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Introduction— Drosophila melanogaster has emerged as an ideal model organism to study the genetic control of immune recognition, physiology and aging, because of
the high degree of conservation between the fly and mammalian signaling pathways involved in these processes (1), and its genetic tractability and simplicity.
Drosophila expresses antimicrobial peptides upon injury and/or infection via the evolutionarily conserved innate immunity signaling pathways Toll and Imd (2, 3).
Here, we examined the feasibility of an in vivo high-resolution magic angle spinning proton MR spectroscopy (HRMAS 'H MRS) approach and suggested its biological
significance towards the investigation of the metabolic effects of trauma on Drosophila innate immunity and aging.

Materials and Methods— We used male Drosophila wild type (wt) and innate imunity mutant (imd) flies, with n=7 for young (5-6 days old) fly group and n=4 for old
flies (30 days old). Experiments were performed on: (a) control healthy, un-injured flies; and (b) traumatized flies, injured with thoracic non-lethal, needle puncture. All
flies were placed in the spectrometer 24 hours after trauma and special care was taken to avoid further injury during moving in and out of the rotor. Prior to fly insertion
in the spectrometer, flies were immobilized by placing them on ice for less than 1 min and were kept at 4°C while in the spectrometer. "H HR-MAS experiments were
performed on a Bruker Bio-Spin Avance NMR spectrometer (600.13 MHz) using a 4mm triple resonance (‘H, '*C, *H) HR-MAS probe (Bruker). The temperature was
controlled at 4°C by a BTO-2000 unit in combination with a MAS pneumatic unit (Bruker). The flies were placed into 4mm zirconium oxide (Zirconia, Bruker) rotors
with spherical inserts. 10 ul D,O (deuterium lock reference) containing 10 mM TSP (trimethylsilyl propionic-2,2,3,3-d, acid, M=172, 8=0ppm, external chemical shift
reference) was added to the rotor with the sample. To avoid contact between flies and D,0O parafilm was inserted at the bottom of the rotor. The MAS rotation frequency
was stabilized at 2.0 + 0.001 kHz by a MAS speed controller. We have performed one and two dimensional experiment. One-dimensional "H HR-MAS NMR single-fly
spectra were acquired on all samples using a rotor synchronized Carr-Purcell-Meiboom-Gill (CPMG) spin echo pulse sequence, [90°-( [-180°- |)n], which works as a
T2 filter to remove the spectral broadening. The inter-pulse delay ( | = 500us) was synchronized to the MAS rotation frequency. The number of transients was 256 with
32,768 (32k) data points. The 1D fully-relaxed spectra were also obtained using a single pulse sequence with water pre-saturation signal. A line-broadening apodization
function of 1.0 Hz was applied to all HRMAS 'H FIDs prior to Fourier transformation. Spectra were referenced with respect to TSP, manually phased, and a Whittaker
baseline estimator was applied to subtract the broad components of the baseline prior to peak area calculations (using MestReC software, Mestrelab Research). Peak
heights were scaled with respect to TSP for each acquired spectrum. Two-dimensional (2D) 'H-"H HRMAS NMR single-fly spectra were acquired on all samples using
(CHz)n 5 4 3 2 1 a TOBSY sequence with adiabatic pulses (4). Acquisition
(CHz)n parameters were: 2k data points direct dimension (11ppm spectral
{ width), 1 sec water pre-saturation during relaxation delay, 8 scans
. per increments, 128 increments, 2 sec total repetition time, 45 ms

Glu mixing time and total acquisition time 29 min. We had 0 mortality.
Results- Figure 1 presents summed in vivo CPMG 'H HRMAS MR
X spectra from Drosophila. Lipid peaks are labeled to emphasize their
PCPE  Tau g 3 accumulation in old and imd flies as compared to wt young flies.
D, PAlR Lipid components and other metabolites are assigned using TOBSY
woe | ke spectra (Fig. 2). We identified the following resonances of fatty
acids chains: terminal methyl- CH;, acyl chain methylene- (CHy)n,
Smethylene- CH,-C-CO, amethylene= CH,C=C, o-methylene-
s CH,CO, vinyl proton- CH=CH (i.e. ceramide) and small metabolites
such as: Tau , taurine; o and B-Glc, o- and B-glucose; B-Ala, B-
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Figure 1. In vivo HR-MAS 'H spectra: A) wtinjured young Figure 2. Represchiative in vivo TOBSY alanine; PC, phosphocholine; PE, phosphor—ethano]ammej, and
flies, B) wi-injured old flies and C) imd-injured young flics. spectrum of a wild-type (control) fly. Glu, glutamate and Glycerol. Signals at 2.02 ppm are assigned
to methylene protons of the CH,-CH=CH moiety of mono-

A: old flies B: young flies unsaturated fatty acids (i.e. palmitoleic and oleic acid).

1.80 - 1.80 mwt_injured mimd 0 imd_injured 4 :
' mwt owt_injured Interestingly, we did not detect poly-unsaturated fatty
1.60 1.60 acids (linoleic and/or linolenic acid), and thus the signal at
1.40 1.40 **:* 2.78 ppm, attributable to the methylene protons between
120 120 two double bonds (=C-CH,-C=) in poly-unsaturated acids,
* is not present. The unsaturated acids are identified by the
1.00 100 signals at 5.33 ppm due to the protons of the -CH=CH-
0.80 0.80 moiety. Figure 3A shows that most lipids are significantly
0.60 0.60 increased in injured as compared to un-injured old wt flies.
040 ., 040 " No such difference was observed upon injury in young wt
020 . N o jT] L . flies (gatrz;d not showg). In }Tont_rast, botl‘(ll ilnjur;ad afndhun-
: - " - = ot injured i ng flies s increas s s
0.00 i'] 1wl 0.00 wi1 il ]_ wil ] liJ}ld: hen cz?rll] ; d tes t oung inju ed ﬂ('we(F'0 ;nge
CH;  (CHjn CH:CCO CHxC= CH:CO CH=CH CHs  (CH)n CHCCO CHC= CHCO CH=CH puds w pared to wt young mjured Hies (kg 55).
Figure 3. Average scaled ratios of lipid components A) Wild-type (wt, dark blue) and injured (light blue) old Discussion— Our results show that trauma promotes accumulation
flies B) Wild-type injured (wt_injured, red), imd-uninjured (imd, purple) and imd-injured (imd_injured, grey) of specific lipids only in old flies, and this accumulation is
young flies. The error bars represent standard errors (SE). * P<0.05; ** P<0.005) *** P<0.001 augmented in young but immunocopromised flies, indicating that

trauma elicits an age-dependent lipid homeostatic perturbation
that may promote immune dysfunction. Moreover, as Drosophila melanogaster flies exhibit similar patterns in biomarkers detected by in vivo HRMAS 'H MRS to the
ones detected in the skeletal muscle of mice post-trauma [5], suggests that this lipid perturbation may be a phylogenetically-conserved response. To this end, also the
increase in (CH,)n signal observed in both injured old and imd flies may be indicative of insulin resistance as it is in mammals [5]. Similarly, the one of vinyl signal
(CH=CH), which includes protons from ceramide, biomarker of apoptosis, suggests apoptosis in these flies [5]. We propose for the first time in vivo HRMAS 'H MRS
of live Drosophila flies in a 14 tesla spectrometer as a model system to investigate trauma, innate immunity responses and aging.
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