprcsenu tbe K value Of oae member of 1be pcrmured set (ronnining ei1ber me 
-154 10 -64 or tbe -15410 -46 insert) as a fuDctioo of me coordiDare • me 
fngmem's c::carer. The resaicOoa cazymes used were (A) Mbd, BgU/, NMJ, 
EcoRV, Pwdl, Smt&l, Sspl, Rstl/, Bomlll; aod (B) MIMI, BgU/, NMJ, Xltol, Dral, 
EcoRV, hull, Smt&l, Ssp/, BamHI. The lpeX oftbe curve iDdic:a&c5 me positioa 
of tbe beDd c::carer (16). Sample calculation: me -154 to -64 fragment was 
iDsertcd bclwceD tbe rmxfcm repeas in me beDd vector. Wben tbe plasmid was 
cut wttb Pvull (oae of lbe enzymes genenbng a frapDcu we a high K value). 
tbe resultift8 227 bp fn8meu bid approximaldy (16 bp oa tbe left of tbe 90 bp 
insert miniD~ lbe pomotcr and 71 bp Oil me rigtl of lbe iDsert. The ceolCf 

of me frl8med is lboul 113 bp from each ead, or 11 about position -107 witb 
respect to lbe noscriptioa swt sile. 

-
define a range for tbe real bend angle, considering the limitations 
of the two methods. 

Position of the auVor bend 

The mobility of a DNA fragment depends on the position of the 
bend relative to tbe center of the fragment. To identify where 
within lbe -64 to -154 region the bend resides, the data obtained 
from a set of 9 different digests of the vector containing the - 154 
to -64 fragment and a set of 10 different digests of that 
containing the -154 to -46 fragment were plotted as Figures 
4A and 48, respectively. In these figures, the K value for each 
of the fragments in the set was plotted against the sequence 
coordinale at tbe center of the fragment. The fragments with the 
highest K value are those where the center of the fragment is 
at approximalely -100, thereby identifying this position as the 
bend ceuaer. This position is weD upstream of both the UP 
element and FIS Site I, the major upstream determinants of 
promoter strengh at rmB P 1. · 
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Table l. K values from circular pcrmuratioa e~ 

plasmid nuB PI actl&ll size (bp)b appareul size (bp)c K ,'llucsd 
eDdpoids 6·c Elbr 6=c Elbr 

pSL6 -1S4+SO (341) 440 - 484 3S6 - 3S6 1~ - 1.42 1.04 - 1.04 
pLR20 -1S4-46 (24!5) 328 - 36S 264 - 270 .. ~ - 1.49 1.08 - 1.10 
pLRI8 -1S4-64 (227) 293 - 3SO 227 - 232 I~- I.S4 1.00 - 1.02 
pSL8 -liS+ SO (302) 328 - 3!53 309 - 31S 1.09 - 1.17 1.02 - 1.04 
pSL9 -88+SO (27!5) 267 - 289 ncf 0 .97 - l.OS nd 
pSL13 -88+1 a26> 224 - 233 221 - 226 0.99 - 1.03 0.98 - 1.00 
pSL10 -61+SO (2S4) 249 - 2S4 249 - 2S4 0.98- 1.00 0.98 - 1.00 
pSLll -61 +SO a48> 246 - 26S 24S - 248 0.99 - 1.07 0.99 - 1.00 
pUtt -61-28 (170) 170 - 177 Dd 1.00 - 1.04 
pSLI2 -SO+SO aJ7> 23S - 246 237 - 240 0.99 - 1.04 1.00 - 1.01 
pLR21 -46+SO (233) 233 - 2S6 . 230- 230 1.00 - 1.10 0.99 - 0.99 
pl.R.9 -41+SO (228) 217 - 233 Dd 0.9S - 1.02 
pLR19 -28+SO ats> 219 - 219 210 - 21S 1.01 - 1.02 0.98 - 1.00 

•1.5 described in Malcrials IDd Mdbods and in text . 
.,._each case. tbe rmB iDsenioa a embedded wilhin 137 bp of vector DNA. 
~ IIIII m&l'imnm lppiR'.IIl ~of a set of pei1DUCCd fragmems of tbe same size wilb differ-em eodpoints, from elecac:Jtlues.is • 6°C or in tbe presence 
m edlidium bromide (Eibr). 
'Minimum IIIII mu:im•an K values (appuc:d size/ICDIIl size) of a set of pertDUta1 fragmems of tbe same size with differeu eadpoials. from elecaophoresis It 6°C 
or in tbe praenc:e of edUdium bromide (Etbr). The K values represem tbe range of mobilities for a given fragment set. Errors ill K value delerminllioo ~ widUn 
4 ~ (see Melbods). 
em: DC( delamiDed. 

Minor deviations from linearity in fragments not containing 
tbe major bend 
Examination of fragments downstream of the major bend locus 
( -67 to +SO; -61 to +50; -so to +SO; -46 to +50) did 
DO( lead to a simple interpretation of curvature in this region. 
For example, the -67 to +50 fragment migrates more normally 
than the -61 to +50 or -46 to +SO fragments. It is possible 
that there are multiple small deviations from linearity caused by 
these sequences (or by the sequences created at the rmB-vector 
junctions), some of which ~nsate for ooe another by bending 
in opposite directions. 

We tested whether these minor electrophoretic abnonnalities 
reflect curvature in the UP element ( -40 to -60) region by 
comparing the mobility of a fragment with - 88 to + 1 rmB 
endpoints to that of an identical fragment containing a substitution 
of the sequences from -41 to -59 [the SUB mutation, sequence 
provided in legend of FigureS (2, 3)]. The wild type fragment 
('W'; Figure 5), which contains two A-tracts in phase. migrated 
only slighdy slower than the fragment of the same length 
containing the SUB mutation ('S'), consistent with the results 
reponed in Table 2 indicating that only minor curvature exists 
in this region. (The maximum K value of the wild type fragment 
was about 1.03, while the K value of the SUB fragment was about 
0.98.) The small difference in the mobilities of the wild type and 
SUB fragments is likely to reflect bending, however, since the 
difference was greatest when the A-tract regions were near the 
center of cbe fragment (Figure 5, Pvull or Xhol digests). 

Functiooal role of A-tracts within the UP element 

The UP element consists of 90% adenine and thymine residues, 
comins pbased Aff -ttacts (Figure 6), and increases transcription 
of rmB PI •least 30-fold in \ivo and in vitro (2, 3). Replacement 
of the -40 to -60 region in rmB P 1 with the SUB mutation· 
completely eliminales activation by the Ul\element and partially 
reduces activation by AS bound at FIS Site I (3), resulting in 
a reduction of transcription even greater than 30-fold. 

Mlui Jhol Pnii 8lmHI 

I s w T II s w T llsiTll s w T I 
---------------~ 

f1aurt 5. Electropboretic mobility of fragmcJls COCII&ining rmB PI derivatives 
with substilutions upstream of the - 3S be.umer. Promoler fragments with rmB 
PI sequeuces from -88 to + I we~ insencd ilm pSL6111d digested w.idt either 
Mllll. Xltol. Pvul/, or BamH/. S. SUB 11J111am 1:. 3); W. wikl~ype; T. C-JIT 
substitutioa (29. 34). Electrophoresis was pcrionDed at 6°C as described for the 
other fipres. The sequcnc:e of the SUB IIIIIDiioa iD lhe UP elemenr ol rmB PI 
is (-S9) S'-GACTGCAGTGGTACCTAGG-3 ' (-41) (3). 

The functional role of the phased AT -tracts in the -40 to -60 
region was addressed by disruping the AfT -tracts with 
substitution mutations without changing the A+ T content. The 
T -traa 11 -41 to -43 and the A-ttact ar -44 to -46 (top strand 
sequences provided in Figure 6) 'A-et"e altered with a double 
substitution (T -43A, A -44n. In a separate experiment. the 
-54 to -57 A-tract was disrupted with a single substitution, 
A-SST. The mutant promoters (\\ith rmB endpoints of -88 
to + 1) were fused to lacZ and insened into the bacterial 
chromosome as monolysogens of bacteriophage lambda. The 
activities of these fusions are sho\\'n in Table 3, compared to 
a fusion with the wild type proiDO(tf with the same endpoints. 
The A.lT -tract mutations reduce transcription only 1.3 to 1.6 fold, 
implying that the continuous runs of A or T residues do not 
account for the 30-fold effect of tbe UP element. 

Altered DNA structure from a mutation at -37 

We have reported previously thal a mutation at position -37 
(C-3IT) reduces rmB P 1 proiDO(tf activity 10-20 fold, but 
that substitution of an A or G residue at this position reduces 
activity only 2-3 fold (29, 34). \\'"e speculated that the large 
allele-specific effect of the T substinnion might result DO( from 
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-150 -uo -uo -!2: -no -100 -to -eo -10 -6o 
1\ I I : I I I I I I 

AGC'TCOAACAATTATTGCCCGTTTTACACCc:TTAC~~~AGGC"tGAn:TGC:f1'aMTCTTGCGCGCTCACAAAATTA 
I 
T 

-so -40 -JO -2c -10 +1 +10 •20 •lo •40 
I I I ; I I I I I I 
TTTTAAATTTCCT~GCAA~~.-:fATMFGCCACCACTCACACGGA~Aa:CCAAACACGCCCCCCCCTCAGCCIGCGTTCTCCTC 

U I L+ 
TA T 

~ 6. DNA sequence of the rmB PI region [from (33)]. The three AS Sites are iDdicaled above the sequence. the UP element is indicalcd belovo· the sequence 
as a broken line. the -10 and - 3S hexamers are boxed. and me 0'3D5Cription swt site is indicated by an arrow. The substitutions described in the text • posibons 
-37. -43. -44. IDd -ss are also indicaled. 

the importance of the wild type C residue to promoter function, 
but from the creation of a series of four . T residues in phase with 
another T traa upstream, which might result in a bend tha1 might 
be detrimental to promoter function in vivo. 

In order to tesl this hypothesis, we compared the mobility of 
the prom<l(er fragment containing the wild type -88 to + 1 region 
with that of the same promoter fragment containing the C-3Tf 
mutation at position -37. As shown in Figure 5. tbe fragment 
containing the C-3Tf mutation ('T') migrates differently from 
that oootaining tbe wild type promoter region. Wbedler or· not 

this alteration in Sb'Ucture actually is responsible for the defect 
in promoter acti\ity of course remains to be determined. Since 
the C-3TI promoter fragment migrates more like that containing 
the SUB mutation, the newly created Aff tract may be out of 
phase with other Aff tracts io the fragment. The resulting bends 
in opposing directions might then cancel overall effects on 
mobility. 

DISCUSSION 

Using permuted sets of restriction fragments carrying different 
portions of the rmB PI promoter and its upstream sequences we 
were able to localize a major structural aoomaly, most likely a 
bend, centered around position - 100. This conclusion agreed 
with the results of other electrophoretic analyses of the rrnB 
promoter region [Table 1 and (1)], and with conclusions based 
on the electropboretic behavior of fragments cootaining linker 
scanning mutations in tbe upstream sequence (9). However, this 
bend is unlikely to play a prominent role in rmB PI transcription, 
since it is upstream of the sequences responsible for UP element 
function, grov.'th rate dependent regulation, or stringent control 
of this promoleT (1. 3, 35, 36 and C.A.Josaitis and R.L.Gourse, 
unpublished results). Likewise, the bend is upstream ofFIS Site 
I, which accounts for the majority of AS-mediated activation 
(1). h is conceivable, however, tha1 the bend a1 about - 100 could 
have a role in mediating the small effects on tranSCription 
activation attributable to FIS Sites ll and m. 

Two methods used to estimate the intrinsic bend angle resulted 
in a range of values from 80- 108 o. Both methods rely on cenain 
problematical assumptions [see ( 17, 37) 1, but the presence of the 
upstream region gives DNA fragments a K \'alue equivalent to 
that expected from the presence of four to six phased ~ tracts. 
Figure 6 shows that there are five A (or T)-tracts 3bp or more 
in length (at -81. -92, -104, -113, and -134) in tbe vicinity 
of the ~nd center. Other sequences could add to the degree of 
curvature obseo·ed, and/or anomalies in struc:ture in addition to 
bending could also contribute to the observed retarded 
electrophoretic mobility. Nevertheless, the position of the bend 

Table 3. Expression of fusions with A tract mutations 

wild type 
T-43A A-44T 
A-SST 

4970 * 140 
38SO * 1n 
3030 * 192 

8Promocer-locZ fusions are dcscnbcd in the text. 
~units. Under comparable c:onditioos, the SUB muwioa dimjnarinr UP 
~ functioo reduces ~-galactosidase activity more lhan JO.fold (3). 

does not correlate with the region responsible for transcription 
activation, and as a result, we have not attempted to extend the 
structural analysis further in order to resolve these questions. The 
estimate of the bend angle, but not the bend position, should thus 
be regarded as tentative. 

The region upstream of -60 in each of the seven rm operons 
contains multiple phased Aff tracts which might be expected to 
lead to unusual electropboretic mobility (21) [see (38) for 
sequences 1. However, the phased Aff tracts are DOl in exactly 
the same position as those tha1 generate the bend cemmd at about 
-100 in rmB, nor are they uniformly positioned relative to the 
core promoter. Therefore, their function, if any, remains 
unlcnown. 

Fragments containing at least a portion of the rmB UP element 
but without the - 100 region exhibited a slight degree of aberrant 
electrophoretic mobility (R values less than or equal to 1.1, which 
is less than or equal to the deviation expected from tbe presence 
of two phased AfT tracts under our conditions). A muwion at 
~ition -37 which creates aT -tract increased the elecuopbotetic 
mobility of an rmB Pl promoter fragment slighdy, funber 
indicating that a subtle, non-standard DNA structure probably 
exists in this region. 

Three point mutations disrupting the Aff tracts in the wild type 
UP element had only small effects on transcription activity. 
Therefore, if the Aff tracts are responsible for the small degree 
of curvature associated with this region, either the mutations do 
llOl affect this curvature, or the curvature plays little role in the 
30-fold increase in transcription resulting from UP element 
function. On the other hand, either displacement of the UP 
element by non-integral portions of a helical tum (6, 29, 34) or 
creation of an additional T tract with a T substitution at position 
-37 (29, 34) severely decreases promoter activity. Thus. correct 
positioning of the RNAP alpha subunit (which binds to the UP 
element) relative to the sigma subunit (which binds to tbe -10 
and - 35 hexamers) most likely plays a major role in promoter 
activity (2). The sequern m1 structural determinalls responsible 
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for interaction of the RNA polymerase alpha subunit with the 
-40 to -60 region and thus for UP elementiunction are under 
investigation. Although a high degree of Intrinsic curvature 
appears ncx to PlaY a role in this interaction, it is certainly possible 
that binding of alpba may be facilitated by subtle structural 
distortions determined by the DNA sequence. 

In summary, although the obvious intrinsic curvature in the 
rmB P 1 upstream region is often cited as an example of the effects 
of DNA beDding oo transcription, apparently this bend plays little 
or no role in FIS-depeodent activation, UP element function, or 
in core promoter sttength, which together account for tbe high 
activity of rRNA promoters. 
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