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The interaction between nucleic acids and Escherichia coil H-NS, an abundant 15 kDa histone-like protein, has been 
studied by affinity chromatography, nitrocellulose filtration and fluorescence spectroscopy. Intrinsic fluorescence studies 
showed that the single Trp residue of H-NS (position 108) has a restricted mobility and is located within an hydrophobic 
region inaccessible to both anionic and cationic quenchers. Binding of H-NS to nucleic acids, however, results in a change 
of the microenvironment of the Trp residue and fluorescence quenching; from the titration curves obtained with addition 
of increasing amounts of poly(dA)-poly(dT) and poly(dC)-poly(dG) it can be estimated that an H-NS dimer in 1.5 x SSC 
binds DNA with an apparent Ka" 1.1 x 104 M -~ -bp-L H-NS binds to double-stranded DNA with a higher affinity than 
the more abundant histone-like protein NS(HU) and, unlike NS, prefers double-stranded to single-stranded DNA and 

DNA to RNA; both monovalent and divalent cations are required for optimal binding. 

Bacterial chromatin; Protein-nucleic acid interaction; Fluorescence spectroscopy 

1. I N T R O D U C T I O N  

Various lines of  evidence suggest that DNA- 
binding proteins, functionally similar to histones, 
m a y  play an important  role in the structural 
organizat ion of  the bacterial nucleoid (review 
[1-3]).  Among  these proteins the most  abundant  is 
NS (HU).  This is predominantly a tetramer com- 
posed o f  two types of  subunits (NS1 and NS2), 
each of  approx.  9 kDa, for which extensive spec- 
troscopic,  biochemical and genetic characteriza- 
t ion data are available [1-6].  In addition to NS, 
several other DNA-binding proteins have been 
reported.  One of  these, H-NS, is an abundant  
( - 2 0 0 0 0  copies/Escherichia coli cell), neutral (p I  
= 7.3), heat -s table  protein with a molecular mass 
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of  15.4 kDa [7]. It  is likely that  H-NS corresponds 
to the 17 kDa protein B1 found by Varshavsky et 
al. [8] in a 1:2 molar  ratio with B2 (i.e. NS, HU) 
every 1 5 0 - 2 0 0 b p  of  DNA in the bacterial 
nucleoid; H-NS is also perhaps related to one of  
the proteins (Hla ,  H l b ,  H l c )  reported by Spassky 
et al. [9] to cause inhibition of  transcription and a 
strong condensation of  D N A  without unwinding 
it. The pr imary structure of  H-NS has been 
elucidated and found to consist o f  136 amino acid 
residues [10]. Owing to a very strong hydrophobic 
protein-protein interaction, H-NS exists 
predominant ly  as a dimer even at very low concen- 
trations (___ 10 -9 M); however, at higher concentra- 
tions ( - 1 0  -4 M), presumably comparable  to its 
intracellular concentration, H-NS can form 
tetramers [10]. The hns gene encoding H-NS has 
recently been identified by reverse genetics, cloned, 
sequenced and mapped  at 6.1 min on the E. coli 
chromosome [11]. Like eukaryotic histones, H-NS 

Published by Elsevier Science Publishers B. V. (Biomedical Division) 
00145793/88/$3.50 © 1988 Federation of European Biochemical Societies 197 



Volume 229, number 1 FEBS LETTERS February 1988 

has no  aff ini ty  for hydroxyapat i te ,  increases the 
the rmal  stability of  D N A  and  inhibi ts  t ranscr ip t ion  
([71 and  unpubl ished) .  

In  the present  paper  we have characterized the 
in te rac t ion  between H-NS and  nucleic acids and  
compared  the nucleic acid b ind ing  properties of  H-  
NS with those of  NS. 

2. M A T E R I A L S  A N D  M E T H O D S  

2.1. Purification of H-NS 
H-NS was purified as described [10] starting from the 

30000 x g supernatant of E. coli MRE600 cells [12]. In short, 
this purification procedure involves ionic-exchange chromatog- 
raphy on phosphocellulose followed by CM cellulose and affini- 
ty chromatography on DNA cellulose and yields a protein 
homogeneous by several electrophoretic criteria [10]. 

/Y-mercaptoethanol. Fractions of 0.58 ml were collected and the 
radioactivity contained in 0.3 ml of each fraction was deter- 
mined by liquid scintillation counting. The elution profiles were 
aligned based on the conductivity values determined for the in- 
dicated fractions. 

2.3.2. Nitrocellulose filtration 
E. coli [14C]thymidine4abelled chromosomal DNA 

(650 cpm//zg) was incubated with purified H-NS in 0.3 ml of 
0.1 × SSC in the presence of monovalent and divalent cations 
as indicated. After 15 rain incubation at 37°C the samples were 
filtered through nitrocellulose (Millipore HA 0.45/~m) 
pretreated by soaking for 60 min at room temperature in a 
20 mM Tris-HCl, pH 7.2, buffer containing 100 mM KC1, 
5 mM MgC12, 1 mM NaEDTA, 5 mM ff-mercaptoethanol and 
50/~g/ml bovine serum albumin. Before use the filters were 
washed once with the same buffer containing no bovine serum 
albumin and then once with a buffer having the same composi- 
tion as that used in the binding reaction. 

2.2. Fluorescence spectroscopy 
Spectrofluorimetric measurements were carried out essential- 

ly as described by Steinh~iuser et al. [13] using an SLM 8000 DS 
spectrofluorimeter. The data were processed using a Hewlett 
Packard 9825 A computer with software kindly provided by Dr 
P. Woolley. 

Quenching titrations were carried out by adding increasing 
microliter amounts of a 1 M stock solution of either KCt, CsCI 
or KI (containing 20/~M sodium thiosulfate as stabilizer) to 
405/~1 of 10/~M protein solution. The signal of a reference- 
containing buffer and quencher was subtracted from each 
point. For comparative purposes, the quenching of a solution 
of NAcTrp-NH2 as a model for free tryptophan was deter- 
mined. The results were analyzed according to the Stern-Volmer 
equation [13]. For protein denaturation experiments the 
temperature of the sample was increased by 0.3 K/min in ap- 
prox. 5 K increments using a Haake PGI0 thermostat program- 
mer. Vertical and horizontal emission signals (Fvv and Fvn) 
were measured at an excitation wavelength of 295 nm. 

DNA titration experiments were carried out with a 
(monomeric) protein concentration of 10.3/zM in 320/~1 of 1.5 
x SSC (1 x SSC = 15 mM Na citrate, pH 7, 150 mM NaC1). 
Increasing amounts of poly(dA)-poly(dT) or poly(dC)-poly(dG) 
were added up to a maximum of 120/zg/sample. To minimize 
the internal filter effect due to the absorption of the polydeox- 
ynucleotides, excitation was performed at 306 nm with a band- 
width of 8 nm and the emission signal (Aem = 327 nm, 
bandwidth = 8 nm) was corrected for both dilution of the sam- 
ple and absorption at 306 nm. 

2.3. DNA binding experiments 

2.3.1. Affinity chromatography 
Pasteur pipettes were filled up to 2 cm with matrix-bound 

nucleic acids as indicated in the figures and equilibrated with 
20 mM Tris-HCl, pH 7.2, buffer containing 25 mM NaCI and 
5 mM ff-mercaptoethanol. Each column was loaded with ap- 
prox. 50/~g of H-NS or NS labelled in vitro under very mild 
conditions (pH 8.5) [14]. The Samples were applied to the col- 
umns in the above buffer and eluted with a 50 ml (25-700 mM) 
NaCI gradient in 20 mM Tris-HCI (pH 7.2) buffer containing 

3. R E S U L T S  

The  in terac t ion  between H-NS and  nucleic acids 
has been  studied by aff ini ty  chromatography ,  
ni t rocel lulose f i l t ra t ion and  fluorescence spec- 
t roscopy.  

3.1. Intrinsic f luorescence spectroscopy 
The intr insic  fluorescence emission spect rum of  

H - N S  is shown in fig.1. Subt rac t ion  of  the emis- 
s ion spect rum ob ta ined  when only  Trp is excited at 
295 n m  f rom that  ob ta ined  when Trp  and  Tyr  
residues are excited at 265 n m  yields the no rma-  
lized emiss ion spectra of  the three Tyr  residues 
(posi t ions 60, 96, 98) and that  of  the single Trp  
residue (posi t ion 108). The emiss ion m a x i m u m  of  
the lat ter  is considerably  blue-shif ted (327 nm)  
with respect to free t ryp tophan  (348 nm)  and  
undergoes  a progressive red shift as the 
t empera tu re  is increased; in  f ig .2A,B this effect is 
super imposed  on  the expected temperature-  
dependen t  decrease of  the fluorescence intensi ty.  
The  red shift begins a r o u n d  the physiological  
t empera tu re  (i.e. 35 o C) and  is vir tual ly complete  at 
65°C.  The fluorescence an i so t ropy  of  Trp-108 has 
a high value (0.15 at Aem = 340 nm)  in  the nat ive 
p ro te in  at physiological tempera ture  (30 -37°C)  
bu t  diminishes  as the tempera ture  is increased 
(f ig.2C,D).  The intr insic  Trp-108 fluorescence is 
also insensi t ive to the addi t ion  of  either cat ionic or 
an ion ic  quenchers  (fig.3A,B). 

T a k e n  together,  these results indicate tha t  
Trp-108 is si tuated in  an  in ternal ,  hydrophobic  
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Fig.1. Intrinsic fluorescence emission spectra of  H-NS. 
Fluorescence measurements  were carried out  at 20 + 0.2°C as 
described in section 2. Excitation was either at 265 or 295 n m  
as indicated, with a bandwidth o f  4 nm.  The emission 

bandwidth was 2 nm.  

region inaccessible to the quenchers and has a 
strongly restricted mobility. These properties are 
due to a tertiary or quaternary structure which un- 
folds or dissociates at approx. 60°C progressively 
exposing the tryptophan ring to the solvent and in- 
creasing its mobility. This conclusion is in full 
agreement with previous results of 1H-NMR spec- 
troscopy. In fact, f r o m  the linewidths and 
chemical shifts of the aromatic protons in the 
native protein and from the spectral changes ob- 
tained upon heating, it was concluded that the 
aromatic residues of H-NS are buried within the 
tertiary and/or quaternary structure of the protein 
and endowed with little mobility [2]. 

Addition of synthetic polydeoxyribonucleotides 
to H-NS decreases the intensity of the protein in- 
trinsic fluorescence; this effect is not accompanied 
by any alteration of the emission maximum. 
Saturation is reached at approx. 40 or 60°70 
fluorescence quenching upon addition of poly- 
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Fig.2. Thermal  denaturat ion of  H-NS moni tored by changes o f  Trp-108 fluorescence. (A) Emission spectra (Ae, = 295 nm) were 
recorded between 3 and  95°C at approx. 5°C intervals in 20 m M  Tris-HC1, pH 7.2, 500 m M  KCI, 0.5 m M  DTE. (B) The fluorescence 
intensities at Aem = 374 rim, indicated by the arrow in panel A,  are plotted against the temperatures at which they were recorded. (C) 
Trp  fluorescence anisotropy between 3 and  95°C. The t rough at - 3 2 0  n m  is due to a measurement  artifact. (D) Plot  o f  fluorescence 

anisotropy at  hem = 340 nm vs temperature.  The slight rise in anisotropy around 80°C can be attributed to protein aggregation. 
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Fig.3. Inaccessibility of Trp-108 to both cationic and anionic 
fluorescence quenchers. Stern-Volmer plots for acetyl- 
tryptophanamide (AcTrpNH2) (o)  and H-NS (o) quenching 
by (A) CsCl and (B) KI. F2/FI  = r2/r l  = 1 + Ksv[Q] = 1 + 
Kqr2[Q] where F2 and Fn  fluorescence with and without 
quencher, respectively; r, and r~, fluorescence lifetime with and 
without quencher, respectively; [Q], quencher concentration; 

Ksv, Stern-Volmer constant; Kq, coUisional rate constant. 

(dA)-poly(dT) (fig.4A) or poly(dC)-poly(dG) 
(fig.4B), respectively. From the titration curves 
and assuming that all the protein molecules are ac- 
tive in DNA binding, one can estimate that in 1.5 
x SSC at 20°C H-NS binds to DNA with an ap- 
parent Ka = 1.1 x 104 M -1 based on base pair con- 
centration. A qualitatively similar quenching effect 
was also observed upon addition of fragmented 
genomic E. coli DNA (not shown). In this case, 
however, possibly due to the heterogeneity of the 
DNA, the titration curves are irregular and cannot 
be straightforwardly evaluated. 

3.2. Affinity chromatography 
As seen in fig.SA, H-NS is eluted from columns 

containing cellulose-bound double-stranded DNA 
at a much higher salt concentration, thereby 
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Fig.4. H-NS-polynucleotides interaction monitored by 
fluorescence quenching. The fluorescence intensity of a 
10.3/~M solution of H-NS (monomer) in 0.32 ml of 1.5 x SSC 
was recorded before (100% signal) and after addition of the 
indicated amounts of (A) poly(dA)-poly(dT) and (B) 

poly(dC).poly(dG). Further details are givgn in section 2. 
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Fig.5. Affinity of H-NS and NS (HU) for dsDNA and of H-NS 
for different nucleic acids. (A) Elution of radioactive NS (e) 
and H-NS (A) from affinity-chromatography columns 
containing matrix-bound dsDNA. (B) Elution of H-NS from 
affinity-chromatography columns containing dsDNA (4),  
ssDNA (e), tRNA (m) and rRNA (o). The conductivity 
measured for the indicated fractions of each eluate are indicated 

by the corresponding open symbols. 

displaying substantially greater affinity for dsDNA 
than the better characterized histone-like protein 
NS (HU). The relative affinity of H-NS for various 
nucleic acids was also studied by comparison of its 
elution profiles from columns containing matrix- 
bound rRNA, tRNA, ssDNA or dsDNA. The af- 
finity of H-NS decreases in the order: dsDNA > 
ssDNA > tRNA > rRNA (fig.SB). This order of 
preference for nucleic acids is also at variance with 

200 



Volume 229, number l FEBS LETTERS February 1988 

1500 1 A 

~ 1000 

, I i I A I 
O0 8 16 2t, 

Protein added (IJg) 

' B f C + I~CI;~ 

8 16 2z, () 0.2 0.~ 0.6 
MgCt 2 (rnH) [NoCt] (HI 

Fig.6. H-NS-DNA interaction as monitored by nitrocellulose filtration. (A) Dose response curve of DNA binding by H-NS. 2.5/~g 
[14C]thymidine-labeUed E. coli chromosomal DNA (650 cpm//~g) were incubated with the indicated amounts of H-NS in 0.3 ml of 
0.1 x SSC containing 150 mM NI-hC1. (B) Effect of MgCI2 concentration on the retention of radioactive DNA by 3/~g H-NS. The 
binding was performed as in A, but without added NH4C1. (C) Effect of NaCI and MgC12 on the retention of DNA by H-NS. The 
binding conditions were the same as in B with the exceptions that the reaction volume was 0.4 ml and the NaC1 concentration was 

varied as indicated: (o) no MgC12 present; (e) 10 mM MgCI2 present. 

that  found for protein NS (HU) which was 
reported to bind better to ssDNA than to dsDNA 
and, overall, better to RNA than to D N A  [15]. 

3.3. Millipore filtration 
The retention of  radioactive D N A  on 

nitrocellulose filters by H-NS is linearly propor-  
t ional to the amount  of  H-NS added; saturation is 
reached at a p ro t e in :DNA ratio of  approx.  4 
(fig.6A) which corresponds to approx.  12 bp 
D N A / H - N S  dimer. This figure should represent 
the min imum estimated size of  the DNA binding 
site. Addit ion of  monovalent  and divalent cations 
(fig.6B,C) increases the retention of  DNA on the 
filters. In the presence of  8 mM MgCl2, op t imum 
binding is observed at about  300 mM NaC1; if 
Mg 2+ is omitted, however, the op t imum concentra- 
t ion o f  NaCl is shifted to higher values. 

4. DISCUSSION 

A structural and genetic characterization of  pro- 
tein H-NS f rom E. coli has been presented 
elsewhere [10,11]. It is very likely that  this protein 
corresponds to B1 found in association with 
bacterial chromatin [8] for which, however, a 
thorough characterization is lacking and to one of  

the three histone-like proteins H1 described by 
Spassky et al. [9]. Indeed, the sequence of  the first 
20 amino acids is the same for H-NS and H l a  
[10,16]. The latter, however, was found to ac- 
cumulate in stationary phase cells while H-NS is 
the only protein with similar properties which can 
be isolated f rom exponentially growing cells. We 
have no evidence, however, for the existence of  
related genes encoding proteins similar to H-NS 
[11]. 

The pr imary structure of  H-NS bears no 
resemblance to that  o f  the more  abundant  and so 
far  better studied 9 kDa histone-like proteins NS-1 
and NS-2 (HU) [10,17]. Here we have shown that 
H-NS binds more tightly to DNA than NS and, 
unlike the latter [15], prefers dsDNA to ssDNA, 
and D N A  to RNA. Furthermore,  we have found 
that ,  unlike that of  NS [7], binding of  H-NS to 
D N A  does not show any indication of  cooperativi- 
ty and is stimulated by magnesium as well as by 
monovalent  cations. 

As to the actual function of  H-NS in vivo, its 
properties described here as well as other 
characteristics to be reported in detail elsewhere 
(e.g. the inhibition of  transcription and increase of  
the thermal stability of  DNA) are compatible with 
a DNA-packaging function. 
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F r o m  the recovery  o f  H - N S  upon  pur i f i ca t ion ,  
we es t imate  tha t  each cell shou ld  con ta in  app rox .  
20000 copies  (i.e. 10000 dimers) .  Thus ,  with the  
b ind ing  site assumed  to  be 40 b p / d i m e r ,  the  
a m o u n t  o f  H-NS  in the  cell is ha rd ly  suff ic ient  to  
cover  10~70 o f  the  to ta l  genomic  D N A .  There fo re ,  
when  th ink ing  o f  a poss ib le  func t ion  o f  H-NS  in 
the  o r g a n i z a t i o n  o f  bac ter ia l  ch roma t in ,  one can  
hypo thes i ze  tha t  this p ro te in ,  which  has a h igher  
a f f i n i t y  for  D N A  than  NS (HU) ,  might  be respon-  
sible for  condens ing  po r t i ons  o f  the c h r o m o s o m e  
in to  t ight  cores  f rom which topo log ica l ly  indepen-  
den t ,  negat ive ly  supercoi led  doma ins  o f  D N A  m a y  
l o o p  ou t  [18]. Gene  rep lacement  exper iments  with 
m o d i f i e d  hns and  direct  in t race l lu la r  loca l i za t ion  
o f  the  p ro t e in  by  immune  e lec t ron  mic ro scopy  
shou ld  a l low us to  test  this hypothes is .  
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