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Doctoral Thesis Abstract: 19F NMR of Erythrocytes: 'Split Pcak' Phenomenon, Membrane

Potential and Membrane Transport

Fluorinatcd solutcs such as difluorophosphate (DFP),
monofluorophosphatc (MFP), hexafluorophosphate (HFP),
and uifluoroacclatc (TFA) all showcd well-resolved 9F NMR
rcsonances when they were added to erythrocyle suspensions.
The broadcr resonances from intracellular solutes were shifted
lo high frequency with respect to their cxtracellular

counlterparts.

The 19F NMR chemical shifts of the above-mentioncd
compounds were shifted to high frequency in the presence of
protcins. An increasc in tempcrature also led to a shift of the
19F NMR resonances to high frequency. Results from this
work support the hypothesis that the disruption of hydrogen
bonding between the fluorine atom and solvent water atoms,
by hydrated hacmoglobin, is the principal physical basis for
the ‘'split pcak' phcnomcnon sccn with crythrocyltc

suspcnsions.

The well-resolved '9F NMR resonances of DFP enabled
ils transmembranc mass-distribution to be determined directly
from an crythrocyle suspension. At transmcmbranc
clectrochemical cquilibrium, the distribution of DFP was
govemcd by the membranc Donnan poicatial. The membrane
potcmiai mcasurcd using DFP was indcpendent of the
conccntration of the probc molecule, and the hacmatocrit of the

suspensions within a large range.

A novcl adaption of a 19F NMR magnclisation-transfcr
technique was derived to mcasure the rapid membranc
transport of DFP. The transport was shown to bc mediated
cxclusively by band-3. The transport was tempecrature
dcpendent; the "break-point’ temperature of the equilibrium
cfflux was ~31°C. Under similar conditions, the ratios of the
influx rates for solutcs at a concentration of 20 mM werec DFP

: hypophosphitc : F~: CI- were 1.0: 1.5:33.0: 68.1.
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The membranc-transport of TFA in human crythrocytes
was significantly slower than DFP. By differcntiating the
inhibition brought about by a number of compounds,
including stlbenc disulfonatcs, a-cyano-4-hydroxycinnamatc,
p-chloromercuriphenylsulfonic acid, and N-cthylmalcimide,
band-3 was found to be the predominant transporicr of TFA
upLﬁkc into human crythrocytcs. A small [raction of the uptake
was mcdiatcd by the monocarboxylale transporter. Under
physiological conditions, transport via simplc diffusion via the

lipid of thc membrancs was ncgligible.

The 19F NMR spectrum showed well-separated quartets
arising from beryllofluorides BcFy, BeFs® and BeF42-. This
phcnomenon facilitatcd the study of the multiple cquilibra
associated with the complexcs in a solution. In crythrocyte
suspensions, the '9F NMR spectra showed resonances [rom
the intracellular populations of the complexes shilicd to higher
frequencics rclative to their extraccllular countcrparts. The
erythrocyle membranc-transport of thc complcxes was
completely inhibited by stilbene disulfonates; the results
suggested that band-3 was the exclusive transportcr for BeF3-
and BeF42-, and intraccllular BeF3 arose as the result of the re-
distribution of the various intraccllular complexcs via the

multiplc cquilibra.

The ?Be NMR resonances of the complexes were, a
quintct, a quarict and a triplct for BeF42+, BeF3- and BeFa,
respectively, and they overlapped cxtensively. SBe NMR
resonances of intra- and cxtraccllular solutes were not
resolved. 9Be NMR decoupling simplificd the 19F NMR
spectrum. The !9F NMR magnctisation transfer among
various complexes in cither cis or rrans compartments
indicatcd intcrconversion among the differcent specics in the cis
compartment, and the transmembranc cxchange occurred
within sub-minutc time scalc.
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