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Tobacco Mosaic Virus is a tubular plant virus containing RNA and 2100 identical coat 
proteins. Our aim is filling up the 4nm wide and 300nm long channel of TMV with a 
cytostatic drug (e.g. otherwise highly toxic Pt compounds such as Cisplatin) and sealing the 
TMV ends by magnetic nanoparticles. The administration involves application of an 
alternating external magnetic field to break the seal to release the drug, as well as to generate 
heat, for simultaneous drug and hyperthermia treatment [1]. 
 
The Tobacco mosaic virus (TMV) can be metallized in aqueous suspension, resulting in 
unique dumbbell-, rod- and tube-shaped deposits with diameters down to 3 nm and lengths up 
to micrometers [2, 3]. The coating process is based on the adsorption of noble metal cations 
followed by autocatalytic electroless deposition (figure 1). Magnetometry measurements 
performed on these TMV samples (metallized with Ni) find a saturation magnetization of 
approximately 0.004 emu per gram of deposited solid (which contains Ni but also salts from 
the bath). This very low value can be accounted for by a cluster microstructure consisting of 
rather small Ni cores surrounded by NiO shells, which would be indicative of extensive 
oxidation. However, the measured coercivity of 90 Oe is similar to that of bulk Ni (100 Oe), 
suggesting that the cores are large enough to exhibit bulk ferromagnetism (figure 2). Previous 
work with TMV electroless deposition [3] showed that using the anionic surfactant Re-610/E 
makes Ni dots deposition only at ends of the TMV (figure 3). This was the basis for sealing 
the 4nm channel. 
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Figures 
 
 

 
Figure 1: Ni deposited on TMV via electroless deposition 

 
 

 
Figure 2: Magnetization of Ni deposited on TMV 

 
 

 
Figure 3: Ni‐TMV‐Ni dumbbells synthesized using Re‐610/E in electroless depostion bath 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3.2 Viral scaffolding of conventional ferroflu-
ids Owing to the difficulties encountered in coating TMV 

particles with magnetic layers of relatively high magnetiza-

tion, we pursued an independent strategy of investigating 

the ability of bare TMV additives to influence the mag-

netoviscous properties of conventional ferrofluids. These 

experiments were performed with the ferrofluid used in the 

calibration measurement of Sec. 2—namely, SusTech 

LCE-25, which consists of spherical nanoparticles (! 10–

18 nm) of cobalt ferrite (CoFe2O4) suspended in a carrier 

fluid of diethylene glycol and DI water. The magnetovis-

cous effect is commonly quantified by dividing the in-

crease in viscosity induced by a given magnetic field B by 

the viscosity at zero field, 

 

where  denotes the real part of the complex viscosity 

. Upon supplementation of LCE-25 with small amounts 

of TMV particles, the ratio  was discovered to 

have increased by as much as one order of magnitude, with 

concomitant improvement in the stability against shear 

thinning (Fig. 11) [75].  

This rather surprising observation was investigated in 

further detail by altering the length and surface chemistry 

of the viral nanotube additives. Such modifications are 

feasible because, since the 1950s, TMV has been studied 

extensively with respect to the molecular processes under-

lying viral self-assembly, reconstitution from isolated 

monomeric components in vitro [76], and the effects of 

protein mutations on particle formation as well as on phys-

ical characteristics of the resulting viral nanotubes [77]. 

Based on these data, different RNA species have been de-

signed that are able to induce and govern the growth of vi-

rus-like particles not only with natural TMV protein, but 

also with CP variants genetically engineered to expose 

various amino acids on the outer surface. Nucleation of 

nanotube assembly was efficiently achieved via an RNA 

sequence exhibiting a complex secondary structure, the vi-

ral Origin of Assembly (OAs, [78] and references therein), 

which was incorporated into different RNA species tran-

scribed in vitro from appropriately constructed plasmid 

clones ([69] and unpublished data). TMV CP was 

produced with modified surface groups from plant-

infectious TMV variants that were also generated by ge-

netic engineering or from fission yeast cell cultures trans-

formed with suitable expression plasmid clones. After op-

timization of protein and RNA purification protocols, 

methods were established to promote the in vitro assembly 

of virus-derived nanotubes belonging to distinct length 

classes and/or manifesting altered surface charge states (to 

be published elsewhere). 
Employing such biotechnological variants as ferrofluid 

additives yielded results that were consistent with intuition: 

the magnitude of the viscosity enhancement in LCE-25 in-

creased with nanotube length as well as with the predicted 

interaction strength between viral and cobalt ferrite sur-

faces. Moreover, such effects were stable over periods of 

several months, suggesting that biologically engineered 

 

Figure 10 SEM micrograph of TMV (black) metallized at 

virion endpoints by Ni clusters (white), as obtained by ELD in 

the presence of the surfactant RE610. [Sensitization: 15 min at 

pH 5.5; dialysis 2 x 30 min, metallization at pH 7.0 in 230 mM 

Ni(CH3COO)2, 35 mM DMAB, 180 mM lactic acid, 4.75 vol% 

of a solution of the surfactant RE610.] 

 

Figure 11 The properties of a commercial ferrofluid were 

tuned by supplementation with virus-like nanotubes. Not only 

did the TMV-derived bio-additives enhance the ferrofluid 

magnetoviscosity dramatically (upper left), they also improved 

its resistance to shear thinning (upper right). Genetically engi-

neered nanotubes were produced in vitro by self-assembly of 

TMV coat protein (CP) about RNA strands of various lengths 

(90 nm variant shown bottom left). Interaction between the 

viral protein surface and the magnetic nanoparticles of the fer-

rofluid is thought to lead to a “scaffolding” effect, as visualized 

at bottom right. The latter phenomenon can be tailored by 

gene-technological alteration of the surface amino acids of the 

TMV CP. For further details, see Ref. [75]. 


