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Immobilized Membrane Vesicle or Proteoliposome Affinity Chromatography.
Frontal Analysis of Interactions of Cytochalasin B amélucose with the Human
Red Cell Glucose Transporter
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ABSTRACT. Human red cell membrane vesicles stripped of peripheral proteins and proteoliposomes with
reconstituted red cell glucose transporter (Glutl) were sterically immobilized in gel beads by freeze-
thawing. The specific interactions between the transport inhibitor cytochalasin B ¢aB)cose, and

Glutl were analyzed by quantitative frontal affinity chromatography. The dissociation condtants,
(CB), for the interaction between CB and Glutl in vesicles and proteoliposomes were similar, the average
value being 92+ 5 nM at an ionic strength of 0.05. Kq(CB) for Glutl in vesicles decreased with
increasing ionic strength to become 46 nM &t 0.5. The affinity of glucose was significantly higher

for Glutl in vesicles Kq = 24 + 2 mM) than for reconstituted GlutKg = 37 + 2 mM). The frontal
analysis allowed determination of the amount of CB binding sites, which was found to be-M3b

mol per mole of Glutl monomeM, = 54 000). The CB binding capacity of Glutl in the vesicles and

the proteoliposomes was stable in the presence of dithioerythritol over periods of several weeks at room
temperature.

In quantitative affinity chromatography, an interactant,  Quantitative affinity chromatography has been restricted
applied as a zone or a front, is retarded rather than adsorbedo the study of interactions between water-soluble substances
on a stationary phase containing immobilized ligand. Quan- but was recently applied in the zonal mode to a system where
tification of operative equilibria is possible on the basis of the immobilized ligand was a transmembrane protein embed-
the retention volumes of the interactant obtained in a seriesded in its natural environment, i.e., a lipid bilayer (Yang &
of experiments at a range of concentrations of a competitor Lundahl, 1995). Proteoliposomes containing the reconsti-
that interacts specifically with the immobilized ligand and/ tuted human red cell glucose transporter (Glutdjere
or the interactant. Relevant theory has been established foSterically immobilized in gel beads by freeze-thawing, and
zonal analysis (Dunn & Chaiken, 1974; Abercrombie & nghbnum constants were determined for the specific
Chaiken, 1985) or frontal analysis (Nichol et al., 1974; Kasai Interactions of Glutl with the transported molecute,

& Ishii, 1975: Winzor, 1985: Kasai et al., 1986: Winzor & glucose, and the transport inhibitor cytochalasin B (CB)

o - hich has been proposed to bind to Glutl through three
de Jersey, 1989). Zonal analysis in general requires a smallerﬁ’ . .
; ; ydrogen bonds (N2, O7, and O23 in CB, corresponding to
amount of interactant than does frontal analysis. However, 06, 03, and O1 iff-0-glucose) and hydrophobically through

T o TErale, S, SPEroXMelor i C13-C10 region (Gt a, 1962)
y ' In the present work, both proteoliposomes with Glutl and

actl\_/g a_md accessible binding sites can be_determ|r_1ed, anqn a novel approach red cell membrane vesicles that had been
equilibrium constants can be calculated without using the stripped of the cytoskeleton proteins were sterically im-

number of sites. Recent advances in the theoretical treatment, jijized by freeze-thawing for frontal affinity chromato-
extend the range of applications by offering the possibility graphic analyses of interactions between CB (here termed
of using the total competitor concentration instead of the free interactant)p-glucose (competitor), and Glut1 (immobilized
concentration (Hogg et al., 1991; Olson etal., 1991; Winzor |igand). As in the work by Yang and Lundahl (1995), we
etal., 1992; Winzor, 1992; Winzor & Jackson, 1993). The assumed that CB interacts monovalently with the intracellular
chromatographic theory has also been applied to partition glucose binding site of the Glutl monomaéd,(= 54 000),
equilibrium techniques (Hogg et al., 1991; Winzor & competing witho-glucose binding (Krupka & Dese 1981;
Jackson, 1993) and for evaluation of binding data collected Helgerson & Carruthers, 1987), and that CB anglucose
with a biosensor on the basis of surface plasmon resonancesquilibrate rapidly between the interior and exterior of the
detection (Ward et al., 1995; Kalinin et al., 1995). proteoliposomes or vesicles (Helgerson & Carruthers, 1987).
Equilibrium constants for the CB amdglucose interactions
with Glutl in immobilized membrane vesicles and proteo-
liposomes and the effect of ionic strength on the-GHutl
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dissociation constant were determined. The stability of Glutl by centrifugal washes at 3g@or 3 min each at 22C, once

in terms of the number of CB binding sites (CB binding with buffer A, twice with hypertonic buffer, twice with
capacity) in the affinity chromatographic gel beds was studied hypotonic buffer, and twice with buffer A.

in the presence or absence of dithioerythritol (DTE) over  Steric immobilization of proteoliposomes was done es-

time periods of several weeks. sentially as described earlier (Yang & Lundahl, 1995), by
freeze-thawing 110 mg of dry Superdex 200 prep grade beads
MATERIALS AND METHODS mixed with 1.2-1.5 mL of proteoliposome concentrate and

removing nonimmobilized liposomes by centrifugal washes
as above for the vesicles. The amount of immobilized Glutl
was determined by automated amino acid analysis (Lu et
al., 1993) of gel bead aliquots. Analysis of cholate-eluted
Glutl (Yang & Lundahl, 1995) was found to underestimate
the protein amount, due to adsorption of protein in the beads.
The amount of immobilized phospholipids (phosphorus) was
determined by the method of Bartlett (1959), with minor
modifications (Sandberg, 1987). The gel beads with im-
mobilized proteoliposomes or membrane vesicles were
packed for 30 min with eluent A at a flow rate of 1 mL/min

in an HR 5/5 column (0.5 cm inside diameter) to obtain an
'~0.8 mL gel bed.

Frontal Affinity Chromatography on Immobilized Mem-
brane Vesicles or Proteoliposome3he columns, kept at
room temperature (22C) at all times, were run at a flow
rate of 0.5 mL/min. Before each run, the columns were
V) was obtained from Packard Instruments B.V. (Groningen, Eq#ilibratﬁd with at least |15 column volu(rjnes q{)tr:je relﬁva?t
The Netherlands). uffer. The experimental setup was as described earlier for

zonal analysis with on-line flow-scintillation monitoring

Buffers. Eluent A was 50 mM NaCl, 1 mM N&DTA, (Yang & Lundahl, 1995) (Radiomatic FLO-ONE Beta A-300
and 10 mM Tris-HCI (pH 7.4, 22C). Hypertonic buffer 5o5TR instrument, Packard Instrument Co., Meriden, CT),
was as eIuent A except that the NaCl concentratlon was 1except that a sample applicator was used (Superloop 50 mL,
M. Hypotonic buffer was as eluent A, but without NaCl. - pparmacia Biotech). Two series of runs allowed the deter-

Membrane Proteins and Reconstitutionluman red cell  mination of the equilibrium constants and the CB binding
membranes were stripped of peripheral proteins (Lundahl capacity. First, a series of runs was made in whick-36
et al., 1986), partlally solubilized atZ with 75 mM OG, mL of 1 nM [3H]CB was app“ed in eluent A Supp|emented
and SUbjeCted to Ultracentrifugation (Yang & Lundahl, 1994) with D-g|ucose at a range of Concentrations—gso mM)

The material was used as such (nonpurified Glutl), or Glutl Second, a series of runs in eluent A was made with a range
was purified by ion-exchange chromatography at pH 7.4 in of CB concentrations (1 nMH]CB supplemented with cold
the presence of 40 mM OG (Lundahl et al,, 1991). A CBto 1-250 nM) in the sample. The chromatographic data
phospholipid solution containing 200 mM EPL, 250 mM  were summed in 1 min intervals and smoothed with a nine-
cholate, 200 mM NaCl, 2 mM N&DTA, and 20 mM Tris-  point moving average. The elution volumes of the front was
HCI (pH 8.4, 22°C) was prepared essentially as described determined at half the plateau height.

ear”er (Sandberg et a.l., 1987) Reconstitution into proteo- Zona| ana'ysis according to the procedures Of Yang and
liposomes was done within 1 h after purification by chro- | yndahl (1995) was done for comparison with the frontal
matography, at 6C, of a mixture of 2.5 mL of either analysis.

nonpurified Glutl or purified Glutl and 1.5 mL of phos- Equations Used for the Calculation of the Dissociation
pholipid solution on a 2 cnx 38 cm Sephadex G-50 M gel  constants and the Amount of AgiProtein Immobilized.
bed in eluent A at 1 mL/min. The eluted proteoliposomes Equations 1 and 2 (below), adapted from Winzor (1985),

Materials. Superdex 200 prep grade (34n beads),
Sephadex G-50 M, and glass columns (HR 5/5) were
supplied by Pharmacia Biotech (Uppsala, Sweden). Super-
dex 200 (13um beads, commercially available only in
prepacked Superdex 200 HR columns) was a gift from
Professor Jan-Christer Janson, Pharmacia Biotec®-n1-
Octyl g-p-glucopyranoside (OG) was bought from Dojindo
Laboratories (Kumamoto, Japan). DTE and nonlabeled CB
(>98%) were bought from Sigma (St. Louis, MO). Egg
phospholipids (EPL, 70% phosphatidylcholine, 21% phos-
phatidylethanolamine, and other lipid components) were
prepared essentially as described earlier (Mascher & Lundahl
1988). Cholic acid ¥99%) was purchased from Fluka
(Buchs, Switzerland). [4-(BH]CB (12 Ci/mmol) was
purchased from NEN Research Products, Du Pont (Boston,
MA). b-Glucose (AnalaR) was bought from BDH Labora-
tory Supplies (Poole, U.K.). Scintillation liquid (Flo-Scint

were concentrated (Yang & Lundahl, 1994) &®to 100- can be used to calculate the equilibrium constants for
150 mM phospholipid in a Minicon B-15 membrane nteractant B and a competitive interactant A that both
concentrator (Amicon, Beverly, MA). interact with the immobilized active ligand P upon chroma-

Steric Immobilization of Membrane Vesicles or Proteoli- tography of B in the presence or absence of A:
posomes in Gel BeadsStripped human red cell membranes

(ngg abov_e), hereafter callgd membrane vesmlt—is (1.5 mL, 1 1+ [B]Kgp)  (1+[B] KBP)2 1

~20 mM lipid), were frozen in ethanol/C() (—75°C, 10 = — (1)
min) and thawed in a water bath (2€, 10 min), followed Vinax — Vi VininlPIKgp  VininlPIKgpKap [A]

by vortex mixing. The freeze-thawing and mixing was

repeated once. The vesicle suspension was mixed with dry 1 1 + 1 [B] (2)

Superdex 200 prep grade gel beads (Yang & Lundahl, 1995) V= Viin  ViinlPlKgp Vmin[P]l
(110 mg), and the beads were allowed to swell for at least

1 h. The mixture was subjected to freeze-thawing and vortex with V being the elution volume of B at a given concentra-
mixing as above except that the time for freezing was 5 min tion, [B], of B in the absence of competitive solute i the
and that the freeze-thawing and mixing was repeated four elution volume of B in the presence of solute A at a given

times. Nonimmobilized membrane vesicles were removed concentrationVmin the elution volume of B under conditions
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100f A" y B Table 1: Dissociation Constant&d) for the Interactions of CB and
D-Glucose with Glutl in Membrane Vesicles (M-Glutl),
Proteoliposomes with Nonpurified Glutl (NP-Glutl), and
Proteoliposomes with Purified Glutl (P-Glutl), Determined by
Frontat or ZonaP Analysis

affinity K«(CB) (nM) Ka(glucose) (mMM)
column frontal zonal frontal zonal
M-Glutl 93+ 2 — 2442 .

NP-Glutl 84+ 7 - 35+£2 52

0.5 T - ~ T T 0.5 P-Glutl 99+ 5¢ 180 38+ 3 45

754

25}

Concentration of CB
(% of plateau concentration)

0 5 10 15 20 250 5 10 15 20 25
Elution volume (mL)

404 a Average of two to four determinations done in the absence of DTE
or in the presence of 1 mM DTE (no effect of DTE was observed), in
the time period from day 3 to day 33 after immobilizatiéisingle
determinations done according to Yang and Lundahl (1995) in the
absence of DTE Including aK4(CB) value of 95 nM determined on
P-Glutl in 13um Superdex 200 beads. The definition of the front
0 . , \ \ 0 was marginally improved on these beads compared to that on the 34
0 0.04 008 0120 100 200 300 um Superdex 200 prep grade beads.

1/[Glucose] (mM) ™! [CB] (nM)

Ficure 1: Example of frontal analysis of the GI#LCB and
Glutl—glucose interactions on a gel bed containing immobilized
proteoliposomes with purified Glutl. (A) Elution profiles of 1 nM
CB with 0, 10, 20, 50, 73, and 146 mM glucose (from right to left)
in eluent A. (B) Elution profiles of CB (1, 12, 30, 54, 75, 109, and
252 nM from right to left) in eluent A. (C and D) Plots of data
from panels A and B according to egs 1 and 2. From the intercepts
and slopes, the dissociation constants for GREB and Glutt-
glucose were calculated.

) (mL)!

min

103

1

-V.)(mL)!

102

X

Uy -v

0.1

VA%

100 ——r T T T

K (CB) (aM)

PPy
- X X 0 100 200 300 400 500
where the specific interaction is completely suppressed; and [NaCl] in the eluent (mM)

[P] the concentration of active and available P (CB binding Ficure 2: Effect of ionic strength oKy(CB) determined by frontal

sites) in the volumé&/mi, the producmi,[P] being equal to  analysis on membrane vesicles with Glut1 in 1 mMERTA and

the amount of active and available P in the gel bed (Winzor, 10 mM Tris-HCI (pH 7.4, 22C) supplemented with NaCl. Analysis

1985). When [B]< Ky(B), V equalsVnax the maximal according to egs 1 and 2 was done at 50 and 150 mM Nagl (

elution volume. A plot of 1Nmax — Vi) versus 1/[A] gives The otherKy(CB) values @) were calculated according to eq 3,
o . . relative to the value obtained at 50 mM NacCl.

a y-axis intercept from whichmi, can be calculated, since

Vi equalsVimin as [A] approaches infinity. From the intercepts (CB) values. The ionic strength effect on tgi, values

and slopes of the plot above and a plot oVlA Vimin) versus  optained after inactivation of Glutl with 2 mM HgCin
[B], the association constankse andKap can be obtained.  elyent A was negligible.

Two series of runs and the corresponding linear plots are
illustrated in Figure 1. In the present experiments; BB, RESULTS
A = p-glucose, and P= Glutl. Vpax Was obtained with 1
nM CB. The inverse of the association constants gave the
dissociation constant&y(CB) andK(glucose), for CB and
D-glucose, respectively.

The amount of CB binding sites of Glutl during the

Dissociation Constants. CB) and K4(glucose) were
determined by quantitative frontal affinity chromatography
on immobilized vesicles or reconstituted systems: (1) Glutl
in stripped red cell membrane vesicles (M-Glutl), (2)

. ; . . . nonpurified Glutl in proteoliposomes (NP-Glutl), and (3)
experiments could be monitored, since this amount is e . . i .
proportional to the specific elution VoIUM&sax — Vi), purified Glutl in proteoliposomes (P-Glutl). The obtained

provided thaKy(CB) remains unchanged. OnkgCB) and values_are summarized in Table 1. THgCB) Vall.JeS were
Vmin had been determined, only a single run was needed toessen_tlally the same on the thr_ee types of |mm(_)b_|||zed
obtain the newnax and the corresponding amount of CB mater!al .(’?“’efagea 92 5 nM), wh|le the glucose affmlj[y
binding sites max was significantly higher for Glutl in the membrane vesicles

: T : than in the proteoliposomes. Lower and more corkeget
Effect of lonic Strength on the CB Bindinghe following .
equation (Kasai & Ishii, 1975) was used to calculite (CB) and Kq(glucose) values were obtained by frontal

(CB) for Glutl in membrane vesicles at different ionic analysis rather than by zonal analysis,_ reflecting the ad_van-
strengths: tages of the frontal method (see the introductory section).

The effect of ionic strength oK4(CB) was determined
on Glutl in membrane vesicles by frontal analysis by use of
(3) eq 3. Ky¢(CB) decreased from 93 to 46 nM as the NaCl
Kaay — Vimaxy = Vimin concentration in the eluent was increased from 0 to 500 mM
(Figure 2). This supports the hypothesis that hydrophobic
where subscripts | and Il represent different conditions. A interaction was involved (Griffin et al., 1982).
complete frontal analysis, as described above, was done in  Amount and Stability of Immobilized GlutlA larger
eluent A to obtainVmin, Vmax and Kq(CB). A single run, number of CB binding sites (CB binding capacity) were
with 1 nM CB in the sample, at a different ionic strength found in the M-Glutl gel beds (34 0.1 nmol) than in the
was then enough to obtain the correspondifigx and K4- proteoliposome gel beds (14 0.2 nmol), with purified or

Kd(l) _ Vma><(||) ~ Vain
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Ficure 3: Stability of the CB binding capacity of Glutl determined
by frontal analysis (A) in the presence of 1 mM DTE in the eluent
and (B) in the absence of DTE, for Glutl in immobilized membrane
vesicles A) or for nonpurified ©) or purified @) Glutl in
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guenching (Hebert & Carruthers, 1992) for quantifying ligand
binding to Glutl. Frontal analysis, as opposed to zonal
analysis, allowed the determination §§(CB) for Glutl in
membrane vesicles and in proteoliposomes without relying
on the chemically determined amount of immobilized Glutl.
Glutl in immobilized membrane vesicles had a significantly
higher affinity for glucose than Glutl in the reconstituted
systems, suggesting that the lipid environment of Glutl may
have been most favorable in the former case. Furthermore,
Glutl was more resistant toward inactivation at low pH in
the membrane vesicles than in the proteoliposomes, which
points in the same direction.

By immobilization of membrane vesicles with Glutl,
instead of proteoliposomes with Glutl, the loss of activity
associated with solubilization and reconstitution was avoided

proteoliposomes. The hatched line shows the increase in binding&nd high activity was obtained even though only small
capacity on day 11 as a result of transient equilibration of the gel amounts of membrane vesicles were immobilized. The

bed with 40 mM DTE.

nonpurified Glutl, reflecting the high density of Glutl in
the membrane vesicles. The nonspecific interaction of CB
with the lipid bilayers was smaller on M-Glutl (and
corresponded to a retardation efl.7 mL) than on the
proteoliposomes¥5.5 mL), since the lipid concentration was
lower in the M-Glutl gel bed~7 umol of phospholipids
and ~5 umol of cholesterol per milliliter) than in the
proteoliposome gel bed~50 umol of phospholipids per
milliliter). The ratio between the number of CB binding sites

immobilization procedure for the red cell membranes can
probably be modified for immobilization of membranes from
other sources for chromatographic affinity studies of their
membrane proteins in their natural lipid environment. The
remarkable stability of the immobilized systems may allow
determination of equilibrium constants for various interac-
tants and facilitates the study of the effects of ionic strength,
pH, temperature, lipid composition, and other parameters and
conditions on the affinities.

Chromatographic affinity studies of the nucleoside trans-

and Glutl monomers in a P-Glutl gel bed was found to be POt protein have been initiated in our laboratory, and the
0.33+ 0.06 (average of values determined on the day after revisited theory of quantitative affinity chromatography (see

immobilization and after a series of experiments over a period the introductory section) will be applied to both the Glutl

of 10 days). A slightly higher value, 0.44 0.02, was

reported for purified nonreduced Glutl by Hebert and
Carruthers (1992), who postulated that the native form of
Glutl is a tetramer that binds 1 mol of CB per two

monomers, whereas dithiothreitol causes disruption of the

Glutl quaternary structure.

The CB binding capacity was monitored throughout
experiments during time periods of up to 40 days. The CB
binding capacity in the presence of 1 mM DTE was stable
(Figure 3) in the three types of columns: M-Glutl, NP-Glutl,
and P-Glutl. More than 80% of the initial capacity (day 1)
remained after 2340 days. In the absence of DTE, the

capacity was stable on M-Glutl and NP-Glutl but decreased

to about 50% of the initial value in 1 week on P-Glutl. Some
of the lost capacity was restored after equilibration with 40
mM DTE on day 11 (Figure 3). The stability of the CB
binding capacity on M-Glutl with 150 mM NaCl in the
eluent (not shown) was similar to that illustrated in Figure
3. Treatment at pH 3 (Yang & Lundahl, 1995) inactivated
P-Glutl and NP-Glutl but did not entirely inactivate M-
Glutl, for whichA~20% of the initial activity remained. For
total inhibition of M-Glutl, equilibration with 2 mM HgGI

in the eluent was needed. DTE partially reversed thé&"Hg
inactivation. A similar effect of dithiothreitol omp-chlo-

and nucleoside transporter systems.

ACKNOWLEDGMENT

We thank Gerhard Viel, Qing Yang, and Eva Greijer for
valuable assistance and advice. We are grateful to Marie
Sundgqyvist, Karin Elenbring, and David Eaker for speedy and
accurate amino acid analyses.

REFERENCES

Abercrombie, D. M., & Chaiken, I. M. (1985) iAffinity Chro-
matography, A Practical Approac{Dean, P. D. G., Johnson,
W. S., & Middle, F. A, Eds.) pp 169189, IRL Press, Oxford,
England.

Baldwin, S. A., Baldwin, J. M., & Lienhard, G. E. (1982)
Biochemistry 213836-3842.

Bartlett, G. R. (1959). Biol. Chem. 234466—-468.

Dunn, B. M., & Chaiken, I. M. (1974Proc. Natl. Acad. Sci. U.S.A.
71, 2382-2385.

Griffin, J. F., Rampal, A. L., & Jung, C. Y. (198Froc. Natl.
Acad. Sci. U.S.A. 78759-3763.

Hebert, D. N., & Carruthers, A. (1992) Biol. Chem. 26723829~
23838.

Helgerson, A. L., & Carruthers, A. (1987). Biol. Chem. 262
5464-5475.

romercuribenzoate inhibition has been observed (Pinkofsky Hogg, P. J., Jackson, C. M., & Winzor, D. J. (19%Hal. Biochem.

& Jung, 1985).
DISCUSSION

192 303-311.

Kalinin, N. L., Ward, L. D., & Winzor, D. J. (1995Anal. Biochem.
228 238-244.

Kasai, K., & Ishii, S. (1975)]. Biochem. 77261—264.

We have shown that quantitative frontal analysis can be yasai k. Oda. Y.. Nishikata. M.. & Ishii. S. (1988) Chromatogr.

used as an alternative method to, for example, equilibrium

dialysis (Sogin & Hinkle, 1980; Baldwin et al., 1982),

centrifugation (Hebert & Carruthers, 1992), or fluorescence

376, 33—47.

Krupka, R. M., & Deve, R. (1981)J. Biol. Chem. 2565410-
5416.



Membrane Vesicle or Proteoliposome Affinity Chromatography

Lu, L., Brekkan, E., Haneskog, L., Yang, Q., & Lundahl, P. (1993)
Biochim. Biophys. Acta 115035-146.

Lundahl, P., Greijer, E., Cardell, S., Mascher, E., & Andersson, L.
(1986) Biochim. Biophys. Acta 85345-356.

Lundahl, P., Mascher, E., Andersson, L., Englund, A.-K., Greijer,
E., Kameyama, K., & Takagi, T. (199Bjochim. Biophys. Acta
1067, 177-186.

Mascher, E., & Lundahl, P. (198®iochim. Biophys. Acta 945
350—-359.

Nichol, L. W., Ogston, A. G., Winzor, D. J., & Sawyer, W. H.
(1974)Biochem. J. 143435-443.

Olson, S. T., Bock, P. E., & Sheffer, R. (199&Jch. Biochem.
Biophys. 286533-545.

Pinkofsky, H. B., & Jung, C. Y. (1985hrch. Biochem. Biophys.
240, 94-101.

Sandberg, M., Lundahl, P., Greijer, E., & Belew, M. (1987)
Biochim. Biophys. Acta 924.85-192.

Sogin, D. C., & Hinkle, P. C. (198@®iochemistry 195417-5420.

Biochemistry, Vol. 35, No. 37, 19962145

Ward, L. D., Howlett, G. J., Hammacher, A., Weinstock, J.,
Yasukawa, K., Simpson, R. J., & Winzor, D. J. (1995)
Biochemistry 342901-2907.

Winzor, D. J. (1985) inAnalytical Affinity Chromatography, a
Practical ApproachiDean, P. D. G., Johnson, W. S., & Middle,
F. A., Eds.) pp 149168, IRL Press, Oxford, England.

Winzor, D. J. (1992)). Chromatogr. 59767—82.

Winzor, D. J., & de Jersey, J. (1989) Chromatogr. 492377—
430.

Winzor, D. J., & Jackson, C. M. (1993) idandbook of Affinity
ChromatographyKline, T., Ed.) pp 253-298, Marcel Dekker,
New York.

Winzor, D. J., Munro, P. D., & Jackson, C. M. (1992)
Chromatogr. 59757—66.

Yang, Q., & Lundahl, P. (1994Anal. Biochem. 218210-221.

Yang, Q., & Lundahl, P. (1995Biochemistry 347289-7294.

BI19603231



