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High mobil ity group (HMG) pro teins are among the most 

abun dant non-his tone chro mo somal pro teins, pres ent at lev-

els ca. 106 per nucleus. HMGB1 is a canon i cal HMG pro tein that 

binds strongly to cru ci form or bent DNA and has been impli cated 

in a vari ety of nuclear func tions such as tran scrip tion, DNA repair, 

recom bi na tion and chro ma tin fiber assem bly [1,2]. Due to its high 

copy num ber in mam ma lian cells, HMGB1 has been con sid ered a 

nuclear house keep ing prod uct. How ever, HMGB1 has been shown 

to be a key com po nent of alter nate cel lu lar path ways that medi ate 

neu ro nal dif fer en ti a tion, stem cell recruit ment and innate immu-

nity; cur rent research focuses on defin ing the role of HMGB1 as a 

pro-inflam ma tory cyto kine [3].

HMGB1 has a tri par tite struc ture, con sist ing of two HMG box 

sub units (A and B) together with an acidic C-ter mi nus (Fig. 1A). 

Each box sub unit pos sesses a char ac ter is tic global fold of three 

a-heli ces arranged in an L-shaped struc ture [2]. Each HMG box is 

com posed of a con served sequence of »80 amino acids that are 

rich in basic, aro matic and pro line res i dues typ i cally pres ent in 

DNA-bind ing pro teins [1]. Indi vid ual boxes of HMGB1 bind weakly 

to duplex DNA but strongly to bent and dis torted DNA struc tures 

such as four-way junc tions (4WJs), super-coiled and cis platin mod-

i fied DNA [4,5]. We have shown pre vi ously that recombinant HMG 

pro teins con tain ing tan dem HMG boxes, arranged in either an AB 

or BA align ment, bind 4WJ DNA with higher affin ity than indi vid-

ual HMG boxes [6].

While HMGB1 is a well-estab lished DNA-bind ing pro tein, its 

role in alter nate cel lu lar path ways is not fully char ac ter ized, rais-

ing the pos si bil ity that HMG pro teins may inter act with a wider 

vari ety of nucleic acid sub strates. For exam ple the canon i cal HMG 

pro tein, HMGD, binds strongly to dou ble-stranded regions of two 

HIV-1 reg u la tory RNA struc tures: the trans ac ti va tion response 

region (TAR) and the Rev bind ing pro tein ele ment (RBE) [7]. Other 

DNA-bind ing pro teins have been reported to inter act with RNA as 

well. The tumor sup pres sor p53 has also been found to bind RNA in 

a sequence-non spe cific man ner that pro motes RNA–RNA anneal-

ing [8].

To explore the role of RNA bind ing in the potential func tions of 

HMGB1, we have inves ti gated the non spe cific bind ing inter ac tions 

of recombinant HMGB1 pro teins with unfrac tion ated E. coli tRNA. 

We found no evi dence for inter ac tion in the case of tRNA, so we 

turned next to longer branched RNA spe cies, includ ing 5S, 16S and 

23S E. coli rRNA’s. Exper i ments using labeled junc tion DNA as a 

probe revealed com pe ti tion with each of these RNA’s. Fig. 2 shows 

the data for 5S rRNA. Elec tro pho retic mobil ity shift (EMSA) and cir-

cu lar dichro ism (CD) bind ing assays indi cate that HMGB pro teins, 

HMGB1b and HMGB1ab, bind 5S rRNA with high affin ity. To detect 

func tional con se quences of HMG inter ac tions with branched RNA, 

we tested the effect of HMG bind ing on the RNA splic ing activ-

ity of the group I intron ribo zyme from Az oar cus pre-tRNAIle (L-3). 

Bind ing of rHMGB1b to the ribo zyme sig nifi  cantly reduces its RNA 

cleav age activ ity. Taken together, our data sug gest that HMGB1 

inter acts with branched RNA spe cies and thus may play a role in 

RNA pro cess ing.
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The high mobil ity group pro tein HMGB1 is a highly abun dant chro mo somal pro tein known to inter act pref er-

en tially with DNA that is branched, bent or otherwise struc tur ally altered. Bio log i cally the pro tein is thought 

to facil i tate pro moter attach ment by tran scrip tion fac tors. Recently, how ever, HMGB1 has been shown to 

have bio log i cal roles beyond that of an archi tec tural DNA-bind ing pro tein. Here we inves ti gate the bind-

ing inter ac tions of recombinant HMGB1 pro teins with two branched RNA’s E. coli 5S rRNA and the group I 

intron ribo zyme from Az oar cus pre-tRNAIle. Using com pet i tive elec tro pho retic mobil ity and cir cu lar dichro-

ism bind ing assays, we show that HMGB pro teins bind both sub strates with high affin ity. We also report that 

a recombinant rat HMGB pro tein, rHMGB1b, inhib its RNA cleav age by the ribo zyme. These results raise the 

pos si bil ity that HMGB pro teins pos sess struc ture depen dent RNA bind ing activ ity and can mod u late RNA pro-

cess ing as well as tran scrip tion.
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Mate ri als and meth ods

HMGB1 pro tein con structs. HMGB1b and HMGB1b/R26A (R26A), 

were expressed from the HMGB1b/pHB1 clone that was kindly 

pro vided by S.J. Lipp ard (Depart ment of Chem is try, Mas sa chu setts 

Insti tute of Tech nol ogy). The ala nine replace ment muta tion of 

R26A was intro duced using the Kun kel method [9]. The di-domain 

pro tein, HMGB1ab, was cloned and inserted into the pGEX-4T-3 

vec tor as described pre vi ously [6]. Recombinant HMG pro teins 

were expressed, puri fied and char ac ter ized by meth ods described 

pre vi ously [6]. H1 and core his tone pro teins were kindly pro vided 

by Greg Bow man (T.C. Jen kins Depart ment of Bio phys ics, Johns 

Hop kins Uni ver sity).

4WJ for ma tion. The 4WJ, J1, was the DNA sub strate employed in 

com pet i tive EM SAs (Fig. 1B) [10]. Oli go nu cleo tide 101 was radi o-

la beled at its 59 ter mi nus with [c-32P]ATP using T4 poly nu cle o tide 

kinase. The radi o la beled strand (101) was puri fied with a Bio-Spin 

6 col umn (Bio Rad). J1 was annealed by mix ing the radi o la beled 

strand (1 0 1) with a 5-fold excess of the unla beled oli go nu cle o-

tides in 50 mM Tris–HCl (pH 7.5)/10 mM MgCl2. The mix ture was 

lyoph i lized and sus pended in anneal ing buffer: 50 mM Tris–HCl 

(pH 7.5) and 10 mM MgCl2, incu bated for 2 min at 90 °C and cooled 

to room tem per a ture.

5S rRNA E. coli. 5S rRNA (120-nt) was pur chased from Sigma–

Aldrich. 5S rRNA stock sam ples were diluted in 10 mM Tris–HCl 

(pH 7.5), 0.1 M NaCl and 1 mM MgCl2 before use.

(L-3) Az oar cus Ribo zyme. The (L-3) Az oar cus ribo zyme was 

prepared as pre vi ously described [11]. The ribo zyme was engi-

neered by delet ing the first two nucle o tides of the intron and the 

last two guano sines (G205 and G206) at the intron’s 39-end. The 

nucle o tides U4, U5 and U6 were mutated to G4, G5 and C6, respec-

tively. The ribo zyme tran scripts were gel puri fied and resus pended 

in 10 mM Tris–HCl (pH 7.5) and 0.01 mM EDTA before use.

Elec tro pho retic mobil ity shift assays (EM SAs). Radi o la beled J1 

(12.5 nM) was incu bated with HMG pro teins in the absence and in 

the pres ence of com pet i tor RNA. Each reac tion mix ture was incu-

bated in bind ing buffer: 20 mM Tris–HCl (pH 7.5), 100 mM NaCl, 

1 mM MgCl2 and 10% (w/v) glyc erol in a final vol ume of 20 ll on ice 

for 30 min prior to load ing onto 15% poly acryl amide gels in 0.5£ 

TAE [20 mM Tris ma (pH 8.0), 8 mM ace tate, 0.1 mM MgCl2) at 4 °C 

for »3.5 h. Gels were dried and ana lyzed using a Storm Phos phor-

Im ag er.

Cir cu lar dichro ism mea sure ments. Cir cu lar dichro ism (CD)  spec tra 

were recorded using an AVIV 202 spec trom e ter (Aviv  Asso ci ates, 

Lake wood, NJ). RNA-HMG bind ing inter ac tions were deter mined 

by record ing the change in the CD spec trum of each RNA. Each RNA 

(1.0 lM) was incu bated on ice for 30 min with each HMG pro tein 

(10 lM) in bind ing buffer: 20 mM HEPES, 30 mM NH4Cl, 0.2 M KCl, 

2 mM DTT, 0.5 mM MgCl2 and 10% glyc erol at 4 °C. CD spec tra were 

mea sured in a 0.1 cm path-length quartz cuvette and col lected 

from 305 to 200 nm in 0.5 nm incre ments at 4 °C.

Ribo zyme cleav age assays. Details of ribo zyme cleav age assays 

pre sented in Sup ple men tary data [11,12].

Results

Com pet i tive Elec tro pho retic Mobil ity Assays

Com pet i tive gel shift assays were con ducted to detect bind-

ing of HMG pro teins to the cog nate DNA sub strate, J1, in the pres-

Fig. 1. (A,B) Schematic rep re sen ta tion and NMR struc ture of recombinant HMG box pro teins. HMGB1a and HMGB1b struc tures cor re spond to PDB coor di nate files 1aab and 

1hme. (C) Schematic of the four-way junc tion DNA, J1. (D) Sec ond ary struc ture of E. coli 5S rRNA. (E) Schematic of the group I pre-tRNAIle ribo zyme, fig ure is mod i fied from 

the model pre sented by Cech [27].
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