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Abstract 

As a highly active plant viral promoter that is able to function in a wide variety of cell types, the cauliflower 
mosaic virus (CaMV) 35S promoter has the potential for harboring a plant enhancer element. We tested this 
possibility and demonstrated that a 338 base pair fragment isolated from the region upstream of the 35S TATA 
box can increase the expression of a low-activity heterologous promoter up to the level observed for the intact 
35S promoter. This fragment is fully active in both orientations when placed 150 base pairs upstream of the 
transcription start site. However, the activity of this fragment is sensitive to location, demonstrating a reduction 
in activity and loss of orientation-independent function when the distance from the transcription start site 
is increased. By assaying fragments of different sizes, we have also characterized regions that are functional 
in directing the stimulation of the heterologous promoter. 

Introduction 

The promoter that drives the expression of the 35S 
RNA of cauliflower mosaic virus (CaMV) has been 
isolated and used to express heterologous RNAs in 
cells of both dicots and monocots including tobacco, 
petunia, soybean, carrot, maize, and rice [1, 5, 14, 18, 
20]. It is highly active in both transient expression 
systems and stably transformed plant cells, showing 
up to a 30-fold higher level of expression than the 
nopaline synthase promoter [15, 22]. The nopaline 
synthase (NOS) promoter is derived from the 
Agrobaeterium tumefaeiens Ti-plasmid, and is com- 
monly used to express the bacterial neomycin phos- 
photransferase II coding region to confer kanamycin 
resistance for the selection of transformed plant 
cells. The only other promoters found to have activi- 
ty as high as that of the 35S promoter in transformed 
plants are those from genes for the chlorophyll a /b 

binding protein and the small subunit of ribulose 
bisphosphate carboxylase (rbcS), which are both tis- 
sue-specific and highly regulated by light [3, 10]. 

DNA elements that are responsible for the high 
light induction of two rbcS genes in leaves have been 
identified [3, 25]. These have been called enhancer- 
like elements due to their abilities to confer high- 
level expression on low-activity promoter fragments 
when placed in either orientation in a proximal 5' 
location (-145 or -46). One element was tested in 
a 3' location and found to be ineffective [25], in- 
dicating that it does not have all of the properties of 
previously described enhancers. The prototype en- 
hancer, having orientation-independent activity at a 
distance greater than 1 kilobase (kb) 5' or 3' to the 
transcription start site, was first identified in highly 
expressed animal virus promoter regions such as in 
the SV40 early promoter region [12], suggesting that 
the CaMV 35S promoter region might harbor a simi- 
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lar type of element. 
Previous 5 '  deletion analysis of  the 35S promoter, 

carried out in stably transformed tobacco calli and 
plants, identified the region with boundaries of  
- 343 and - 4 6  as containing sequences required for 
high expression [18]. In this report we show that this 
sequence region is able to stimulate expression of the 
low-activity NOS promoter, and we further test it for 

properties ascribed to a true enhancer [7]. Within 
the -105 to - 4 6  region of  this 35S promoter  se- 

quence are some interesting features including a 

CAT box, an inverted repeat, and a sequence with 
homology to the SV40 core enhancer [18]. In this 
report we analyze further the functions of  these se- 
quence features by deletion and by placing isolated 
fragments in conjunction with the NOS promoter. 

Constructions were made which separate the CAT 
box from the SV40 core enhancer homology se- 

quence and interrupt the inverted repeat. To elimi- 
nate the problem of  variation among independent 

transformants bearing the same gene construction 
that is encountered with stable transformants [10, 
16, 19], we used a protoplast transient expression as- 
say system. Stable transformants were also generated 

and assayed to extend some of our results to the 
whole plant level. 

Materials and methods  

Plasmid  construct ions  

A pBR322-based plasmid containing a 296 base pair 

(bp) Sau 3A-Pst I nopaline synthase (NOS) promoter  
fragment, followed by a unique Hind III  restriction 

site and then a 702 bp BamH I-Cla I NOS polyadeny- 
lation signal sequence region fragment, was kindly 
provided by N. Yadav. A chloramphenicol 
acetyltransferase (CAT) coding region was added by 
first cloning a 974 bp Sau 3A fragment (blunted) 

from pBR325 into the blunted Sal I site of  pGEM2 
in the orientation such that the polylinker Hind III  
and BamH I sites are 5 '  and 3 '  to the coding region, 
respectively. Then the Hind I I I -BamH I CAT frag- 

ment was placed adjacent to the NOS promoter  
resulting in a NOS-P-CAT-NOS 3'  chimeric gene 

(Fig. 1A). A 35S-P-CAT-NOS 3 '  chimeric gene was 
constructed by replacing the NOS promoter  with a 

960 bp EcoR I-Hind III  fragment containing 35S 
promoter  sequences that has been described [14]. A 
338 bp Acc I -Hga I fragment containing sequences 
between - 392 and - 55 of  the 35S promoter was gel- 

purified, blunted, and cloned into several sites (after 
blunting) surrounding the NOS-P-CAT-NOS 3 '  
gene. These sites as shown in Fig. 1A, with each dis- 
tance from the NOS transcription start site, are: 1) 
Sst II at -150,  2) BamH I at +1000, and 3) Sal I 
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Fig. 1. (A) Diagram of the plasmid containing the NOS-P-CAT-NOS 3' chimeric gene construction. The triangle marks the NOS-P tran- 
scription start site. The arrow indicates the coding orientation of the CAT fragment. The dot marks the polyadenylation site. Relevant 
restriction sites mentioned in the Materials and methods are labeled. (B) Diagram of the same construction with the Clal fragment contain- 
ing the NOS-P-CAT-NOS 3' chimeric gene inverted, and the 338 bp AccI-Hgal fragment from the 35S promoter region inserted in the 
SalI site in the forward orientation. 



at + 2 300. Single, and in some cases double, inserts 
were obtained and the orientation of  each insert de- 
termined by restriction digests, making use of  the 
EcoR V site located at - 9 0  in the insert. 

In plasmids with inserts at Sst II, Sal I, or with no 
insert, the Cla I fragment containing the NOS-P- 
CAT-NOS 3' gene was inverted, an example of which 
is shown in Fig. lB. This inversion places the Sal I 
insert now at - 1200. The inversion of  the Cla I frag- 
ment in the plasmid with the Sst II site insert acts as 
a control for possible effects of adjacent plasmid se- 
quences on the NOS promoter expression. Inversion 
of the Cla I fragment in the clone with no insert 
again acts as a control and also now places the 5' 
Cla I site at - 580 and the EcoR V site at - 740. The 
Acc I-Hga I fragment was added to these sites and 
the number and orientation of  each insert was deter- 
mined. A summary of the resulting clones is shown 
in Fig. 3A. 

Other fragments were cloned by blunt-end ligation 
into the blunted Sst II site at -150. These include 
1) a 303 bp Acc I-EcoR V fragment with sequence 
between -392  and - 9 0  of the 35S promoter, 2) a 
76 bp Xmn I-Hga I fragment with sequence be- 
tween -130 and - 5 5  of the 35S promoter, and 3) 
a 182 bp Pvu II-Xho I fragment with sequence be- 
tween - 2 7 0  and - 8 9  of  the SV40 early promoter. 
Fragment 1) was oriented by the Xmn I site at - 130, 
fragment 2) by the EcoR V site at -90 ,  and frag- 
ment 3) by the Sph I sites at - 128 and - 200. A dia- 
gram of these fragments is shown in Fig. 4A. Also 
shown in Fig. 4A is a 5' deletion of of  the 35S pro- 
moter retaining sequences to -90 ,  that was con- 
structed by dropping out the EcoR I-EcoR V re- 
gion. 

Transient expression assay 

Soybean protoplasts were prepared from Glycine 

m a x  L. Merr. cv. Wye or Williams 82 cotyledons 
and DNA was introduced by electroporation as 
previously described [14]. Tobacco protoplasts were 
prepared from Nicotiana tabacum cv. Xanthi by the 
method of  Nagy and Maliga [17], as modified by 
Potrykus and Shillito [21]. DNA was directly in- 
troduced into tobacco protoplasts in the following 
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manner, which is based on methods of Krens et al. 

[131 and Shillito et al. [24]. After a 5 min protoplast 
heat shock at 45 °C, DNA was introduced by mixing 
1 - 3  million protoplasts per sample with 10/~g/ml 
plasmid DNA, 50/xg/ml sheared calf thymus DNA, 
and 13% PEG (PEG 8000, Sigma) for 10 min. The 
PEG was then diluted 10-fold by addition of  H medi- 

um [21] and protoplasts were incubated in the dark 
at 25 °C for three days. 

Protoplasts were collected by centrifugation and 
lysed in 0.2 ml of  CAT assay buffer (50 mM sucrose, 
0.1 M Tris pH 8, 1 mM DTT, and 0.1070 ascorbic acid) 
by sonication. Protein concentrations were deter- 
mined using the Bio-Rad reagent and an equal 
amount of protein from each sample (varying be- 
tween 8 and 16/~g for separate experiments) was as- 
sayed for CAT activity according to Gorman et al. 

[6] as modified by Herrera-Estrella et al. [9], except 
that the reaction contained 0.1 mM acetyl CoA and 
1 /zCi laC-chloramphenicol and was incubated for 
1 h. Each gene construction was assayed at least 3 
times and duplicates of  treated protoplasts were car- 
ried through each assay. In all figures each set of con- 
secutively numbered samples represents one experi- 
ment carried out on aliquots of  one protoplast 
preparation. TLC plates on which acetylated 14C- 
chloramphenicol reaction products were separated 
from the ~4C-chloramphenicol substrate were 
scanned for radioactivity counts using an AMBIS 
Beta Scanning System (Automated Microbiology 
Systems, Inc.). Total reaction products were calculat- 
ed as a percent of the total input counts to compare 
activities of different constructions. 

Stable transformation 

Tobacco protoplasts were prepared and treated with 
plasmid DNA as described above. Following incuba- 
tion in the dark for 3 days and in the light for 4 days 
at 25 °C, liquid cultures of protoplasts were embed- 
ded in agarose (BRL Ultra Pure) and cultured as 

described by Shillito et al. [23, 24], using 50 mg/l  
kanamycin for selection of  transformants. After 5 
weeks kanamycin-resistant calli were placed either on 
a callus maintenance medium containing MS salts, 
300/0 sucrose, 1 mg/L  NAA, 0.2 mg/L  BAP, and 
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0.8% agar or on a shoot induction medium contain- 
ing MS salts, 10 g sucrose, 1 mg/L BAP, and 0.8% 
agar. Differentiated shoots were placed on rooting 
medium containing MS salts, 10 g sucrose, and 0.8% 
agar, and following rooting were transferred to soil. 
All media contained 100 mg/1 kanamycin. 

For CAT assays on calli, 40 independent trans- 
formed calli containing the same gene construction 
were pooled. Following grinding at a ratio of  1 g cal- 
lus per 0.2 ml CAT assay buffer, the protein concen- 
tration was determined and CAT activity assayed as 
described above. CAT activity was assayed similarly 
in different tissues of  individual transgenic plants. 
From plants that were 25 - 30 cm tall, counting from 
the top of  the plant, leaf 2, 4, 6, an.d 8, an upper stem 
segment, a lower stem segment, and a root sample 
were ground in CAT assay buffer and assayed as 
described above. 

Results 

Test for a transcription-stimulating fragment 

To determine whether the 35S promoter contains a 
sequence that can act to increase transcription from 
a heterologous promoter, the effect of an isolated 5 '  
fragment on the expression of  chloramphenicol 
acetyltransferase (CAT, EC 2.3.1.28) activity from a 
NOS-P-CAT-NOS 3' (NOS promoter, CAT coding 
region, and NOS polyadenylation signal region) chi- 
meric gene was assessed. A 338 bp Acc I-Hga I frag- 
ment that extends from -392  to - 5 5  with respect 
to the 35S RNA transcription start site, extending to 
the boundaries of DNA sequence previously shown 
to include information important for 35S promoter 
activity by a 5'  deletion analysis [18], was chosen. 
This fragment was placed in the Sst II site located 
at -150 of the nopaline synthase promoter, as 
described in Materials and methods (see Fig. 1A). 
The gene construction with the chimeric promoter, 
the control with no insert, and one with the NOS 
promoter replaced by the entire 35S promoter (35S- 
P) were introduced into tobacco or soybean pro- 
toplasts and their activities assessed by CAT enzyme 
assays. Results in Fig. 2A show that the addition of  
the 338 bp 35S fragment increased the level of CAT 

activity as compared to that expressed from the un- 
altered NOS promoter. The stimulated activity is 
equal to the level observed from the intact 35S 
promoter-driven CAT, which is generally 5-fold 
higher than NOS promoter-driven CAT activity in 
these assays. The 338 bp fragment was equally effec- 
tive in soybean and tobacco protoplasts (also see 
Fig. 4B, lanes 1, 2, 7, 8). A control plasmid with the 
35S promoter inverted (53S) next to the CAT gene 
showed only background CAT activity, indicating 
that the CAT activity is dependent upon the promot- 
er present in the chimeric gene. 

To extend our observation to a stably transformed 
system the same gene constructions, with a NOS-P- 
neomycin phosphotransferase II-NOS 3' kanamy- 
cin selection marker added to the plasmids, were in- 
troduced into tobacco protoplasts. Following selec- 
tion on kanamycin, 40 independent transformed 
calli carrying the same construction were pooled and 
assayed for CAT activity, to average out any varia- 
tion between individual transformants. The same 
stimulation of  CAT activity due to the presence of 
the 338 bp 35S fragment, that was observed in the 
transient expression system, was seen in stably trans- 
formed calli (Fig. 2B). In this experiment the 338 bp 
fragment was found to function equally well when 
placed in either orientation. Individual plants 
regenerated from independent calli containing the 
same gene construction showed variable CAT activi- 
ties, but an average again indicated the same result 
observed for calli and transient protoplast expres- 

sion (data not shown). To insure that the addition of 
the 35S fragment did not alter the transcription start 
site, the 5'  ends of the transcripts expressed in trans- 
genic plants from the NOS promoter and from the 
NOS promoter with the 338 bp fragment insert, were 

compared by RNase protection of a riboprobe ex- 
tending 5'  to the normal transcription start site and 
found to be identical (data not shown). 

To determine whether the 338 bp 35S fragment 
directs expression from the NOS promoter equally 
throughout the plant, as previously observed for the 
intact 35S promoter, CAT activities were assayed in 
leaf 2, 4, 6, 8 (from the top of the plant), upper stem, 
lower stem, and root extracts of several plants carry- 
ing each chimeric promoter construction. Though 
there were slight variations in activities in some tis- 
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Fig. 2. (A) CAT enzyme assays on soybean protoplast transient expression extracts. Arrows mark the reaction products. Protoplasts 
received plasmids containing the CAT gene with the following promoter constructions: Lane 1) carrier DNA only; 2) 35S-P; 3) NOS-P; 
4) NOS-P with 338 bp fragment in forward orientation at - 150; 5) 35S-P in reverse orientation (53S). (B) CAT enzyme assays on transformed 
tobacco callus extracts. Callus is carrying the CAT gene with the following promoter constructions: Lane 1) carrier DNA only; 
2) NOS-P; 3) 35S-P; 4) NOS-P with 338 bp fragment in forward orientation at - 150; 5) NOS-P with 338 bp fragment in reverse orientation 
at -150. (C) CAT enzyme assays on transgenic tobacco plant tissues. Lanes 1-7 are samples from a plant carrying the CAT gene and 
the NOS-P with the 338 bp fragment inserted in the forward orientation at -150. Lanes 9-15 are samples from a plant carrying the 
CAT gene and the NOS-P with the 338 bp fragment inserted in the reverse orientation at -150. Samples are from leaf 2, 4, 6, 8, upper 
stem (S-l), lower stem (S-2), and root as labeled. Lane 8 is a control untransformed tobacco leaf extract. 

sue extracts, the CAT activity level was generally 

similar t houghou t  each plant .  CAT activities in 

representative plants  are shown in Fig. 2C. 

Tests for  enhancer properties 

The 338 bp f ragment  shown above to be equal ly ef- 

fective in either o r ien ta t ion  in stably t ransformed 

tobacco cells, was also equally active in bo th  or ienta-  

t ions when assayed in tobacco protoplast  t ransient  

assays (Fig. 4C, lanes 5 - 8 ) .  Since or ien ta t ion  

independence  is one property of  enhancers,  we test- 

ed this f ragment  for other  enhancer  properties by 

placing it in other posi t ions with respect to the NOS 

t ranscr ip t ion  start site. The f ragment  was cloned in 

sites located at - 580, - 740, - 1200, + 1000, and  

+ 2 300 (Fig. 3A). Since these cons t ruc t ions  are pres- 

ent in a circular plasmid,  each site also has the fol- 

lowing posi t ion:  +6030,  +5870,  +5410,  - 5 6 1 0 ,  
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Fig. 3. (A) Diagram of the CAT chimeric gene showing the different sites where the 338 bp fragment was inserted. P stands for the NOS-P 
and 3' stands for NOS 3 '. The triangle marks the transcription start site for the NOS promoter. The square marks the polyadenylation 
site. Below are listed the insertions tested: F = forward insert, R = reverse insert, × 2 = double insert. (The doubles have both fragments 
in the same orientation.) (B) CAT enzyme assays on tobacco protoplast transient expression extracts. Protoplasts received plasmids contain- 
ing the NOS-P-CAT gene with the 338 bp fragment inserted in the following locations: Lanes 1) no insert; 2) forward at -150; 3) reverse 
at +2300; 4) forward at +2300. (C) CAT enzyme assays on tobacco protoplast transient expression extracts. The percent of the total 
14C-chloramphenicol that is present in the acetylated products is given for each CAT assay sample. Protoplasts received plasmids contain- 
ing the NOS-P-CAT gene with the 338 bp fragment inserted in the following locations: Lanes 1, 2) no insert: 4o/0, 4°/0; 3, 4) forward at 
-150: 15o70, 18o/o; 5) forward at -580: 17.5°/o; 6, 7) reverse at -580: 7.50/0, 6.5%; 8, 9) double forward at -580: 19°7o, 16.5°/o; 10, 11) 
forward at -740: 15.50/o, 13%; 12, 13) forward at - 1200: 8.5°70, 9.5%; 14, 15) reverse at - 1200: 8%o, 70/0; 16, 17) double reverse at - 1200: 
80/0, 10%o; 18, 19) forward at +1000: 10%, 12°/o. 

a n d  - 4 3 1 0 ,  respect ively.  These  m o r e  d i s t an t  pos i -  

t ions  p r o b a b l y  p l ay  no  ro le  due  to  t he  f o l l o w i n g  

results .  A t  - 5 8 0  the  f r a g m e n t  is still fu l ly  ac t ive  in 

the  f o r w a r d  o r i e n t a t i o n ,  bu t  has  o n l y  t w o - f o l d  

s t i m u l a t i o n  in t he  reverse o r i e n t a t i o n  (Fig.  3C). Two 

cop ies  o f  t he  inser t ,  b o t h  in t he  fo rwa rd  o r i e n t a t i o n ,  

do  n o t  increase  t he  ac t iv i ty  over  t ha t  seen  wi th  o n l y  

o n e  f o r w a r d - o r i e n t e d  copy. T h e  f r a g m e n t  has  a 

3 .5- fo ld  s t i m u l a t i o n  at - 7 4 0 ,  a n d  o n l y  2 .5- fo ld  

s t i m u l a t i o n  at  - 1 2 0 0 .  T h e  reverse o r i e n t a t i o n  at 

- 1200 has  a 2 - fo ld  s t i m u l a t i o n .  D o u b l e  reverse f rag-  

m e n t s  at  - 1200 show a s l ight  increase  over  a s ingle  

reverse inser t ,  up  to  2 .5- fo ld  s t i m u l a t i o n ,  t he  s a m e  

level o f  s t i m u l a t i o n  as f r o m  the  s ingle  f o rwa rd  inser t .  



At + 1 000 the stimulation level is 3-fold, and at 

+ 2 300 the stimulation remains detectable, but low 

(Fig. 3B). The orientation of  the chimeric CAT gene 

within the plasmid had no effect on its level of  ex- 
pression as tested for the NOS-CAT-NOS 3 '  con- 
struction and the NOS-CAT-NOS 3 '  construction 
with the 338 bp insert at -150  (data not shown). 

Sequences involved in stimulation activity 

Fragments smaller than the 338 bp fragment used in 
the above studies were tested for their abilities to 
stimulate the NOS promoter  in attempts to more 

specifically define the active sequence. Effects of  a 
303 bp fragment extending from - 3 9 2  to - 9 0  and 
a 76 bp fragment extending from -130  to - 5 5  (see 

Fig. 4A), each located at - 150 of  the NOS promot-  
er, were assessed in transient CAT assays. The 303 bp 
fragment in the forward orientation has a stimula- 

tion reduced to 3-fold, while in the reverse orienta- 
tion its activity is further reduced to 1.5-fold 
(Fig. 4C). The stimulation level of  the 76 bp frag- 

ment is 2-fold, with the reverse orientation down to 
1.5-fold, and there is little effect of  duplication. 

To determine whether the 2-fold reduction in ac- 
tivity observed between the 338 bp ( - 3 9 2  to -55 )  
and 303 bp ( - 3 9 2  to - 9 0 )  fragments can be ac- 
counted for by sequences downstream from -90 ,  a 
5 '  deletion of  the 35S promoter that retains the se- 
quences to - 9 0  (Fig. 4A) was assayed. This deleted 

35S promoter  has only the activity level of  the NOS 
promoter  (Fig. 4C) suggesting that the region be- 
tween - 9 0  and - 55 by itself does not raise the level 
of  activity, but rather acts in conjunction with se- 
quences 5 '  to -90 .  

As a direct assay of the possible function of the 
SV40 "core enhancer" sequence that lies between 

-106  and - 9 4  in the 35S promoter, a 182 bp frag- 
ment containing both copies of  the SV40 72 bp 
repeat enhancer ( - 2 7 0  to - 8 9  with respect to the 
SV40 early promoter  transcription start site) and 
therefore including 2 copies of  the SV40 core en- 
hancer, was placed at -150  of the NOS promoter. 
This insert did not stimulate the NOS promoter  as 
assayed by CAT activity in either tobacco or soybean 
protoplasts (Fig. 4B). 
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Discussion 

The 35S promoter  is a viral promoter  with very high 
activity in a wide range of heterologous systems, and 
we have found that it contains a sequence able to 
stimulate transcription from a heterologous promot- 
er. Properties of  a 338 bp fragment of  this promoter  
are enhancer-like and also show similarities to those 
described for the upstream activation sites (UASs) of  
yeast genes [8]. The fragment is more sensitive to 
orientation and position than the prototype en- 
hancer example: the SV40 enhancer. The 338 bp 
fragment from the region 5'  to the 35S-P TATA box 

can stimulate expression of the heterologous NOS 
promoter  up to the level of  the full, intact 35S pro- 
moter and it is effective when placed in both orienta- 
tions at -150. This activity was observed in both 
tobacco and soybean protoplasts, and in transgenic 
tobacco plants where the 338 bp fragment directed 

the same pattern of  non-specificity in plant organ 
expression as does the intact 35S promoter. The nor- 

mal transcription start site for the NOS promoter 
was not altered by the addition of  the 35S fragment. 
The ability of  this fragment to function, however, is 
very sensitive to position, showing a reduction in ac- 
tivity when moved further 5 '  or placed 3 '  to the cod- 

ing region. Even at - 5 8 0  it loses its orientation 
independence. The much lower activity of  the frag- 
ment in reverse at - 580, when the forward orienta- 
tion is fully active at this location and the reverse 

orientation is fully active at -150, suggests that a 
functional region near the 3 '  end of this fragment 
cannot act fully over the greater distance created by 

inversion. 
The low activity of  the inverted fragment at - 580 

argues against the possibility that the stimulation of 
the NOS promoter  could be due to a distancing of  
negative regulatory sequences present in the NOS 

promoter or adjacent plasmid DNA. In this reverse 
construction all sequences are distanced the same as 
in the forward, highly active construction. Also the 
inactivity of  the SV40 insert at -150  supports the 
conclusion that it is specifically the 35S fragment se- 
quence that stimulates the NOS promoter expres- 
sion. Results reported by Ellis et al. [2] during the 
preparation of this manuscript show that a 35S pro- 
moter region fragment, which is equivalent to our 
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Fig. 4. (A) Diagram of the 35S promoter region showing the different fragments tested for transcription stimulation activity. Line A marks 
the SV40 core enhancer homology sequence, line B marks the CAT box sequence, and lines C mark the inverted repeat sequence. The 
triangle marks the transcription start site and the square marks the translation termination codon for the upstream gene VI coding region. 
(B) CAT enzyme assays on tobacco protoplast transient expression extracts. Protoplasts received plasmids containing the CAT gene with 
the following promoters: Lanes 1, 2) 35S-P; 3, 4) NOS-P with the SV40 enhancer inserted at -150; 5, 6) NOS-P; 7, 8) NOS-P with the 
338 bp fragment inserted in the forward orientation at - 150; 9) carrier DNA only. (C) CAT enzyme assays on tobacco protoplast transient 
expression extracts. The percent of the total 14C-chloramphenicol that is present in the acetylated products is given for each CAT assay 
sample. Protoplasts received plasmids containing the NOS-P-CAT gene with the following fragments inserted at -150: Lanes 1, 2) not 
the NOS-P but a -90  deletion of the 35S-P: 5°/0, 4.507o; 3, 4) no insert in NOS-P: 4o7e, 4o/o; 5, 6) 338 bp in the forward orientation: 18o70, 
17°/0; 7, 8) 338 bp in the reverse orientation: 23o7o, 23°70; 9) carrier DNA only: 1o70; 10, 11) 303 bp in the forward orientation: 14o70, 13°'/0; 
12, 13) 303 bp in the reverse orientation: 5o70, 6o7o; 14, 15) 76 bp in the forward orientation: 6o70, 8o70; 16, 17) 76 bp in the reverse orientation: 
5o70, 6%; 18, 19) 2 copies of 76 bp: 5o70, 7O7o. 

303 bp  f r a g m e n t ,  c an  raise t he  express ion  o f  t he  

m a i z e  a l c o h o l  d e h y d r o g e n a s e  gene  p r o m o t e r  in 

t o b a c c o  cells  w h e n  p l aced  at  - 1 4 0 .  Th i s  resul t  p ro-  

v ides  an  e x a m p l e  o f  a s e c o n d  h e t e r o l o g o u s  p r o m o t e r  

t h a t  r e sponds  to  s equences  o f  t he  35S p r o m o t e r .  

T h e y  a lso r e p o r t e d  tha t  a f r a g m e n t  f r o m  the  up-  

s t r eam p r o m o t e r  r eg ion  o f  t he  o c t o p i n e  syn thase  

gene  can  s t imu la t e  express ion  o f  t he  a l c o h o l  de-  



hydrogenase promoter when placed in either orien- 
tation at - 140. It will be interesting to see whether 
this transcription stimulating fragment has the same 
limitations that we have found for the 35S transcrip- 
tion stimulating fragment. 

Fragments tested that are smaller than the 338 bp 
fragment have reduced activity indicating the 
removal of  sequences required for maximum func- 
tion. Since the 76 bp fragment that includes the 
SV40 "core enhancer" sequence, inverted repeat, 

and CAT box sequence has reduced activity, se- 
quences 5'  to -130 are also functional. This result 
is in agreement with the previous deletion analysis 
[18] and exemplifies the compact nature of  the 
CaMV genome. The coding region that lies upstream 
of the 35S transcription start site ends at - 97 [4] and 
therefore must overlap the active 35S promoter se- 
quence by over 33 bp, indicating a dual-function 

DNA sequence. 
The removal of 35 bp from the 3'  end of the 

338 bp fragment, which disrupts the inverted repeat 
( -103 to -57 )  and deletes the CAT box but retains 
the "core enhancer" sequence, reduces activity. This 
result, together with the finding that the - 9 0  dele- 

tion retaining the CAT box but only a portion of the 
inverted repeat does not provide the lost increment 
of activity, suggests that the intact inverted repeat 
does play a role in transcription stimulation. Our 
finding that the SV40 enhancer, which includes two 
"core enhancer" sequences, is inactive in tobacco 
and soybean protoplasts indicates that the "core en- 
hancer" sequence alone cannot stimulate transcrip- 
tion in plant cells. Since the "core enhancer" se- 
quence lies mainly within one arm of  the inverted 
repeat, its function may relate to other sequences, 
possibly the other arm of the inverted repeat. This 
type of  relationship of the "core enhancer" sequence 
in the SV40 enhancer, with other sequences within 
the enhancer region, has been shown to occur [26]. 
The SV40 "core enhancer" sequence is necessary but 
not sufficient for function of the SV40 enhancer in 
animal cells. 

The protoplast transient expression system was 
used for these assays to eliminate the problem of  
variability in expression of the same construction 
that has been observed between independent stable 
transformants [10, 16]. The 35S promoter has been 
shown to be highly susceptible to this phenomenon 
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[19]. The low variability in our duplicate experimen- 
tal samples establishes the reliability of  our transient 
assay system. We did find a smaller differential in the 
activities of  the 35S and NOS promoters in this sys- 
tem than has been described in stable transforma- 
tion systems [15, 22]. This observation could be ex- 
plained by a limitation of transcription or 
translation factors in our protoplasts, but the rela- 
tive levels of  expression of  our promoter construc- 
tions would not be affected. The inability of  multiple 
copies of  stimulating fragments to raise expression 
above that directed by a single copy cannot be due 
to limiting factors, since the expression level in the 
cases of the 303 bp and 76 bp fragments is well be- 
low that from the intact 35S promoter. During the 
preparation of this manuscript Kay et al. [11] report- 
ed that duplication of a region in the 35S promoter 
that is equivalent to our 303 bp fragment did in- 
crease expression from the 35S promoter in stable 
transformants. Whether this conflicting result is due 
to their use of  a homologous promoter system versus 
our heterologous promoter system, or to the assay 
system: stable versus transient, will need to be re- 
solved. 

To determine whether the transcription-stimula- 
tion activity of  the 35S promoter upstream fragment 
is due to the binding of  a trans-activating factor, we 
are now carrying out competition experiments using 
the transient protoplast assay system. Protein bind- 
ing studies that we are undertaking will detect DNA 
sequences involved in protein interactions, and we 
expect these to include the inverted repeat sequence 
as well as a sequence 5'  to -130. In summary, the 
338 bp fragment residing between -392  and - 5 5  

with respect to the 35S transcription start site can be 
used to raise the level of  expression of a heterologous 
promoter up to the high level expressed from the in- 
tact 35S promoter. However, this fragment is sensi- 
tive to position and must be located within about 
500 bp of the transcription start site for full activity. 
The cloning manipulations required to add this 35S 

transcription-stimulating fragment to a heterolo- 
gous promoter will generally be more simple than 
those required to exchange a gene's endogenous pro- 
moter with the entire 35S promoter, making this sys- 
tem useful for increasing the expression of 
promoters or coding regions under investigation. 
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