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and mitochondria to specific regions of the 
cell; however, the mechanisms by which each 
motor recognizes its specific cargo are not 
known (3). Here, we report that KIF17 (4), a 
neuron-specific microtubule-dependent mo­
lecular motor, binds directly and specifically 
to a PDZ domain (5) of mLin-10 (6) and 
transports the large protein complex contain­
ing the NR2B subunit, which forms the 
NMDA receptor with the NR1 subunit (7). 
This complex transports vesicles along mi­
crotubules in neurons such as hippocampal 
pyramidal neurons. 
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kinesin superfamily (KIFs) support diverse 
transport systems in cells (3). We cloned 
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to investigate the motors responsible for the 
sorting of various molecules within neurons. 
Osm-3 (9), a putative dendritic motor for 
odorant receptors in Caenorhabditis elegans, 
and KIF17 constitute a family (Fig. IB). 
KIF17 is similar to Osm-3 in the head and tail 
domains (Fig. 1C) and has two putative stalk 
domains that form an a-helical coiled coil 
(Fig. ID) (10); Osm-3, however, has only one 
stalk domain. Antibody raised against amino 
acids 505 to 707 of KIF17 (anti-KIF17) (11) 
recognized the native KIF17 protein in the 
brain as a single 170-kD band in SDS-poly-
acrylamide gel electrophoresis (PAGE) (Fig. 
IE). 

Although KIFs could be monomelic, ho-
modimeric, heterotrimeric, homotetrameric, 
or heterotetrameric (3), native KIF17 has a 
sedimentation coefficient of 3.0 S and a 
Stokes radius of 170 A, which suggests that 
the molecular weight of the native holoen-
zyme is 215 kD, about twice that calculated 
from the sequence of the protein (116 kD). 
The migration of KIF17 in native PAGE was 
similar to that of the recombinant full-length 
KIF17 protein (12). Thus, KIF17 probably 
exists as a homodimer (13). 

To measure the direction and velocity of 
the KIF17 motor activity, we assayed its mo­
tility with the use of recombinant KIF17. 
Recombinant KIF17 could slide an axoneme 
toward microtubule minus-ends, indicating 
that KIF17 is a microtubule plus-end-direct­
ed motor (Fig. IF). The microtubule gliding 
assay showed that the average speed was 0.8 
to 1.2 |xm/s (14). Thus, KIF17 can act with­
out a coenzyme and can mediate fast intra­
cellular transport. 

KIF17 is a dendrite-specific motor pro­
tein. KIF17 appeared to be brain-specific, 
present in abundance in the gray matter (es-
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pecially in the hippocampus) but not in white 
matter such as the optic nerve (Fig. 2A) (15). 
Hence, JSIF17 is likely to act in the somato-
dendritic region of neurons rather than in the 
axons. Indeed, brain sections imrnunostained 
with anti-JSIFl7 showed KIF17 in dendrites 
of pyramidal neurons but not in the axons or 
nuclei in cerebral cortex (Fig. 2B), hippocam-
pus (Fig. 2C), and olfactory bulb (Fig. 2D). 
Double staining of cultured hippocampal 
neurons with anti-KIF17 and an axonal mark-
er [monoclonal antibody to phosphorylated 
neurofilament H (pNFH mAb)] showed that 
KIF17 is a dendritic motor (Fig. 2E) (16). 
The related protein Osm-3 is also known as a 
molecular motor localized to the dendrites of 
specific neurons in C. elegans (9). 

KIF17 conveys a membranous cargo. 
To identify the cargo transported by KIF17, 
we investigated KIF17-associated structures 
by immunoisolation. The organelles purified 
along with JSIF17 were clear membranous 
vesicleswith a radius of 50 nm on average, as 
observed by electron microscopy (Fig. 3A) 

(17). These vesicles were different from 
those transported by KIFC2, a central ner-
vous system-specific dendritic motor protein 
(18); nor were they identifiable as mitochon-
dria, synapticvesicles, dense core vesicles, or 
multivesicular bodies. 

We then examined the association be-
tween JSIF17 and the vesicles biochemically. 
KIF17 molecules were released from the ves-
icles in the presence of high salt or high pH 
(Fig. 3B) (19); this result suggests that KIF17 
is peripherally associated with the membrane 
and should require a targeting mechanism for 
specific cargo vesicles. 

mLin-10 is the receptor for KIF17 on 
the membrane. We identified adaptor mole-
cules by yeast two-hybrid screening, using 
the COOH-terminal region of KIF17 (20). 
The JSIF17 tail bound to a COOH-terminal 
PDZ domain of mLin-10, a sorting protein. 
The binding partner of this PDZ domain of 
d in-10,  which shows a very high degree of 
conservation from C. elegans to human, is 
unknown (6). 

B eterotrimeric kinesin 
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Fig. 1. Identification of KIF17 as a homodimeric microtubule-depen-
dent motor protein. (A) Full-Length 1038-amino acid sequence of 
KIF17 (the sequence has been deposited in  the DDBJIEMBUGenBank 
database, accession number AB001424). The motor domain probe 
used t o  screen is indicated in boldface, the middle domain used t o  
make antibodies is in  bold italics, and the tail domain used for the 
two-hybrid screen is underlined. Single-letter abbreviations for amino 
acid residues are as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, 
Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gln; R, Arg; 

We further investigated the specificity of 
the binding between many KIFs and d i n - 1 0  
using mutated preys. The binding was very 
specific between the KIF17 tail domain and 
the first PDZ domain of d in -10 .  Disruption 
of the first PDZ domain diminished the bind-
ing with JSIF17, whereas disruption of the 
second PDZ domain or deletion of the phos-
pholipid interaction (PI) domain did not alter 
the interaction(Fig. 4A). A single amino acid 
change or a deletion at the COOH-terminal 
end of KIF17 eliminated this interaction (Fig. 
4B). The tails of JSIFlA (400 to end), KIFlB 
(830 to end), KIF5A (806 to end), KIF5B 
(808 to end), and KIF5C (930 to end) were 
tested for mLin-10 binding. Only that of 
KIF17 bound with &in-10. 

We further examined this binding with the 
use of surface plasmon resonance measure-
ment (Fig. 4C). The direct KIFl7-din-10 
interaction was confirmed to be one with 
strong affinity (dissociation constant K, = 
3.0 X M). This binding was sufficiently 
strong to mediate sorting in vivo (21). 

45 1 

dye front I 

S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr. (B) Relation between KIF17 
and other known KIFs, as shown by a phylogenetic tree. (C) Protein 
matrix analysis between KIF17 and Osm-3 shows similarity of their 
head and tai l  domains. (D) The central region of KIF17 was predicted 
t o  form two stretches of an a-helical coiled-coil structure. (E) Immu-
noblot of native KIF17. Abbreviations: Br, brain; Liv, liver; block, 
peptide block with recombinant KIF17 as a control. (F) Motility assay 
of recombinant KIF17 with axonemes. Arrow shows a frayed plus-end 
of an axoneme-microtubule bundle. 
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We investigated the interaction with a 
pull-down assay and immunoprecipitation. 
d i n - 1 0  was pulled down with the recombi- 
nant KIF17, but not with KIFC2 or the tail 
amino acids-deleted KIF17 (Fig. 4D) (22). 
Also, &in-10 was coimmunoprecipitated 
with KIF17, whereas other known KIFs 
(KIFC2, KIF1 A, KIF3A/B, and KIF5A/B/C) 
were not detectable in the immunoprecipitate; 
this result further confirmed the specificity of 
the interaction (Fig. 4E) (23). Thus, it appears 

, that d i n - 1 0  is the specific binding partner 
of KIF17 in vivo. 

NR2B sorting vesicle carried by 
I KIF17-mLin-10 complex. In Lin-10-mutat- 

ed C. elegans, the glutamate receptor GluRl 
is mislocalized (6). d i n - 1 0  exists in a pro- 
tein complex with d i n - 2  and d i n - 7 ,  which 
binds to the NMDA receptor subunit NR2B 
(24). To test whether d i n - 2 ,  d i n - 7 ,  and 
NR2B were cargo molecules of the KIF17- 
d i n - 1 0  complex, we examined the pattern 
of developmental expression of the cargo 
proteins. The expression of the candidate pro- 
teins was concurrent with that of KIF17 (Fig. 
5A), whereas conventional kinesin (KIFSB) 
showed a different expression pattern (25). 

KIF17, d in -10 ,  d i n - 2 ,  and d i n - 7  on 
the vesicles floated to the same low-density 

I membranous protein fractions as NR2B, but 
not to other membranous protein fractions 

I 
containing caveolin or mitochondria1 cyto- 
chrome oxidase. Free KIF17, d i n -  10, 
d i n - 2 ,  and d i n - 7  were recovered in the 
heavier fractions. The ratio of free protein to 
membrane-bound protein increased accord- 
ing to the predicted binding order of the 
proteins to the membrane: KIF17, d in -10 ,  
d i n - 2 ,  d i n - 7 ,  and NR2B (Fig. 5B) (26). 

Imrnunoprecipitation with anti-KIFl7 (27) 
was detected by antibodies to mLin-10, 
d i n - 2 ,  din-7;and W B ,  but not by anti- 

Fig. 2. Localization of KIF17 in  dendrites. (A) KIF17 immunoblots in various tissues. Br, brain; bodies to PSD-95, which binds to NR2B 
Lu, Lung; Ht, heart; Li, liver; Sp, spleen; Kid, kidney; Mu, muscle; OB, olfactory bulb; CC, cerebral at the postsynaptic density (2) (Fig. 5C). 
cortex; PU, putamen; Hip, hippocampus; Ce, cerebellum; Spi, spinal cord; CE, cauda equina; Sci, GABA, receptor ~ 2 ,  glycine receptor, and 
sciatic nerve; Opt, optic nerve. KIF5B (below each Lane) was used as a control. (B) Cerebral substance receptor were not detected (28). 
cortex pyramidal Layer triple-stained with anti-KIF17, pNFH mAb as a marker for axons, and Immunoprecipitation withdin-10 mAb also 
TOTO-3 as a marker for DNA and RNA. Scale bar, 15 ym. (C) Hippocampus CA3 region 
triple-stained by anti-KlFl7, anti-MAP2 as a marker for dendrites, and TOTO-3. Scale bar, I 5  confirmed the interaction KIF173 
ym. The peptide-blocked staining of anti-KIF17 as a negative control is shown in the small mLin-lOy and NR2B (Fig. 
inset at the top of the KIF17 image. (D) Olfactory bulb mitral cell layer triple-stained with 4E). W B ,  d in -10 ,  d i n - 2 ,  and d i n - 7  
anti-KIF17, pNFH mAb, and TOTO-3. Scale bar, 50 ym. (E) Cultured hippocampal neuron were detected inthe isolated vesicles by anti- 
double-stained with anti-KIF17 and pNFH mAb. Scale bar, 15 ym. KIF17, but not by anti-KIFlA (Fig. 5C). 

Fig. 3. Cargo of KIF17. (A) Electron micrograph 
of the vesicles immunoisolated with anti-KIF17. A I KIF17 
Scale bar, 20 nm. Histogram shows the vesicle 0 preimmune 
count per 100 beads. (B) Nature of KIF17 bind- 
ing to  the vesicles assayed under different wash 
conditions (ppt, precipitant; sup, supernatant). 
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B control 0.5 KC1 0 1 NGO.  
pH 7.4 $7.4 'pM 11.5 
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Because NR2B vesicles are transported immunoprecipitate. Some of the NR2B-con- located on these vesicles (Fig. 5D). This as- 
transiently, the ratio of NR2B to other corn- taining vesicles attach to microtubules in a sociation of NR2B+ vesicles to microtubules 
ponents of the complex is reduced in the nucleotide-dependent manner, and KIF17 is was blocked by KIF17 tail peptides fused to 

Fig. 4. Direct interaction between KIFI 7 tail and 
mLin-10 PDZ domain. (A and B) Identification of 
the interaction domain of KIF17 and mLin-10 
using a yeast two-hybrid system. The amino acid 
residues of mLin-10 and KIFI 7 that were fused to  
the pLexA DNA binding domain are represented 
by boxes, and the corresponding amino acid po- 
sitions are indicated (+, bound to  KIF17 and 
mLin-10; -, not bound to KIF17 and mLin-10). 
ELGF is the known interaction consensus se- 
quence for PDZ with the COOH-terminal of the 
binding partner. ILGV (residues 668 to 671 of 
mLin-10) + AAAA represents an ELGF motif that 
was mutagenized by site-directed PCR to all ala- 
nines in order to disrupt the first PDZ motif. The 
QLGF (residues 760 to 763 of mLin-10) + AAAA 
done is another mutant with its second PDZ 
motif disrupted. KIF17 delta 3 a.a. denotes con- 
structs of KIF17 with the three COOH-terminal 
amino acids deleted. KIFI 7 EPL* + EPA* denotes 
a construct with its wild-type COOH-terminal 
sequence EPL stop codon mutated to  EPA stop 
codon. EPL* + EAL* and EPL* + EAA* are mu- 
tants constructed in the same way. (C) Plasmon 
resonance analysis of interaction of purified re- 
combinant KIF17 with purified recombinant 

A mUn-10 KIF17 binding 0 
PDZ-I PDZ-2 

I + 

mLir "I binding 

KIFI 7 
GST Wild delta3 delta10 KIFC2 

Time Is) . . 
mLin-10 or control BSA. (D) Recombinant KIF17 
pulls down native mLin-10 from brain lysate. Abbreviations: Wild, KIF17 939-1038; delta3, KIF17 939-1035; deltalo, KIF17 939-1028; and KIFC2, KlFC2 
1-423. (E) lmmunoprecipitation of mLin-10 complex from brain. 

Developmental expression 
= 2 L f S S k o , c v m , m o Z S Z  

B 
bottom 

Floating assay 

NR1 c COX 1 t s S  e- d, 
Lysate IP Vesicle IP c,,,o,in .), -...vL.CIa 

pre- 
lvsate KIF17 immune KIF17 KlFlA 

Tethered w idea  

Fig. 5. KIFl7-mLin-10 complex binds to  NR2B-containing .vesicles in a (Cox) and caveolin indicate other membranous proteins with different 
specific manner. (A) Developmental changes in the expression of KIF17, peaks. (C) lmmunoprecipitation from brain lysate or vesicle fractions. 
mLin-10, mLin-2, mlin-7, NR2B, and KIF5B in  brain. Numbers above the (D) Colocalization of KIF17 and NR2B on vesicles along microtubules. 
lanes indicate embryonic days 11 to  17, postnatal days 0 to  6, and Note that vesicle size and microtubule thickness are enhanced by the 
postnatal weeks 1, 2, and 3. (B) The Nycodenz floating assay fractions. optical limitation of resolution. (E) KIF17 tai l  peptide block analysis. 
The thick Line indicates the density of the fraction; the thin line repre- Red boxes represent numbers of NR2B+ vesicles. Error bars denote 
sents the protein concentration of the fraction. Cytochrome oxidase SEM (n = 3). 
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glutathione S-transferase (GST-KTF17 939- 
1038) (Fig. 5E). This peptide does not block 
the microtubule-binding activity of the KF17 
motor domain (14), but binds native d i n - 1 0  
(22). Therefore, KF17 tail peptide competes 
with the native KF17 for d i n - 1 0  binding 
and will decrease the number of NR2B-con- 
taining cargoes on the microtubules in this 
assay (29). 

Thus, these proteins form a protein com- 
plex on the vesicle. We cannot exclude the 
possibility of another mechanism for recruit- 
ment of d i n - 1 0  to the vesicle, but it would 
be reasonable to regard this d i n - 1 0  + 
d i n - 2  + d i n - 7  + NR2B + NR1 cascade 
as a good candidate vesicle-binding mecha- 
nism for KF17. 

Colocalization of m 1 7 ,  mLin-10, and 
NR2B in the same dendrites. We imrnuno- 
stained brain sections and cultured hippocam- 
pal neurons. Double staining with anti-KIF17 
and NR1 mab, anti-WB, and anti-din-10 
revealed colocalization of these proteins in 
the same dendrites (Fig. 6) (30). 

Visualization of NR2B transport by 
KIF17. Native vesicles, purified from brain 
with anti-KIF17 beads, moved in a plus-end- 

C directed manner on microtubules when incu- 
bated with full-length KIF17 (1-1038) (Fig. 
7, A and B) (31). Recombinant KIF17 (1- 
938), lacking the d i n - 1 0  interaction do- 

Fig. 6. KIF17 colocalizes with mLin-10, NRZB, and NRI in dendrites of neurons. (A) Coronal main, could not move these vesicles on mi- section of cerebral cortex double-stained with anti-KIF17 and NRI mAb. (B) Coronal section of 
cerebral cortex pepsin-treated and double-stained with anti-KIF17 and anti-NRZB (crGluR~ crotubules, and Brownian movement of 
No59). (C and D) Cultured hippocampal neuron double-stained with anti-KIF17 and anti-mLin- the vesicles in the buffer was 0 b w ~ e d .  Be- 
10. Scale bar, 15 km. cause this deletion mutant has motor activity 

mlcrotubule (1 

Fig. 7. Visualization of NR2B transport by KIF17. (A) Movement of the KIF17 cargo vesicles on microtubules. (C) lmmunofluorescent detection 
KlFl7 cargo vesicle on axoneme shows plus end-directed motility. Arrow of NRZB on the vesicles moved by KIF17 on microtubules. (D) Electron 
shows the vesicle, which touches on the microtubule and moves, then micrograph showing immunocytochemistry of the KlFl7-bearing vesicles 
goes out. [A quicktime movie can be viewed at http://cb.m.u-tokyo.ac.jp/ on a microtubule. NR2B is detected by gold particles (diameter 10 nm). 
-setou/). (B) Two sequences of time-lapse images of movement of the Scale bar, 100 nm. (E) Model of the NR2B transporting machinery. 
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in the microtubule -gliding- assav - (14)~ and , ies (aCluRS1 No43 and NR1 mAb), and NR2B anti- p-galactosidase as reporter genes. KIF17 939-1038 
was subcloned into pLexA (~exA fusion vector) and vesicles were being released (31), it appears 

~ $ ~ T ~ ~ ~ ~ ~ ~ ' ~ s a ;E:~ ~ ~~ ~5 used to screen n e - lo7 clones from mouse brain cDNA ~~ ; ~ b 
that the mLin-l0 binding site is for 12. NH,-terminal. His-taeeed full-length KIF17-express- libraries constructed in pB42AD (GAL1 activation do- -
KIF17 to transport these vesicles. Direct fix- ingZbaculovirus was constructed ;sing main vector, ~ l o n t e c h ) . ' ~ e  the ~a;t-Bac seleked 20 LeuC/LacZ+ 


ation and im-unodetection by fluorescence system (Gibco Life Technologies). High-Five cells (In- colonies. Two colonies encoded fragments of mLin-10 

vitrogen) were infected with the virus for 60 hours in gene (457-840), which codes for a portion 99% 


in light (Fig. 7C) and gold label- Grace Insect Medium (Cibco Life Technologies) and identical to the corresponding portion of rat Lin-10 
- .  
ing in electron microscopy (Fig. 7D) revealed harvested and purified'as described (18). (Mintl). cDNA segments were-amplified by the poly- 

that NR2B is on these active vesicles. Thus, 13. Supernatant from mouse brain homogenates after merase chain reaction (PCR) with specific primers and 
centrifugation at 75,000 rpm for 1 hour in a Beckman subcloned into pLexA or pB42AD. 

cargoes containing NR2B are transported by TL100.3 rotor in HBS (10 mM Hepes, pH 7.4, and 150 21. Purified CST-fused COOH-terminus of KIF17 (939- 
KIF17, and the mLin-10 binding tail is nec- mM NaCI) with proteinase inhibitors (1 mM phenyl- 1038) was immobilized on a BlACore CMS sensor 

essary for this function of KIF17. methyl sulfonyl fluoride, 210 k M  leupeptin, 145 &M chip, equilibrated with 50 mM Hepes-NaOH (pH 8.0) 
pepstatin A, 260 k M  N-ol-p-tosyl-L-arginine methyl containing 100 mM NaCI, and superfused with puri- These data collectively suggest that KF17, ester hydrochloride, and 10 mM benzamidine) was fied mLin-10 (650-840 with His6 on NH2-terminal) 

a neuron-specific molecular motor with mi- centrifuged in a Beckman SW28 rotor for the velocity at a flow rate of 10 kllmin. Binding activities (in 
crotubule plus-end-directed motility inter- gradient. Gel-filtration assay was with Superose 6 resonance units) were measured as the difference 

(Amersham Pharmacia Biotech). Native PACE was between the baseline value determined 20 s before acts directly with a mLin-10 PDZ domain, 
done as described (18). sample injection and the measurements taken at the 
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enylyl-imidodiphosphate (AMP-PNP) or ATP and 10 
KM taxol at 27OC for 10 min, washed by each buffer, 
and processed for immunodetection (16). The vesi- 
cles on microtubules were observed in differential 
interference contrast laser scanning microscope (DIC-
LSM). For the blocking assay, KlFl7 tail peptide (GST- 
KIF17 939-1038) (22) was incubated with the float- 
ed vesicles for 6 hours before the microtubule bind- 
ing assay. The total concentration of protein was 
equalized by addition of GST alone. 

30. Mouse hippocampal neurons were fixed in 4% para- 
formaldehyde (PFA) and permeabilized with 0.1% 
Triton X-100 for 3 min. The brain sections were fixed 
in 4% PFA. For NR28 staining of the sections, pepsin 
treatment was performed as described (33). Anti- 
NR1 (aGluRc1 No43) and NR1 mAb, anti-NR28 
COOH-terminal peptide (aGluR~ No34), and anti- 
NR28 NH,-terminal peptide (aGluR~ No59) each 
gave the same results. 

31. For this experiment, we first purified KIF17-bearing 
membrane organelles from KIF17-enriched fractions 
of floating assay (14). Anti-KIF17<oated beads with 

vesicles attached (5 ~ 1 )  were incubated for 1 hour in 
three different conditions: (i) 30 ~1 of recombinant 
full-length KIF17 (1 mglml), (ii) recombinant tailless 
KIF17 (1-938) (1 mg/ml), and (iii) tail-deleted con-
struct (1-938) (0.8 mg/ml) mixed with tail construct 
(GST-KIF17 939-1038) (0.2 mg/ml) (22). Through 
this process, KIF17 vesicles were detached from 
beads. In the third condition, tail construct was added 
to exclude the possible difference of detachment of 
the vesicles from the beads. Then, eluted supernatant 
was diluted in 100 p1 of motility buffer (14) and 
placed in the observation chamber. In all three con- 
ditions, Brownian movement of the detached vesicles 
was observed. In the first condition, almost all (more 
than 10 movements in 3 min of observation) of the 
vesicles that were in contact with axoneme moved. 
No vesicle movement on axoneme was observed in 
the other two conditions. Identification of vesicles 
correlated with motility as described (34). Of the 
vesicles attached to microtubules by KIF17, -40% 
were NRZB'. NR2B was not detected in the vesicles 
isolated with anti-KIF38 immunobeads as a control. 

Forming Supramolecular 
Networks from Nanoscale Rods 

in Binary, Phase-Separating 
Mixtures 

Gongwen ~eng,' Feng Qiu,' Valeriy V. Ginzburg,' David Jasnow,* 

Anna C. ~alazsl*  


Simulations show that when low-volume fractions o f  nanoscale rods are im- 
mersed in  a binary, phase-separating blend, the rods self-assemble into needle- 
like, percolating networks. The interconnected network arises through the 
dynamic interplay o f  phase-separation between the fluids, through preferential 
adsorption of the minority component onto the mobile rods, and through 
rod-rod repulsion. Such cooperative effects provide a means of manipulating the 
motion of nanoscopic objects and directing their association into supramo- 
lecular structures. Increasing the rod concentration beyond the effective per- 
colation threshold drives the system t o  self-assemble into a lamellar mor- 
phology, wi th  layers of wetted rods alternating with layers of the majority- 
component fluid. This approach can potentially yield organiclinorganic com- 
posites that are ordered on nanometer scales and exhibit electrical or structural 
integrity. 

Dispersion of solid nanoparticles through- 
out a polymer blend can dramatically im- 
prove the mechanical, thermal, or electrical 
properties of the mixture (I). Controlling 
the distribution of particles within multi- 
component polymeric blends, however, re- 
mains a considerable challenge. Most poly- 
mer pairs are immiscible, and thus, blends 
usually phase-separate. Typically, one or 
more of the polymers preferentially adsorb 

'Chemical Engineering Department and 2Department 
o f  Physics and Astronomy, University o f  Pittsburgh, 
Pittsburgh, PA 15261, USA. 

*To whom correspondence should be addressed. E-
mail: balazs@vms.cis.pitt.edu 

onto the mobile particles. Thus, the motion 
of the particles influences the behavior of 
the immiscible polymeric fluids, and the 
structural evolution of the fluids in turn 
affects the dispersion of the particles (2). 
The situation becomes even more complex 
if these particles are rod-like (such as nano- 
tubes or rigid fibers) because rods can form 
liquid crystalline phases (3, 4) .  Now, inter- 
play among three phenomena-phase-sep- 
aration, wetting, and anisotropic interparti- 
cle interactions-controls the structure of 
the composite. 

We probed these interactions in binary 
fluidlrod mixtures through computer simu- 
lations and show that the irreversible evo- 
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lution of phase-separating fluids can be 
exploited to drive the self-assembly of 
nanoscopic rods into supramolecular net- 
works. Applied to nanotubes, this approach 
could produce electrically conducting path- 
ways in insulating materials; applied to 
short, inorganic fibers, the scheme could 
yield continuous reinforcing structures in 
organic/inorganic composites. Overall, the 
results facilitate the efficient fabrication of 
advanced hybrid materials. 

Our two-dimensional simulation com-
bines a coarse-grained description of the 
binary fluids with a discrete model for sol- 
id additives (5-9). The binary system is 
described by a continuous order param- 
eter $(r), which is the difference be-
tween the local volume fractions of com- 
ponents A and B, $(r) = +,<(r) - b,(r).  
The flux of + is proportional to the local 
gradient of the chemical potential, which in 
turn is proportional to the derivative of the 
free energy, F ,  with respect to the order 
parameter 

d$lat = rV2(8F{$}i8$) ( 1 )  

where r is the order parameter mobility. The 
rigid rods are described by discrete entities, 
each of which has a center-of-mass position 
r, and an orientation angle 8, measured from 
a fixed direction. The variables r, and 0, obey 
Langevin equations 

dr,ldt = -MaFlar, + q, ( 2 )  

d8,ldt = -MraFldO, + 5, ( 3 )  

where M and M' are mobility constants, and 
q,,and 5, are thermal fluctuations that satisfy 
the fluctuation-dissipation relations. Equa-
tions 1 to 3 are discretized and numerically 
integrated on a 256 by 256 square lattice. 
which has periodic boundary conditions in 
both the x and y directions. The lattice sets the 
unit of length. 
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