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Abstract

Magnetic nanoparticles serve as essential tracers in biomedical applications, including diagnostics such as magnetic
particle imaging (MPI) and therapeutic approaches like magnetic fluid hyperthermia (MFH). However, meeting
the physicochemical requirements of both applications within a single nanoparticle system remains challenging.
Magnetosomes, a novel class of magnetic iron oxide nanoparticles biosynthesized by bacteria, offer a promising
solution as their magnetic properties can be fine-tuned through genetic engineering. Here, magnetosomes are
investigated for dual functionality as MPI tracers and MFH heat mediators, highlighting their potential as a thera-

nostic platform.

. Introduction

Both magnetic particle imaging (MPI) and magnetic fluid
hyperthermia (MFH) rely on high-performing magnetic
nanoparticles (MNPs) [1]. However, the effective integra-
tion of both applications into a combined diagnostic-
therapeutic approach remains challenging [2]. Here
we investigate magnetosomes, MNPs biosynthesized
by magnetotactic bacteria, as promising alternative to
chemically produced MNPs. Magnetosomes of the bac-
terium Magnetospirillum gryphiswaldense consist of a
monocrystalline magnetite core surrounded by a bio-
logical membrane of phospholipids and specific pro-
teins that fulfil essential functions in magnetite biomin-
eralization [3]. Magnetosomes have unique, genetically
encoded properties (e.g. high crystallinity, narrow size
distribution and strong magnetization) that can be ad-
justed by genetic engineering [4]. In our study, we com-
pared two types of magnetosomes (wildtype [WT] and
AfeoAB]) differing in their core sizes with the commer-
cially available tracer synomag-D70 (micromod Partikel-
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technologie, Germany) with respect to temperature in-
crease induced by MFH and MPI suitability. MNPs iso-
lated from strain AfeoABI (an iron transport mutant af-
fected in magnetite formation) were chosen due to their
enhanced magnetic particle spectroscopy (MPS) perfor-
mance [5].

Il. Methods and materials

The two bacterial strains yielded magnetosomes with
core sizes of 33.0 £ 5.3 nm (WT) and 23.9 + 4.8 nm
(AfeoABI) (Figure 1A). MPS was performed (MPS3,
Bruker BioSpin GmbH & Co. KG) with 10 pL of each
MNP type (synomag: 2 mg(Fe)/mL, WT: 5 mg(Fe)/mL,
AfeoAB1: 2 mg(Fe)/mL; excitation frequency: 25.25 kHz
for 10 s). All MPI measurements were performed on a
preclinical MPI system (Bruker BioSpin GmbH & Co. KG,
MPI 25/20 FF) combined with a hyperthermia insert [6].
For each particle type, a 3D system matrix was recorded
prior to imaging using a 27 mm? cuboid sample (syno-
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Figure 1: Core size distribution of WT and AfeoABI magneto-
somes as determined from TEM micrographs (n > 450). The
insets show TEM images of a representative magnetosome par-
ticle (1A). Magnetic particle spectroscopy of the different parti-
cle types (1B, C).
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Figure 2: MPI of a cuboid sample with the different samples.

mag: 10 mg(Fe)/mL; WT & AfeoAB1: analog to MPS mea-
surements) using the following parameters: FOV = 26 x
26 x 14 mm?3, pixel size =2 mm, A =14 mT, G=2.5T/m,
3 orthogonal Tx/Rx coils. The calibration samples were
centered in the MPI-MFH bore. All reconstructions used
a common bandwidth of 0.625 MHz, while the remaining
parameters were manually defined to fit each MNP type:

Reconstruction parameter | synomag | WT | AfeoABI
Regularization (\) 0.01 0.01 | 0.0001
No. iteration 3 3 20

SNR threshold 4 40 40

The image signal-to-noise ratio (SNR) was calculated
as the mean signal (9-pixel ROI covering the phantom;
Figure 2, blue rectangles) divided by the standard de-
viation of the background signal. The SNR was subse-
quently weighted by the respective iron concentrations.
For MFH experiments, 50 pnL. MNP samples diluted to
2 mg(Fe)/mL and a water control were pipetted into glass
tubes (¥=6 mm). The tubes were then placed at the
MPI-MFH center. The sample temperature was moni-
tored using a thermal camera. (FLIR Systems, USA). Each
MFH application comprised of 25 cycles with 24 s heat-
ing (721 kHz, 10 mT, G = 0 T/m) and 2 s pauses per cy-
cle. Maximum temperature increases were corrected by
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Figure 3: Temperature curves of MNP samples during MFH
(left) and maximum temperature increases after control sub-
traction (right).

subtracting the temperature rise of the water reference
during MFH.

I1l. Results and discussion

AfeoAB1 magnetosomes showed the highest iron-
weighted 3¢ harmonic magnitude (67 Am?/kg(Fe)),
followed by WT (51 Am?/kg(Fe)) and synomag
(27 Am?/kg(Fe)) (see Figure 1B). Magnetosomes dis-
played sharp magnitude decreases at higher frequencies
which were absent in the synomag data. This indicates
particle-particle interactions. However, the resulting
differences to the synomag spectrum are minor. The
WT phase showed a sharp decay over the frequency
spectrum (Figure 1B), which we attribute to longer
relaxation times due to the larger particle size resulting
in an increased phase lag. The highest SNR was obtained
for AfeoABI (30) followed by WT (13) and synomag (7)
(Figure 2). AfeoAB1 exhibited the highest temperature
increase (21.3 K), ahead of synomag (10.3 K) (Figure 3).

IV. Conclusion

Engineered AfeoABI magnetosomes provide substan-
tially higher MFH temperature and imaging SNR than
WT and synomag-D70, highlighting their strong thera-
nostic potential.
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