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Abstract

To better understand the mechanisms of metabolic microcompartmentalization associated with neutrophil hexose monophosphate
shunt activity during pregnancy, we have studied the intracellular trafficking of glucose-6-phosphate dehydrogenase (G6PDase).
Microtubule motor proteins colocalize with G6PDase. Dynein inhibitors block G6PDase accumulation at the microtubule-organizing
center in pregnancy cells. On this basis, we conclude that microtubule motor proteins participate in hexose monophosphate shunt

enzyme transport within leukocytes.
© 2006 Elsevier Inc. All rights reserved.

1. Introduction

During pregnancy, reactive oxygen metabolite produc-
tion by leukocytes is reduced because of diminished hex-
ose monophosphate shunt (HMS) activity [1]. We have
reported previously [1-3] that the HMS enzymes glucose-6-
phosphate dehydrogenase (G6PDase), 6-phosphogluconate
dehydrogenase (6PGDase), and transaldolase form a supra-
molecular complex within neutrophils that undergoes
retrograde trafficking to a neutrophil’s microtubule-orga-
nizing center (MTOC) during pregnancy. As glucose-6-
phosphate is formed at the plasma membrane and used by
peripheral glycolytic enzymes, its availability to the HMS,
now located at the MTOC, is diminished, thereby reducing
reactive oxygen metabolite production in neutrophils of
pregnant women. Although the intracellular distribution of
HMS enzymes is sensitive to microtubule inhibitors [1], the
nature of their intracellular trafficking is unknown. One
possibility is that these HMS complexes constitute cargo
that is shuttled from place to place within cells on
microtubules. Microtubules constitute a cellular cargo
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transport system that uses kinesin [4,5] and dynein [6],
which are microtubule-activated adenosine triphosphatases
that serve as force-generating motors. Dynein mediates
retrograde transport [6], whereas many kinesin proteins
direct anterograde movement of organelles along micro-
tubules. However, the transport direction of any specific
cargo depends upon additional factors, such as kinesin-
dynein interactions. We hypothesize that the intracellu-
lar location of HMS depends upon microtubule motor
protein transport.

2. Subjects and methods

Peripheral blood from nonpregnant and pregnant women
was obtained with institutional review board approval after
informed consent. Neutrophils were isolated from blood
samples using Ficoll-Hypaque (Sigma, St Louis, MO)
density gradient centrifugation. Neutrophil viability was
more than 95% as assessed by trypan blue exclusion. Cells
were suspended in Hanks balanced salt solution (HBSS;
Life Tech, Grand Island, NY). Cells were fixed then
observed as described [3]. Anti-G6PDase was purchased
from Chemicon International (Temecula, CA). Rabbit anti-
kinesin (KIF14) polyclonal antibody (Ab) (Bethyl Labora-
tories, Montgomery, TX) and goat antidynein (C-14)
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Fig. 1. Immunofluorescence labeling of G6PDase and motor proteins of neutrophils from nonpregnant donors and pregnant women. Different treatments are
shown in each column, whereas different patients are illustrated in each row, which are representative of all studies for each patient group. Panel A,
Localization of G6PDase, kinesin, and dynein in neutrophils from nonpregnant (a-c) and pregnant women (d-f). Permeabilized cells were labeled with
anti-G6PDase—FITC (a, e), anti—kinesin-tetramethylrhodamine isothiocyanate (TRITC) (b, f), anti-dynein-FITC (c, g), or anti-LDase (d, h) (n = 4). Panel B,
Effects of ATA (10 pmol/L), vanadate (10 gmol/L), and AMP-PNP (2 mmol/L) on G6PDase trafficking. Cells from nonpregnant donors (a-d) and pregnant
women (e-h) were incubated with or without ATA (b, f), vanadate (c, g), or AMP-PNP (d, h) at 37°C for 2.5 hours, fixed, permeabilized, and labeled
with G6PDase-FITC. The MTOC is unlabeled or poorly labeled in pregnancy cells during exposure to vanadate and AMP-PNP (original magnification x760;

n = 4). LDase indicates lactate dehydrogenase.

polyclonal Ab (Santa Cruz Biotechnology, Santa Cruz, CA)
were used. Aurintricarboxylic acid (ATA), sodium vanadate,
and 5'-adenylyl imidadiphosphate (AMP-PNP) were ob-
tained from Sigma.

3. Results and discussion

Neutrophils from pregnant and nonpregnant women
were stained separately with anti-G6PDase, antikinesin,
and antidynein Abs. Fig. 1A shows the intracellular
staining patterns of these reagents. In contrast to cells from
nonpregnant women, substantial labeling of the MTOC was
found for G6PDase, kinesin, and dynein in neutrophils
from pregnant women. These molecules colocalize in cells

and redistribute in parallel during pregnancy. However, this
was not observed for lactate dehydrogenase (panels d
and h). We next examined the effects of motor protein
inhibitors. Neutrophils were incubated in phosphate-
buffered saline with or without various inhibitors for 2.5
hours at 37°C in humidified 5% CO,; no significant
changes in cell viability were noted. The cells were then
fixed and labeled with fluorescein isothiocyanate (FITC)-
conjugated anti-G6PDase antibodies. As shown in Fig. 1B,
Go6PDase is localized in the peripheral areas of untreated
neutrophils from nonpregnant donors (a), whereas it is
centrally located in pregnancy neutrophils (e). When cells
were treated with the kinesin inhibitor ATA (10 umol/L)
[7], no dramatic effects were observed. When vanadate
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(10 pumol/L) [8,9] was used to block dynein trafficking,
cells from nonpregnant donors demonstrated no remarkable
changes in G6PDase localization. However, vanadate
effectively blocked the central localization of G6PDase
(g) in cells from pregnant women. The results suggest that
G6PDase transport to MTOC in cells from pregnant women
is dynein dependent. When we treated cells with AMP-PNP
(2 mmol/L) (d and h) [9], which inhibits both kinesin and
dynein, we found G6PDase to be predominantly found at
the cell periphery for cells from nonpregnant and pregnant
donors (d, h).

Here, we demonstrate that G6PDase trafficking depends
upon microtubule motor proteins. Single-color fluorescence
studies indicate that G6PDase, kinesin, and dynein have
similar labeling patterns in cells from either pregnant or
nonpregnant women. Double-labeling studies indicate that
Go6PDase and kinesin colocalize with one another in cells
from both pregnant and nonpregnant women (data not
shown). As previously reported [1-3], G6PDase, 6PGDase,
and transaldolase, but not glycolytic enzymes, are enriched
at the MTOC of neutrophils from pregnant women to down-
regulate the HMS and oxidant production, which might
damage the conceptus. The centrosomal trafficking of
G6PDase in pregnancy cells can be manipulated by dynein
inhibitors, which is consistent with its role in retrograde
trafficking. As G6PDase, kinesin, and dynein trafficked
together in the presence or absence of drugs for both cells
from pregnant and nonpregnant women, we suggest that
these proteins are part of one supramolecular complex.
Similar cargo associations have been reported [10,11]. As
kinesin and dynein are not specific motors for HMS
enzymes, it is possible that other physiological processes
are modulated similarly during pregnancy. Our findings that
HMS enzyme complex transport is regulated by microtu-
bule-based motors may lead to the discovery of new drugs
controlling oxidant production and inflammatory processes
through the regulation of motor activities.
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