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Experiments in Space clearly show that various cellular pro-
cesses, such as growth rates, signaling pathways and gene
expression, are modified when cells are placed under condi-
tions of weightlessness [1,2]. As yet, there is no coherent ex-
planation for these observations, neither is it known which
biomolecules might act as gravity sensors [1,2]. Recently, mi-
crotubule self-organization has been shown to be gravity-de-
pendent [3], suggesting that investigations at the molecular
level might fill the gap between observation and understand-
ing of Space effects. Cellular activities are mostly controlled
by enzymes, and pathological conditions can arise from alter-
ation of just one of them [4].

Lipoxygenases (linoleate:oxygen oxidoreductase, EC
1.13.11.12) generate leukotrienes and lipoxins from arachidon-
ic acid, being responsible for many pharmacological and im-
munological effects, including programmed cell death (apo-
ptosis) [5]. Interestingly, in humans microgravity lowers the
immunological response and reduces the bone mass by induc-
ing apoptosis [6,7].

We measured the dioxygenation of linoleic acid (15-120
uM) by pure soybean lipoxygenase-1 (LOX-1) (8 nM) in 0.1
M sodium phosphate buffer (pH 7.0), containing a saturating
concentration (240 uM) of oxygen, as assessed by a YSI-5301
oxygen monitor (Yellow Springs Instrument, Yellow Springs,
OH, USA). All experiments were performed at 25°C in a
normoxic atmosphere on board a pressurized A300 Zero-G
aircraft, during the 28th parabolic flight campaign of the
European Space Agency (Bordeaux, 15-26 May 2000). En-
zyme activity was assayed by the increase in absorbance at
234 nm over a linearity period of 10 s [5], using a fiber optics
spectrometer developed for ESA by Officine Galileo (Flor-
ence, Italy): the EMEC (Effect of Microgravity on Enzymatic
Catalysis) module [8]. In flight experiments were performed
during the low gravity (so-called ‘microgravity’) phase of a
parabola (20£2 s at a gravity level of 1072g). On ground
(1g) controls were performed immediately before the para-
bolic flights, using the same batches of enzyme and substrate
and the EMEC module as in flight. Apparent Michaelis—
Menten (K) and maximum velocity (Vpax) values were cal-
culated by fitting the data to a Lineweaver—Burk plot [4]. It
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was found that microgravity reduced K, to one fourth of the
lg control, without affecting Vi.x (Table 1). Consequently,
the catalytic efficiency of lipoxygenase (kc./Kn) was approx-
imately 4-fold higher in flight than on ground (Table 1).

The observation that K, but not Vy,.x was affected suggests
that microgravity only facilitates the formation of the en-
zyme—substrate complex. Therefore, gravity appears to affect
the diffusion process which occurs in enzyme catalysis. Indeed,
in diffusion-controlled reactions or reaction steps, macro-
scopic concentration patterns can be formed from an initially
homogeneous solution by way of non-linear dynamics pro-
cesses [9]. Such processes lead to concentration (density) fluc-
tuations, which are subject to a buoyancy force under gravity;
this small, directional, gravity-driven molecular transport can
affect molecule-molecule interaction, as shown in microtubule
self-organization [3,9].

This unprecedented finding shown here for an enzyme sug-
gests that LOX-1 might be a molecular target for gravity, the
first yet described besides microtubules [3]. Since the type-1
enzyme is the main lipoxygenase in plants and shares with
mammalian lipoxygenases several structural and mechanistic
properties [10], these results could have a broad validity.

References

[1] Walther, 1., Pippia, P., Meloni, M.A., Turrini, F., Mannu, F. and
Cogoli, A. (1998) FEBS Lett. 436, 115-118.

[2] Hammond, T.G., Lewis, F.C., Goodwin, T.J., Linnehan, R.M.,
Wolf, D.A., Hire, K.P., Campbell, W.C., Benes, E., O’Reilly,
K.C., Globus, R.K. and Kaysen, J.H. (1999) Nat. Med. 5, 359.

[3] Papaseit, C., Pochon, N. and Tabony, J. (2000) Proc. Natl. Acad.
Sci. USA 97, 8364-8368.

[4] Maccarrone, M., Valensise, H., Bari, M., Lazzarin, N., Romani-
ni, C. and Finazzi-Agro, A. (2000) Lancet 355, 1326-1329.

[5] Maccarrone, M., Catani, M.V., Finazzi-Agro, A. and Melino, G.
(1997) Cell Death Differ. 4, 396-402.

[6] Lewis, M.L., Reynolds, J.L., Cubano, L.A., Hatton, J.P., Law-
less, B.D. and Piepmeier, E.H. (1998) FASEB J. 12, 1007-1018.

[7] Sarkar, D., Nagaya, T., Koga, K., Nomura, Y., Gruener, R. and
Seo, H. (2000) J. Bone Miner. Res. 15, 489-498.

[8] Tacconi, M., Veratti, R., Falciani, P., Giachetti, E., Ranaldi, F.
and Vanni, P. (1996) ESA SP 390, 333-338.

[9] Papaseit, C., Vuillard, L. and Tabony, J. (1999) Biophys. Chem.
79, 33-39.

[10] Kiithn, H. and Thiele, B.J. (1999) FEBS Lett. 449, 7-11.

*Corresponding author. Fax: (39)-06-72596468.
E-mail: finazzi@uniroma?2.it

Department of Experimental Medicine and Biochemical Sciences, Uni-
versity of Rome Tor Vergata, Via di Tor Vergata 135, I-00133 Rome,
Italy

PII: S0014-5793(00)02327-9

Table 1

Kinetic parameters of the dioxygenation of linoleic acid by LOX-1

LOX-1 K (UM) Vinax (UM min™") kear 571 keat! Ky M1 s71)
On ground (1g) 10.5+0.5 22+1 46 4.4x10°

In flight (1072g) 2.6%0.1%* 23+ [** 48%* 18.5x 10°*

*Denotes P <0.01, **denotes P>0.05 compared to on ground controls, as calculated by the non-parametric Mann-Whitney test (n = 6).
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