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The high mobility group (HMG) proteins represent a class of chromosomal non-htstone proteins with an assumed mfluence on transcriptton. In 
this context. the effect of the maize HMGa protein on reporter gene expression was examined. Transient co-transformation experiments in maize 
protoplasts with plasmid constructs directmg the synthesis of the maize HMGa protem and with a luctferase reporter plasmid demonstrated a 
stimulatory effect of the HMGa protein on the reporter gene expresston. Additional experiments with HMGa deletion constructs mdtcated that 
the HMG-Box DNA-binding motif is important for the observed effect, while the acidic carboxy-terminal domain of the HMGa protein appears 

to be dispensable. 
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1. INTRODUCTION 

High mobility group (HMG) proteins represent a 
family of small and abundant non-histone proteins as- 
sociated with eukaryotic chromatin, which have been 
implicated in replication and transcription, although 
their exact biological function is still unclear [l]. In 
plants, HMG proteins have been described from wheat 
[2], barley [3], maize [4], soybean [5]. pea [6] and Arabi- 
clopsis h&zna [7]. In the case of wheat and barley, 
HMG proteins have been shown to be associated with 
transcriptionally active chromatin [8.9]. Furthermore, 
an in vitro binding of several plant HMG proteins to 
A/T-rich stretches of the 5’ flanking region of various 
genes has been demonstrated [5,10-121 together with a 
preferential binding of the maize HMG proteins a and 
b to the CCAAT- and TATA-Boxes of the zein storage 
protein gene, pMS1 [13]. The amino acid sequence of 
the maize HMGa protein, the largest of the four major 
maize HMG proteins, was deduced from the respective 
cDNA and displays structural features of the vertebrate 
HMGl family, such as an HMG-Box DNA-binding 
domain and a highly acidic carboxy-terminal region 

u41. 

formed in maize protoplasts. Constructs directing the 
expression of HMGa were co-transformed with a lucif- 
erase reporter plasmid. resulting in an approximately 
2-fold stimulation of luciferase expression. 

2. MATERIALS AND METHODS 

2.1. Construction of plasmids 

Towards an elucidation of a possible in vivo function 
of this maize HMGa protein, we analyzed its effect on 
gene expression in transient transformation assays per- 
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DNA manipulations were carried out by standard procedures [15]. 
The first step towards obtaining the HMGa-expressing effector con- 
structs was the preparation of the expression vector, pEx-SK/KS, by 
deleting the luctferase coding region from the plasmtd, plucA (a deriv- 
ative of plasmid pDW2 [16] in which the chloramphemcol acetyltrans- 
ferase gene has been replaced by the luciferase gene) by cutting with 
HindIIIIBamHI, making blunt-ends and inserting the blunt-ended 
SacIlKpnI multiple cloning site (MCS) of the plasmid pBluescript-SK 
(Stratagene) in both orientations leading to the expression vectors, 
pEx-SK and pEx-KS, with the MCS between the CaMV 3% promoter 
and the 35s terminator. HMGaa cDNA constructs were then excised 
from pBluescript-SK [14] and inserted mto the MCS of pEx-SK/KS. 
The complete HMGa coding region was excised with BanrHIIApaI 
and the construct with the deletion of the acidic carboxy-termmus with 
PstI. In another construct the HMG-Box was deleted using the inter- 
nal DdeI sites at positions 162 and 391 [14], and the remaining frag- 
ments were re-ligated in frame. The resulting fragment was cut wtth 
BamHIIApaI and also inserted mto pEx-SK. The deletion constructs 
were sequenced. The reporter construct, pSPll76+ 1088 Luc (assigned 
here psh-Luc) (a derivative of plasmtd pRT 101 Luc [17] in whtch the 
CaMV 35s promoter was replaced by a fragment (position -1,176 to 
+1,088) of the maize shrunken-l gene containing the promoter regton) 
with the luctferase coding region under control of the maize shrunken 
(sh) promoter was obtained from Dr. W. Werr. Universitat Koln. 
Germany. All plasmids used for transient transformation assays were 
prepared usmg Maxtprep columns (Promega) accordmg to the manu- 

facturer. 

2.2. Preparation of protoplasts 
The BMS maize embryo cell suspension culture (derived from the 

variety ‘black mexican sweet’) was maintained on MS medium [18] 
supplemented with 0.2 mg/l 2.4-dichlorophenoxyacetic acid (2,4-D) 
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and 30 g/l sucrose as described previously [19]. 80 ml of gravity-packed 

cells were washed m P, buffer (50 mM CaC&, 10 mM sodium acetate, 
0.48 M sorbitol, pH 5.6) and resuspended in 200 ml P, buffer contain- 
mg 2% (w/v) cellulase Onozuka RS (Yak& Honsha, Tokyo) and 
0.01% (w/v) pectolyase Y23 (Seishin Pharmaceutical, Tokyo) and in- 
cubated in plastic Petri dishes at 28°C and 40 rpm for 323 h. After 
sequentially filtering through 250 pm and 60 pm nylon screens, proto- 
plasts were collected by centrifugation at 50 x g for 5 min and washed 
m P, buffer without enzymes. After repeating the centrifugation the 

protoplasts were washed in HBS electroporation buffer (10 mM 
HEPES (pH 7.2) 150 mM NaCI, 5 mM CaC&. 0.36 M sorbitol) and 
counted with a haemocytometer. After another centrifugatton the 

protoplasts were resuspended to 2 x 106/ml HBS. 

2.3. Electroporutm of protoplarrs 

The electroporation of the protoplasts was performed basically as 
described previously [20]. 1 ml of the protoplast suspension (2 x 10” 

protoplasts) was added to a 3 ml plastic cuvette (d = 1 cm) and cooled 
on ice. After adding 10 pmol of the test plasmids adjusted to 70 pug 
total DNA with pUC19 (50 ~1 total volume). the protoplasts were 
electroporated by discharging a 1.000 @F capacitor loaded to 350 V 
using platmum mesh electrodes. The protoplasts were left on ice for 
3 mm after which they were added to 9 ml of MS medium supple- 
mented with 0.2 mg/l 2.4-D. 30 g/l sucrose and 0.38 M sorbitol and 

incubated at 28°C for 20 h. 

The gene expression assays were performed essentially as described 
previously [19]. Briefly. transformed protoplasts were centrifuged 5 
mm at 60 x g. resuspended in 1 ml of ice-cold 0.1 M phosphate buffer, 
pH 7.8. contaming 1 mM dithtothreitol. and broken by 5 strokes in 
a Dounce homogenizer The extracts were centrifuged 5 mm at 
10.000 x g and 0.1 ml of the supernatants were assayed for luciferase 
activity with a luminometer (Berthold, Wildbad, Germany) by sequen- 
tially injecting 0.15 ml of 1 mM ATP and 0 15 ml of 0.5 mM d- 
luciferin, both dissolved m 14 mM MgCI,. 14 mM glycylglycine. pH 
7.8 [21], and integration of the luminescent output over 10 s. 

3. RESULTS 

Transient transformation assays in plant protoplasts 
represent a frequently used system for investigating the 
influence of different parameters on reporter gene ex- 
pression (e.g. [22,23]). In the case of co-transformation 
assays the influence of a concomittantly synthesized 
gene product on reporter gene expression can be stud- 
ied. Such an approach was used here in order to study 
the effect of the maize HMGa protein on the in vivo 
expression of the luciferase reporter gene carried on 
another plasmid. Accordingly, the HMGa effector con- 
structs and the luciferase reporter construct were simul- 
taneously transformed by electroporation into proto- 
plasts derived from a maize BMS (black mexican sweet) 
suspension cell line [19] and the luciferase activity was 
determined 20 h later. 

The structure of the maize HMGa protein displaying 
an HMG-Box DNA-binding region and a highly acidic 
carboxy-terminal domain is shown schematically in Fig. 
1 A, while the structure of the various effector constructs 
containing HMGaxDNA sequences are depicted in 
Fig. 1B. In these constructs, the full length HMGa- 
cDNA [ 141 was placed under the control of the CaMV 
35s promoter [24] in sense (pEx HMGa+) or antisense 
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(pEx HMGa-) orientation or in truncated forms after 
deletion of the HMG-Box DNA-binding region (pEx 
HMGa-D) or the acidic carboxy-terminal domain (pEx 
HMGa-P). The CaMV 35s promoter used in these con- 
structs containing the enhancer and the TATA-Box [34] 
has proved to be a strong promoter in this system and. 
therefore, was appropriate to direct synthesis of the 
respective proteins. In the reporter construct. the lucif- 
erase gene was placed under the control of the maize 
shrunken (sh) promoter of the sucrose synthase gene 
[25] as shown in Fig. 1C. This promoter is active in 
kernels, roots and shoots of the maize plant [25]. 

As shown in Fig. 2 co-transformations of the reporter 
construct with the HMGa effector constructs contain- 

A) Scheme of the maize HMGa protein 
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Fig. 1. Structure of the HMGa protein and schemes of effector- and 
reporter plasmid constructs. (A) Schematic representation of the 
structure of the maize HMGa protein, including the locahzation of the 
restrictton enzyme sites used at the cDNA level for generating the 
construct with the deletion of the actdic domain (P = PstI) and the 
deletion of the HMG-Box (D = D&I). (B) Schematic representation 
of the effector plasmtd constructs. The expresston vector pEx has the 
complete CaMV 35 S promoter and 35 S terminator. pEx HMGa+ 
additionally has the HMGa-cDNA m the sense and pEx HMGa- m 
the antisense orientation. pEx HMGa-P has the deletion of the acidic 
domain. and pEx HMGa-D has the deletion of the HMG-Box. (C) 
Schematic representation of the reporter construct. Within the re- 
porter plasmid. psh-Luc (= pSPll76+ 1088). the firefly luciferase gene 
is placed under the control of the maize shrunken (sh) promoter The 
arrows indicate the orientation of the HMGa-cDNA elements. Plas- 

mid constructs m B and C are not drawn to scale. 
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Fig. 2 Luciferase expression in transient co-transformation assays, 
The bars of the histogram represent the mean luminescence of 10 
transformations with the indicated standard deviatton. pLuc0 repre- 
sents transformattons with the promoterless luciferase control con- 
struct. psh-Luc represents transformations of the reporter construct 
alone, while the other experiments are psh-Luc co-transformattons, as 

indicated. 
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ing the full-length cDNA in the sense orientation led to 
an about 2-fold higher luciferase expression (psh- 
Luc + pEx HMGa+) in comparison to the control co- 
transformations with the insertless expression vector 
(psh-Luc + pEx). A comparable result was obtained in 
co-transformation experiments with the effector con- 
struct missing the acidic domain (psh-Luc + pEx 
HMG-P); however, the effector construct without the 
HMG-Box DNA-binding region (psh-Luc + pEx 
HMG-D) does not reveal an influence on luciferase 
activity, which was also the case with the antisense con- 
struct (psh-Luc + pEx HMG-). Further control experi- 
ments with the promoterless reporter construct (pLuc0) 
or with the reporter construct transformed alone with- 
out co-transfection with an effector plasmid (psh-Luc) 
showed the expected behavior. It should be mentioned 
that every transformation set comprising all constructs 
was repeated three times with independent protoplast 
preparations, and that ten transformations were meas- 
ured of each of these assays. 

4. DISCUSSION 

The maize HMGa protein belongs to the vertebrate 
HMGl family which is conserved among various eukar- 
yotic organisms such as plants, insects or yeast [26]. 

Several in vitro transcription experiments indicate a 
stimulatory role of these proteins in gene transcription 
[27,28]. In yeast cells, however, HMG protein fusion 
constructs did not elevate reporter gene expression in 
vivo [29]. In contrast to the vertebrate HMG1/2 pro- 
teins, which bind through their HMG-Box domains 
preferentially to single-stranded or cruciform DNA 
[30,31], several plant HMG proteins, including the 
maize HMGa protein, have been shown to bind in vitro 
to distinct A/T-rich stretches of double-stranded DNA 
occurring in the S-flanking region of plant genes [5,10- 
131. We now extended these studies by an vivo analysis 
of the influence of the maize HMGa protein on gene 
expression, taking advantage of the commonly used 
transient co-transformation assays. 

Despite high endogenous levels of the HMGa protein 
an about 2-fold stimulation of luciferase gene expres- 
sion could be observed in the presence of additionally 
synthesized HMGa protein. In the case of the related 
vertebrate HMGl/2 proteins the occurrence of about 
lo6 molecules per cell has been estimated leading to 
approximately one HMGl or HMG2 protein for every 
15 nucleosomes. assuming equal distribution of the pro- 
teins [32]. The observed stimulatory effect of the intact 
HMGa protein on luciferase expression appears to be 
strictly dependent on the presence of the HMG-Box 
DNA-binding motif as demonstrated by the experi- 
ments using the construct missing this domain, while. 
interestingly, the acidic carboxy-terminal domain is 
without influence in these experiments. There is no inhi- 
bition of luciferase gene expression by the HMGa anti- 
sense construct which may be due to the potential stabil- 
ity of the endogenous HMGa protein during the 20 h 
of the transformation assays, which would be consistent 
with the half-life of about 55 or 90 h observed for verte- 
brate HMGl proteins [33,34]. 

Based on the presented data we cannot decide conclu- 
sively what level of gene expression is influenced by the 
HMGa protein. The observation of the binding of this 
protein to A/T-rich stretches within the 5’ flanking re- 
gion of a zein storage protein gene [ 10.131, together with 
the inability of the HMGa constructs lacking the HMG- 
Box DNA-binding domain to stimulate luciferase gene 
expression in the transient co-transformation assays 
presented here, may indicate a transcriptional effect. 
While being in agreement with in vitro data obtained 
with vertebrate HMGl/Z proteins [27,28], more work is 
clearly needed to further substantiate these findings. 
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