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Abstract 

The major outer membrane protein of Haernophilus influenzae type b (Hib) is porin (M r 37,782; 341 amino acids). Porins 
were purified from Hib strains representative of the three outer membrane protein subtypes 1H, 2L and 6U, reconstituted into 
artificial planar bilayers, and tested for their voltage dependency. At membrane potentials of 50-80 mV, individual Hib 2L and 
6U porin channels showed a high probability of undergoing a reversible change to one of several lower conducting substates. 
Such behaviour was not observed for Hib 1H porin with transmembrane potentials up to 80 mV. The voltage dependence of Hib 
2L and 6U porins was asymmetric: it occurred at only one polarity. The asymmetry was also observed for membranes with 
numerous porins incorporated, suggesting that Hib porin inserted asymmetrically into the bilayer. At macroscopic levels the 
voltage gating reduced the conductance by 25-50%, implying that the channels closed only partially. Hib 2L porin differs from 
Hib 1H porin by the substitution mrg166Gln and Hib 6U porin differs from Hib 1H porin by substitutions at ten amino acids 
including the change mrg166Leu. We conclude that substitutions at mrg 166 residue, which is localized to surface-exposed loop 
number four, are associated with a lowered threshold potential for the voltage gating of Hib porin. This surface-exposed loop 
may play some role in the conformational changes that occur during voltage gating. 
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1. Introduction 

The outer  membrane  of Gram-negative bacteria 
shelters the cell from damaging agents such as antibi- 
otics, bile salts, lysozyme, lipases and proteases. The 
outer membrane  is an asymmetric bilayer: the outer 
monolayer contains lipopolysaccharides (LPS) as the 
major lipidic molecule and the inner leaflet contains 
phospholipids. By means of caa+-salt bridges, LPS 
molecules interact with other LPS molecules as well as 
with outer membrane  proteins (OMPs) to form a bar- 
rier against hydrophobic compounds [1]. To allow the 
passage of wastes and nutrients, the outer  membrane  
contains a class of proteins known as porins which 
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form water-filled t ransmembrane channels and which 
allow the diffusion of small hydrophilic compounds. 

Porin channels have been identified and charac- 
terized in a large number  of Gram-negative bacteria 
[2], as well as in the mitochondria and chloroplasts of 
eukaryotic cells [3]. Prokaryotic porins and eukaryotic 
porins have a secondary structure that is almost en- 
tirely/3-sheet, implying that these evolutionarily distant 
porins share the antiparallel /3-barrel  as a channel-for- 
ming motif. Molecular weight exclusion, ionic selectiv- 
ity, voltage dependency and other functional character- 
istics of porins have been studied by a variety of 
biochemical, electrophysiological and genetic tech- 
niques [3-5]. Reconstitution of E. coli porin and N. 
gonorrhoeae porin into artificial membranes  revealed 
that these porins form large channels having weak 
ionic selectivity. Reconstituted channels do not act as 
static filters. Rather,  in response to stimuli such as an 
increased membrane  potential, they show conforma- 
tional changes that result in a lowered channel conduc- 
tance. Although channel conductance is dependent  on 
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channel length and radius [3], the voltage-driven con- 
formational changes that result in a reduced channel 
conductance are thought primarily to affect channel 
radius. Complementing the functional information on 
porin is the recent determination to high resolution of 
the crystal structures of porins from E. coli [6] and R. 
capsulatus [7]. Combining the structural information 
with the functional information on E. coli porin has 
revealed the molecular basis of pore properties such as 
molecular weight exclusion and ionic selectivity. How- 
ever, determination of the crystal structures has not 
allowed the prediction of the channel dynamics in- 
volved in voltage gating [6]. Such a prediction would be 
facilitated by the identification of residues which, when 
mutated, result in an altered threshold potential for 
voltage gating. 

We previously showed that porin of Haemophilus 
influenzae type b (Hib) strain ATCC9795 (OMP sub- 
type 1H) has a molecular size exclusion limit for oligo- 
saccharides of 1400 Da [8] and that it forms channels 
that remain open at membrane potentials of 0-100 mV 
[9]. To explore the topology of Hib porin, we generated 
monoclonal antibodies (MAbs) against Hib porin [10] 
and using synthetic overlapping hexapeptides, we de- 
fined the primary epitopes to which the MAbs bound 
as stretches of 6-11 amino acids [11]. The folding 
pattern of Hib porin was predicted by calculating the 
hydrophobicity, amphiphilicity and turn-propensity of 
the primary sequence. Characterization of the MAbs' 
ability to recognize porin on whole cells was deter- 
mined by flow cytometry and provided supportive evi- 
dence for the orientation of some loops in the struc- 
tural model. 

To extend our analysis of the biophysics of Hib 
porin and to determine some structural basis for volt- 
age gating, porins from Hib strains representative of 
the three major OMP subtypes 1H, 2L and 6U were 
purified by fast protein liquid chromotography (FPLC) 
and reconstituted into black lipid membranes. The 
three species of Hib porins were analyzed for their 
conductance properties and compared for their voltage 
dependencies. We show here that the alteration 
Arg~66Gln, which entails the loss of a surface-exposed 
positive charge, resulted in an altered threshold poten- 
tial for the voltage gating of Hib porin. 

2. Materials  and methods  

2.1. Bacterial strains and growth conditions 

Three strains of Haemophilus influenzae type b were 
used in this study and they differ according to their 
OMP subtype: Hib ATCC9795 is OMP subtype 1H 
[8,10]; Hib strain MCH5539, a clinical isolate provided 
by Dr. K. Knowles, Montreal Children's Hospital, is 

OMP subtype 2L [11]; and Hib strain 1481 is OMP 
subtype 6U [11,12]. All strains were grown at 37°C on 
chocolate plates or in liquid media, brain heart infu- 
sion plus haemin (1.0/zg/ml) and NAD + (1.0 ~g/ml) .  

2.2. Isolation of  Hib porin 

Porins were purified from three strains of Hib that 
are representative of each of the three major OMP 
subtypes: 1H, 2L and 6U. Porins were extracted with 
cetyl trimethylammonium bromide (CTB) [8] from each 
of the three strains and purified by FPLC, as described 
by Srikumar et al. [10]. The purified porin preparations 
were quantitated using the bicinchoninic acid assay [13] 
and subjected to SDS-PAGE [14]. Silver staining for 
proteins [15] indicated that for all three Hib porin 
preparations the level of protein contaminants was less 
than 5% (Fig. 1). When these Hib porin samples were 
silver stained for lipooligosaccharides (LOS) by the 
procedure of Tsai and Frasch [16], LOS levels were 
quantitated at 50-100 ng of LOS per /zg of FPLC- 
purified porin. 

2.3. Biophysical assays 

Planar bilayer studies were completed using a modi- 
fication of the Mueller and Rudin technique [9,17]. 
Two teflon chambers were separated by a teflon foil 
having a thickness of 100 /zm and a small circular 
aperture of 600 /~m diameter. Lipid bilayers were 
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Fig. 1. SDS-PAGE of FPLC-purified porins from Hib of OMP 
subtypes 1H, 2L and 6U. The gel contained 13% acrylamide and was 
silver-stained for proteins. Lane M, molecular weight marker pro- 
teins indicated according to their molecular mass in kDa; lanes 1 and 
2, 50 and 200 ng of Hib 1H porin; lanes 3 and 4, 50 and 200 ng of 
Hib 2L porin; lanes 5 and 6, 50 and 200 ng of Hib 6U porin, 
respectively: 
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formed across this aperture with a solution of 2.5% 
glyceryl monooleate (Sigma) dissolved in n-decane. 
Formation of the bilayer was monitored through a glass 
window on the end of one of the compartments with a 
light source and a microscope. Bilayer formation was 
indicated by the membrane's turning optically black to 
incident light. The porin sample was added to the 
aqueous phase either before membrane formation or 
after the membrane had turned optically black. Con- 
ductance across the membrane was measured by a 
fixed transmembrane potential. A pair of Ag/AgCI 
electrodes was inserted into solutions of 1 M KC1 on 
both sides of the membrane. In all cases the cis-com- 
partment was held at virtual ground while transmem- 
brane potential differences were applied by the trans- 
electrode. An operational amplifier (Analog Devices, 
Norwood, MA; type AD 40K) was used in a current 
amplifier configuration such that the flow of Cl- ions 
could be recorded on a strip chart recorder. 

3. Results 

3.1. Single channel conductance experiments 

The ionic conductance properties of Hib 1H, 2L and 
6U porin channels were characterized using single 
channel conductance experiments. To the 1 M KC1 
solutions bathing the planar bilayer, porin was added 
at a final concentration of 1 ng/ml.  Shortly after the 
addition of porin to one or to both sides of the mem- 
brane, stepwise increases in membrane conductance 
were observed and were attributed to the spontaneous 
insertion of porins into the bilayer. With the trans- 
membrane potential held at 10 mV, the increases in 
membrane conductance were recorded until the con- 
ductivity rose beyond the range of the apparatus. The 
membrane was then reformed and further data were 
recorded. The amplitudes of the conductance steps for 
Hib 1H, 2L and 6U porins were measured, and the 
data are summarized as histograms (Fig. 2). Compared 
to our previous report on Hib 1H porin [9], an ex- 
panded scale for the abscissa is used here to illustrate 
the differences between the distribution of conduc- 
tance steps for Hib 1H, 2L and 6U porins. While Hib 
1H porin showed a relatively broad distribution of 
conductance steps, Hib 2L porin and Hib 6U porin had 
more than 40% of their conductance steps in the 
0.6-0.7 nS range. 

To obtain bilayers having only a single insertion, the 
conductance experiments were repeated at much lower 
concentrations of porin. The effects of voltage on sin- 
gle channels were measured. At potentials of 75 mV, 
Hib 1H porin channels remained open for long periods 
of time and any fluctuation in conductance had a 
lifetime of less than one second (Fig. 3A). At potentials 
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Fig. 2. Comparison of channel conductances as measured in planar 
bilayers for three Hib porins: 1H (panel A), 2L (panel B) and 6U 
(panel C). Conductance steps were recorded at a transmembrane 
potential of+ 10 mV and using 1 M KCI as the electrolyte. FPLC- 
purified porin at 2 /xg//~l in 50 mM Tris-HCl (pH 8.0), 0.1% 
Zwittergent Z-3,14 was diluted 500-fold into 50 mM Tris-HCl (pH 
8.0). Approximately 1 tzl, corresponding to 4 ng of porin, was added 
to the teflon chamber. The total number of conductance steps 
analyzed was as follows: panel A, 178; panel B, 218; panel C, 250. 
Conductance steps greater than 2.08 nS accounted for less than 5% 
of the total number of events and were not included in the analysis. 

greater than 50 mV, Hib 2L porin had a high probabil- 
ity of shifting to one of several lower conducting chan- 
nel substates (Fig. 3B). This change in conductance was 
fully reversible as shown by the fluctuations between 
different channel substates and by the return to the 
original conductance when the potential was shut off 
and then re-applied. Such a voltage effect was polarity- 
dependent and it occurred only at positive polarity. 
Voltage gating always resulted in only a partial reduc- 
tion of channel conductance. In two independent ex- 
periments, unique insertions of Hib 2L porin were 
obtained and they showed conductances of 0.8 and 0.9 
nS respectively. At high transmembrane potentials (85 
and 90 mV, respectively) both of these channels shifted 
to substates having conductances of 0.3 nS (data not 



D. Dahan et al. / Biochimica et Biophysica Acta 1189 (1994) 204-211 207 

A 

Current . ~ ~  

l 
Voltage _~-- 

+ 75 mV -75 mV 

~- 100 
r-- pA I 

3 0  sec 

B 

Current _ . ~  . . . . .  

Voltage ___a ~_.t-- t 1 f---" 

+75  mV +80 mV -100 mV 

Fig. 3. Effects of voltage on single channels. FPLC-purified porin at 
2 ~g/ /~l  in 50 mM Tris-HC1 (pH 8.0), 0.1% Zwittergent Z-3,14, was 
diluted 5000-fold into 50 mM Tris-HCl (pH 8.0). Approximately 1 gl, 
corresponding to 0.4 ng of porin, was added to the teflon chamber. A 
single insertion of either Hib 1H porin (panel A) or Hib 2L porin 
(panel B) into the bilayer was obtained under the influence of a 
membrane potential of 10 mV. Voltage steps were applied as indi- 
cated in the lower tracings. The insertion events for Hib 1H porin 
and Hib 2L porin both showed conductances of 1.4 nS. 

shown). Occasionally, insertions of Hib 2L porin having 
larger conductances were detected and these too 
showed only a partial reduction in conductance as a 
result of voltage gating (Fig. 3B). For the 1.4 nS chan- 
nel depicted in the tracing of Fig. 3B, channel sub- 
states having conductances of 0.8, 0.7, and 0.5 nS are 
distinguished. Further recording on this same channel 
demonstrated additional channel substates with con- 
ductances ranging from 0.8 to 0.2 nS. A total of 83 
current decrement events were measured for this chan- 
nel: 53 of these current decrement events involved 
changes in conductance of 0.1-0.2 nS; the rest of these 
current decrement events had magnitudes in the 0.5- 
1.0 nS range and showed equal distribution within this 
range. 

3.2. Macroscopic conductance 

Membranes that had stabilized with respect to porin 
insertions and that showed steady current levels were 
subjected to varying transmembrane potentials. Such 
experiments analyzed the effect of voltage at the 
macroscopic level. After membrane formation, porin 
was added to the c/s-side of the planar bilayer. Once 
the membrane had reached steady current levels with 
50-100 channels inserted, the membrane potential was 
shut off. The potential was then immediately re-ap- 
plied and the current was recorded: after 1-2 min, the 

membrane potential was returned to zero and then set 
to a new value in the range of - 80 to + 100 mV. The 
instantaneous current levels and the steady-state cur- 
rent levels after 1-2 min were measured and the data 
are expressed as current-voltage curves (Fig. 4). For 
Hib 1H, 2L and 6U porins, the instantaneous current 
flowing through the membrane responded linearly to 
the applied voltage and the current was symmetrical 
with respect to the polarity of the electric field. At 
voltages above 50 mV, and only at positive polarity, the 
instantaneous current relaxed to a lower steady-state 
value. For Hib 1H porin this relaxation resulted, at 
membrane potentials of +75 mV, in a steady-state 
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Fig. 4. Current-voltage relationships for membranes containing Hib 
1H porin (panel A), Hib 2L porin (panel B), or Hib 6U porin (panel 
C). The line joining open circles represents the instantaneous current 
response; the line joining closed circles represents the steady-state 
current reached 1-2 minutes after application of the membrane 
potential. Porin concentrations were the same as for Fig. 2. To allow 
for porin insertion from only one side of the bilayer, the bilayers 
were formed prior to the addition of porin to the front teflon 
chamber. Since additional insertion of porin sometimes occurred 
between the application of voltage steps, the data were fitted to an 
average of the instantaneous membrane conductance. Membranes 
containing Hib 1H porin, Hib 2L porin or Hib 6U porin showed 
average instantaneous conductances of 65, 39, and 30 nS, respec- 
tively. 
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current that was 5-10% lower than the instantaneous 
current (Fig. 4A). At the same applied voltage, Hib 2L 
and Hib 6U porins showed a steady-state current that 
was 35-45% lower than the instantaneous current (Figs. 
4B, C). With the membrane potential increased to 
+ 100 mV, the current across membranes containing 
either Hib 2L porin or Hib 6U porin did not relax to 
less than 50% of the instantaneous current. Polarity 
dependence of voltage gating for Hib 2L and 6U porins 
was not observed when porin was added to both sides 
of the membrane (data not shown). 

Recordings of the relaxation of current from the 
instantaneous level to the steady-state level are shown 
in Fig. 5. Relaxation times were voltage-dependent: the 

higher the voltage, the faster the relaxation time (Figs. 
5B, 5C). Relaxation was also fully reversible: when the 
potential was shut off momentarily and then re-ap- 
plied, the membrane returned to its original conduc- 
tance. Current relaxation occurred in a cascade of 
small steps. In order better to resolve the conductance 
amplitude of these closing steps, we obtained bilayers 
incorporating fewer than 20 porins. These bilayers were 
subjected to voltage steps of 50-85 mV and the con- 
ductance amplitudes of the ensuing channel-closing 
steps were calculated. The data are presented as his- 
tograms (Fig. 6). For both Hib 2L and 6U porins, most 
of these conductance steps were in the 0.8-1.2 nS 
range. 

A 

B 

cu_ _1 

Voltllge ~ 
+ 50 mV + 75 mV 

Ct~IMt _ ~  

Vdtage = 
-75 mV ÷ 75 mV 

2 nA 

60sec 

r 
-75 mV 

0.4 nA / 

+ 9 O m V  

Currant 

-80 mV + 60 mV + S0 mv + 40 mV 

Fig. 5. Current relaxation of membranes containing Hib porin. Volt- 
age steps were applied as indicated in the lower tracings and the 
current monitored such that individual conductance steps were re- 
solved during current relaxation to steady-state. Porin was added to 
the teflon chamber as explained in Fig. 4. Bilayers incorporating Hib 
1H porin (panel A), Hib 2L porin (panel B) or Hib 6U porin (panel 
C) showed instantaneous conductances of 65, 13 and 50 nS, respec- 
tively. 

4. Discussion 

Although the physiological significance of voltage 
gating of bacterial porins remains controversial [4], this 
report and many others [18-23] document the sensitiv- 
ity to voltage by these proteins which are isolated from 
the bacterial outer membrane. There is at present little 
understanding of changes in protein structure that can 
be induced by different applied voltages or of changes 
in amino-acid sequences that may affect voltage gating. 
The objective of this paper was to determine the volt- 
age sensitivities of three naturally occurring sequence 
variants of porins from Hib. Based on published DNA 
sequence data [24] and our confirmation of these se- 
quences, the ompP2 gene for Hib 2L porin differs from 
its 1H counterpart  by a single base pair, resulting in 
the amino-acid change Arg166Gln. The ompP2 gene for 
Hib 6U porin encodes a protein that differs from the 
two other porins by 10 amino acids, including the 
alteration mrg166 Leu. 

Following extraction of bacterial cells with CTB and 
FPLC-based purification of the three sequence vari- 
ants of Hib porins, an evaluation of the conformation 
of the porins was necessary. Our previous studies [8] 
measured the molecular weight exclusion limit that was 
attributed either to isolated outer membranes that had 
not been subjected to CTB, or to extracted and puri- 
fied porins. The experimental values for both were 
identical, 1400 Da, and so it was proposed that the 
conditions for extraction with CTB did not adversely 
affect the proteins' pore-forming functions. We also 
assessed the secondary structure of Hib porins by spec- 
troscopic techniques including circular dichroism and 
Fourier transform infrared spectroscopy. Because there 
were no discernable differences in the spectroscopic 
properties of Hib porins (our unpublished data) com- 
pared to the spectroscopic properties of other well 
characterized porins [25,26], we propose that the native 
secondary structure, primarily /3-sheet, was not per- 
turbed by our purification protocols. The porins were 
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Fig. 6. Size distributions of conductance steps occurring during current relaxation for membranes incorporating Hib 2L porin (panel A), and Hib 
6U porin (panel B). The channel-closing events were recorded after membranes, with 2-20 porins inserted, had their transmembrane potential 
shifted from 0 to 50-85 mV. The total number of channel closing events was 142 and 83 for Hib 2L porin and Hib 6U porin, respectively. 
Conditions for addition of porin to the teflon chamber were the same as for Fig. 2. 

therefore suitable for our further biophysical studies. 
While E. coli porins form trimers that remain stable 

at temperatures  up to 70°C [25], Hib porin was shown 
to migrate as a monomer  upon SDS-polyacrylamide gel 
electrophoresis even when solubilized at room temper-  
ature [27]. Using the cross-linking reagent dithio-bis- 
(succinimidyl propionate)  only a small proportion of 
the Hib porin molecules were found as cross-linked 
trimers [27]. Clairoux et al. [28] reported that by using 
sarkosyl and lauryl sulfobetaine for extraction and pu- 
rification, porins from various Haemophilus influenzae 
isolates (nontypeable strains as well as type b and type 
c strains) had greater  than 40% of their conductance 
steps in the 2.0-2.5 nS range. Lower conductance 
values were seen when porin was treated with a harsh 
detergent  such as SDS: 50% of conductance steps were 
in the 0.75-1.25 nS range. They proposed that Hib 
porin formed unstable trimers and that by t reatment  
with SDS the trimers dissociated into functional 
monomers.  Most of the conductance steps that we 
observed for Hib 1H, 2L and 6U porins were in the 
0.7-1.1 nS range. Our  results suggest that for all three 
sequence variants of porins, trimers were dissociated 
by CTB during extraction and purification and that we 
have primarily observed the insertion of monomers  
into the synthetic bilayer. That  porin can function as a 

monomer  is not unexpected as porin crystal structures 
show that each monomer  forms its own pore [6,7]. 

Compared  to Hib 1H porin, the Hib 2L and 6U 
porins showed a much narrower distribution of conduc- 
tance steps (Fig. 2). The electrical properties of Hib 
porin may be influenced by the electric field produced 
by the numerous negatively charged groups on LOS 
[29]. The wide distribution of conductance steps seen 
for Hib 1H porin might then be attributed to variation 
in the number  of LOS molecules associated with 1H 
porin. The Hib 2L and 6U porins may differ from Hib 
1H porin in their affinity for LOS. 

While voltage gating of single channels resulted in a 
partial closing of the channels, those within a mult imer 
closed cooperatively as determined by single channel 
measurements  and by macroscopic conductance mea- 
surements. Fig. 3B shows an example of a single inser- 
tion of Hib 2L porin with a relatively large conduc- 
tance of 1.4 nS, suggesting that a multimer of  channels 
had inserted. During voltage gating this mult imer did 
not show several equivalent current decrement  events 
as would have been expected if the monomers  were 
independently voltage-gated. Furthermore,  during cur- 
rent relaxation at the macroscopic level, Hib 2L and 
6U porins showed conductance steps in the 0.8-1.2 nS 
range. Such a conductance step is larger than the 
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conductance of a single channel (0.7-0.8 nS), yet cur- 
rent relaxation at the macroscopic level rarely resulted 
in more than 50% reduction in conductance. Although 
it cannot be excluded that channels within oligomers 
could close more often than those of monomers, these 
results suggest that Hib porin monomers could 
oligomerize once in the lipid environment and that the 
0.8-1.2 nS conductance steps observed during current 
relaxation could be due to cooperative interactions 
among porin monomers. Such interactions would result 
in the simultaneous partial closing of porin channels 
assembled into multimers. 

Our results represent the first description of Hib 
porin voltage gating. The gating is characterised by 
cooperative interactions, by polarity dependence, and 
by the presence of multiple long-lived substates. Nu- 
merous reports describe the voltage gating of porins 
from E. coli [19,20,23] and N. gonorrhoeae [21]. In 
contrast to Hib porins, these E. coli and N. gonor- 
rhoeae channels exist in two stable conformations, open 
and closed. Substates were observed to have lifetimes 
that are in the range of milliseconds. Furthermore, 
with each of these E. coli and N. gonorrhoeae porins, 
the closed state has a conductance value that is just a 
few percent of the open-state conductance. While 
channels within a trimer can close independently of 
each other [21,23], there have been reports of coopera- 
tive interactions among channel monomers as well as 
among porin trimers [19,23]. Conflicting reports have 
appeared with regards to the polarity dependence of 
voltage gating for the E. coli and N. gonorrhoeae 
porins. In general, studies relying on the technique of 
patch-clamping of giant proteoliposomes show a polar- 
ity dependence [18,19]. Those studies that involved 
reconstitution into planar bilayers showed polarity-in- 
dependent gating [20,21,23]. These conflicting reports 
may be resolved by proposing different mechanisms 
whereby a given porin is affected by voltage. The 
mechanism observed could be dependent upon experi- 
mental conditions such as the strength of the mem- 
brane potential used to induce voltage gating or the 
methods of reconstitution. 

The polarity-dependent voltage gating that was ob- 
served at the macroscopic level suggested that Hib 2L 
porin and Hib 6U porin inserted into the bilayer in an 
oriented rather than in a random manner. Morgan et 
al. [22] observed a similar phenomenon with a crude E. 
coli porin preparation containing both OmpF and 
OmpC. They hypothesized that oriented insertion oc- 
curred because porin was complexed with LPS and 
inserted into planar bilayers such that the hydrophilic 
polysaccharide moiety of LPS remained in the aqueous 
medium bathing the membrane. However, asymmetric 
insertion into preformed lipid vesicles has been re- 
ported for E. coli OmpA purified free of LPS [30]. In 
the latter case, the authors concluded that oriented 

insertion occurred for reasons inherent to the mecha- 
nism by which OmpA inserts into membranes. Such a 
mechanism might be common to all outer membrane 
proteins that are organized as transmembrane /3-bar- 
rels. 

Our model for the secondary structure of Hib porin 
was based in part on results from epitope scanning of 
synthetic hexapeptides with seven MAbs [11]. The epi- 
tope scanning studies showed that amino acids 162-171 
and 165-172 of Hib porin comprise the epitopes recog- 
nized by MAbs POR.4 and POR.5, respectively. We 
assigned Arg 166 to the fourth surface-exposed loop and 
demonstrated that Arg 166 is critical to recognition by 
MAb POR.4. By flow cytometry, MAb POR.4 was 
shown to bind to intact Hib cells that displayed the 1H 
porin, thereby confirming the surface-exposure of 
Arg 166. Furthermore, while the binding of MAb POR.4 
to intact Hib cells that displayed either 2L porin or 6U 
porin was not detectable by flow cytometry, MAb 
POR.5 showed similar affinity for Hib cells displaying 
either 1H or 2L porin. Thus the Arg166Gln change did 
not result in any large-scale structural changes. Hib 1H 
porin differs from Hib 2L porin by one surface-exposed 
residue and yet these two porins show pronounced 
differences in voltage gating. That such a minor change 
in the primary structure of Hib porin can affect voltage 
sensitivity suggests that the conformational changes 
that occur during voltage gating do not necessarily 
involve gross alterations of pore structure but rather 
might involve changes of localized regions of porin. 

How might Arg 166 influence voltage gating of the 
porin channel? One possibility is that the positively 
charged Arg 166 residue forms an ionic bond that serves 
to restrict the motion of one or more of the surface-ex- 
posed loops. The absence of this ionic bond in Hib 2L 
porin would allow one or more of the surface-exposed 
loops to move towards the lumen of the pore in the 
presence of an electric field. 

Discrete changes in porin channel size have been 
reported as responses to a variety of stimuli: mem- 
brane potential [18-21,23], osmotic pressure [31,32] 
and pH [33]. An understanding of the structural basis 
for this conformational plasticity is desirable. Our evi- 
dence now implicates at least one surface-exposed loop 
of Hib porin as being involved in voltage-dependent 
conformational changes. Determination of the high 
resolution structure of Hib porin will allow for an 
assessment of the molecular context of the Arg 166 
residue and will test our interpretations of the struc- 
tural dynamics of Hib porin. 
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