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Torque-Driven Orientation Motion of Chemotactic Colloidal Motors
Chang Zhou+, Changyong Gao+, Yingjie Wu,* Tieyan Si, Mingcheng Yang,* and Qiang He*
Abstract: We report a direct experimental observation of the
torque-driven active reorientation of glucose-fueled flasklike
colloidal motors to a glucose gradient exhibiting a positive
chemotaxis. These streamlined flasklike colloidal motors are
prepared by combining a hydrothermal synthesis and a
vacuum infusion and can be propelled by an enzymatic
cascade reaction in the glucose fuel. Their flasklike architecture can be used to recognize their moving posture, and thus
the dynamic glucose-gradient-induced alignment and orientation-dependent motility during positive chemotaxis can be
examined experimentally. The chemotactic mechanism is that
the enzymatic reactions inside lead to the glucose acid
gradient and the glucose gradient which generate two phoretic
torques at the bottom and the opening respectively, and thus
continuously steer it to the glucose gradient. Such glucosefueled flasklike colloidal motors resembling the chemotactic
capability of living organisms hold considerable potential for
engineering active delivery vehicles in response to specific
chemical signals.

Introduction
Directional migration and taxis play a vital role for the
survival of biological systems. Chemotaxis refers to the
directional locomotion of living organisms either toward or
away from specific chemical stimuli. For instance, Escherichia coli (E. coli) can sense the gradient of nutrients (e.g.,
glucose) and swim toward the food-rich area.[1–3] Inspired by
biologically chemotactic behaviors, a variety of chemicallypowered colloidal motors with a positive or negative chemotaxis have been developed.[4–10] In particular, the small size
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and self-propulsion capability of these synthetic colloidal
motors enable them to bring revolutionary solutions for
future precision-medicine applications such as active target
delivery,[11–18] microsurgery,[19, 20] nanoscale assembly[21–23] and
nanorobotics.[24–30] The unguided chemically-propelled colloidal motors only exhibit an enhanced Brownian diffusion
on large timescales, and obviously it is crucial to achieve
directional control over motion for practical applications.
It has been reported that the synthesized colloidal
motors powered by chemical/biochemical reactions can
autonomously migrate toward the region with a higher or
lower concentration of chemical fuels.[23, 31–40] Note that the
proposed mechanisms in these reports are significantly
different since these so-called chemotactic behavior is based
upon a statistical result of many colloidal motors rather than
direct observation of individuals. Recently, theoretical
analysis and numerical simulation suggest that the chemotaxis of Janus spherical colloidal motors should mainly
originate from the alignment of Janus colloidal motors with
the chemical gradient and the orientation-dependent motility like a physical mechanism of biological chemotaxis found
in nature.[41, 42] More recently, Guan et al. experimentally
demonstrate the self-reorientation-induced biomimetic chemotaxis which is generated by the difference of chemical
reaction rates across the surface of a Janus ZnO-based
spherical micromotor.[43] These theoretical prediction and
experimental results greatly advance our understanding of
the chemotaxis of artificial motors. When the size of
spherical colloidal motors is down to sub-micrometer scales,
however, they are continuously reoriented by the collisions
of solvent molecules in the fluid, i.e. a strong Brownian
force, which leads to a weak chemotactic capability or a
random diffusional process. Nevertheless, engineering a new
type of bio-friendly, sub-micrometer-sized colloidal motors
with an identifi-able moving posture and a strong chemotaxis is still highly requested for both the underlying chemotactic mechanism and future biomedical application.
Herein, we present the design of a glucose-fueled flasklike colloidal motor based on a hydrothermal synthesis and
experimentally investigate the torque-driven active alignment and reorientation-dependent motility of these colloidal
motors during chemotactic motion. The streamlined flasklike colloidal motors have a reduced fluid-resistance coefficient and can autonomously move due to the cascade
reaction of glucose oxidase (GOx) and catalase (Cat)
occurring in the flask cavity. The difference in diffusion rates
across the surface of the flasklike colloidal motor can make
a phoretic torque that uninterruptedly directs it into the
gradient of glucose fuel. It can counteract the orientation
effect by solvent molecule collisions, and thus the opening
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can rotate toward the glucose gradient field, realizing a
chemotactic motion.

Results and Discussion
The sub-micrometer-sized, streamlined and glucose-fueled
flasklike colloidal motors were synthesized by combining a
hydrothermal synthesis and a vacuum infusion as schematically illustrated in Figure 1A according to previously
reported procedures.[44, 45] Briefly, the mixed micelles containing double surfactants P123 and oleic acid form nanoemulsions in a hydrothermal environment. The polymerization of the ribose molecules occurs on the surface of
nanoemulsions. With the increasing reaction time, the
resulting polymer shell increasingly expands, and then
ruptures to form the hollow flasklike particles. Next, the asprepared flasklike particles were added into the phosphate
buffer saline (PBS) solution containing both GOx and Cat
under a vacuum condition so that two enzymes could be
loaded into the inner cavity. The scanning electron microscopy (SEM) image shows that the synthesized colloidal
motors have a well-defined round-bottom flasklike structure
(Figure S1). The length of the colloidal motors is 850 �
45 nm whereas the outside diameters of the neck and the
spherical bottom are 350 � 53 and 700 � 32 nm, respectively.

Figure 1. Preparation and self-propelled motion of the glucose-fueled
round-bottom flasklike colloidal motors. A) Scheme of the synthesis of
the hydrophilic flasklike motors. TEM images of the flasklike colloidal
particles (B) and the flasklike colloidal motors (C). D) STEM and
corresponding TEM-mapping images of the elemental distribution of
carbon and uranium. Scale bar, 500 nm. E) Optical image of the
autonomous motion of flasklike colloidal motors in 100 mM glucose
solution in 0.3 s. Scale bar, 1 μm. F) Corresponding trajectories of six
glucouse-fueled flasklike colloidal motors in 2 s. G) Schematic illustration of the reaction occurring in colloidal motors.
Angew. Chem. Int. Ed. 2022, e202116013 (2 of 7)
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The transmission electron microscopy (TEM) image (Figure 1B) displays the hollow cavity inside the round bottom,
a single opening at the end of neck and a straight channel.
The inside diameter of the channel is 200 � 53 nm at
minimum and the inner diameter of the cavities are 550 �
33 nm, which provides prerequisites for the loading cargoes
such as enzymes. The positively staining TEM image (Figure 1C) shows the black regions in the inner cavity,
representing the enzymes stained with uranyl acetate. Figure 1D shows the distribution of GOx and Cat inside the
cavity of the flasklike colloidal motors analyzed by the
scanning transmission electron microscopy (STEM) coupled
with energy dispersive X-ray (EDX) elemental mapping.
Besides, the contact angle of 58 � 4° confirms the hydrophilicity of as-prepared flasklike colloidal motors (Figure S2), which is highly related to the direction of the selfpropulsion as previously studied.[44] The time-lapse optical
image in Figure 1E (see also Video S1 in Supporting
Information) shows the self-propelled motion of as-prepared
flasklike colloidal motors at a speed of 3.15 μm s 1 in
100 mM glucose solution along a direction from the roundbottom to the opening. Figure 1F shows the typical trajectories of six flasklike colloidal motors self-propelled without
specified direction in the absence of glucose gradient.
Figure 1G shows the schematic illustration of the enzymatic
cascade reaction occurring in the flasklike colloidal motors,
which mainly forms the glucose and gluconic acid gradients
around the opening of flasklike colloidal motors. As studied
in the previous work,[44] the competition of the generated
local glucose gradient and gluconic acid gradient provides
the net driving force to propel the flasklike colloidal motors.
Given that the driving force generated from the glucose
gradient is larger than the opposite force by the gluconic
acid gradient, the hydrophilic flasklike colloidal motors thus
move with opening forward, in agreement with the experimental observation in Figure 1E.
To examine whether these hydrophilic flasklike colloidal
motors exhibit a chemotactic motion, a cylindrical agarose
gel presoaked in 1 M glucose solution overnight was placed
on the right edge of the PBS solution-filled petri dish to
establish the glucose gradient (Figure 2A). Figure S3 shows
the simulated glucose distribution in the petri dish after 1 h.
The glucose gradually diffuses from the agarose gel in the
form of concentric circles, and the glucose concentration
decreases with the increasing distance from the agarose gel.
When the glucose gradient was established, the flasklike
colloidal motors were injected in the middle of the petri
dish. The time lapse images of flasklike colloidal motors in
Figure 2B (see also Video S2 in Supporting Information)
show that these motors could sense the local glucose
gradient, align and move along the glucose gradient toward
the glucose-rich areas (i.e. positive chemotaxis) accompanying with a continuous reorientation. To better examine the
reorientation process of flasklike colloidal motors, the
trajectories of flasklike colloidal motors responding to the
glucose gradient was tracked as illustrated in Figure 2C.
Obviously, the normalized trajectories of flasklike colloidal
motors are biased toward the source of glucose, representing
a positive chemotaxis. As a control, when the agarose gel
© 2022 Wiley-VCH GmbH
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Figure 2. Observation and analysis of the chemotaxis of flasklike
colloidal motors in the PBS solution. A) Scheme of the device for
chemotaxis. B) Time lapse images of the chemotaxis of the flasklike
colloidal motors. Scale bar, 5 μm. C) Corresponding track trajectories
of chemotaxis of the flasklike colloidal motors in 4 s. D) Drift velocity
of flasklike colloidal motors at different distances from the glucose
source. E) Turning angle distribution (TAD) at 0 degree of the flasklike
colloidal motors at different distances from the glucose source. Inset:
TAD distribution. F) Chemotactic index (CI) of the flasklike colloidal
motors at different distances from the glucose source. * Denotes the
significant difference (*P < 0.05, **P < 0.01). Each data point was
acquired by statistically analysing at least 40 flasklike colloidal motors
(D, E and F).

containing glucose was replaced by that only containing
PBS, the flasklike colloidal motors exhibit typical Fickian
diffusion profile with stochastic trajectories (Figure S4, see
also Video S3 in Supporting Information). In a control, the
agarose gel containing glucose was placed on different sites
of the used petri dish. The time lapse images in Figure S5
(see also Video S4 and S5 in Supporting Information) and
normalized trajectories demonstrate the device asymmetry is
irrelevant to the directional motion of flasklike colloidal
motors toward the source of glucose. Furthermore, when the
flasklike colloidal particles without enzymes were added,
they moved away from the agarose gel containing glucose
due to the diffusiophoretic force generated by the glucose
gradient (Figure S6, see also Video S6 in Supporting Information).
In addition to the trajectory analysis, the average drift
velocity was measured according to the projection of actual
velocity on the glucose gradient. Figure 2D shows that the
average drift velocity of flasklike colloidal motors increases
from 1.37 � 0.33 μm s 1 at 5 mm from the source to 2.37 �
0.54 μm s 1 at 0.5 mm, demonstrating that the flasklike
colloidal motors become more chemotactic in the case of
approaching the source of glucose. To gain insight into the
biased motion toward the glucose source, the turning angle
distribution (TAD) of flasklike colloidal motors was introduced by measuring the angle of displacement with respect
to the previous step at the same time interval, which is
defined Δϕ as schematically illustrated in Figure S7. Figure 2E shows the TAD at 0 degree of the flasklike colloidal
motors significantly increases when approaching the glucose
source, indicating the enhancing chemotactic capacity toAngew. Chem. Int. Ed. 2022, e202116013 (3 of 7)
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ward the glucose source. The inset illustrates that the TAD
is polarized along the direction of glucose gradient. Also,
the migration persistence was further analyzed by the
chemotactic index (CI) which was calculated as the ratio of
the displacement to the total migration path length.[46, 47]
Figure 2F shows that the value of CI is dependent on the
distance from the glucose source, suggesting that the higher
glucose gradient results in the stronger directional migration. Taken together, the directional migration ability of
flasklike colloidal motors is strongly biased by the selfreorientation of flasklike colloidal motors in the glucose
gradient, and the diffusiophoretic force generated by the
glucose gradient field is negligible. Hence, the flasklike
colloidal motors can create a higher asymmetry angular
probability and continuously direct it to the glucose
gradient.
To further elucidate the chemotactic behaviour, the
kinematic behaviour of flasklike colloidal motors in the
chemotactic process was examined under an optical microscopy equipped with a high-resolution CCD camera owing
to their distinct flask-shaped structure. To better record the
flasklike architecture, the PBS was replaced by the mixture
of PBS and glycerol (7:3) because the increased viscosity can
reduce the Brownian rotation. The time lapse images in
Figure 3A (see also Video S7 in Supporting Information)
and correspondingly schematic illustration in Figure 3B
display that the flasklike colloidal motor dynamically rotated
the opening toward the source of glucose when it deviated
the gradient due to the perturbation of a strong Brownian
force. Based on the above observation, we quantitatively
analysed the orientational angle j Δθ j between the polarity
of the flasklike colloidal motor (black arrow) and the
direction of glucose gradient (red arrow) with time evolution
in the self-reorientation process (Figure 3C). It reveals that
the orientational motion of the flasklike colloidal motor is
highly correlated to the glucose gradient. Figure 3D shows
that the orientational angle j Δθ j at different distances from
the source mainly distributed below 90°, indicating that the
vector of the flasklike colloidal motor dynamically reorientated toward the gradient. More interestingly, the asymmetric distribution of the flasklike colloidal motor becomes
more distinct with the decreasing distance from the glucose
source, which reflects that higher glucose gradient can
increase the chemotactic ability of the flasklike colloidal
motor. Note that the increased distribution of the orientational angle j Δθ j below 90° is inversely proportional to the
distances from the glucose source, indicating that they can
take less time reorienting the vector toward the gradient
closer to the source. Figure 3E shows the drift velocity as a
function of the orientational angle j Δθ j of the flasklike
colloidal motor. When the opening points to the source of
glucose (j Δθ j < 90°), the flasklike colloidal motor swims
toward the source with a positive velocity. When the
opening is against the glucose gradient (j Δθ j > 90°),
however, the negative drift velocity reflects the influence of
the Brownian force and the glucose gradient field force on
the rotation process of flasklike colloidal motors. Note that
the area by the plotted curve at j Δθ j < 90° is clearly larger
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Figure 3. Direct observation of the self-reorientation of the flasklike
colloidal motor in the chemotaxis toward the source of glucose in the
mixture of PBS solution and glycerol (7:3). A) Time lapse images of the
dynamic rotation of the flasklike colloidal motor to the glucose
gradient. Scale bar, 1 μm. B) Correspondingly schematic illustration in
A. C) Orientational angle j Δθ j evolution of the flasklike colloidal
motors as a function of Δt in the chemotaxis. The blue symbols
represent the experimental data and the red line refers to the predicted
curve from Equation (6). Inset, black arrow: the orientational vector of
the flasklike colloidal motor; red arrow: the direction of the glucose
gradient. D) The distribution of the orientational angle j Δθ j of the
flasklike colloidal motors at different distances from the source of
glucose. E) The drift velocity as a function of orientational angle j Δθ j
of the flasklike colloidal motors derived from 5 mm from the source of
glucose. The blue symbol and the red line refer to the experimental
data and the fitting curve with Equation (1), respectively. F) Scheme of
the mechanism of the reorientation of the flasklike colloidal motor in
the chemotaxis. Each data point was obtained from at least 10 flasklike
colloidal motors (C, D and E).

than that at j Δθ j > 90°, indicating the self-propelling speed
is anisotropic.
As schematically illustrated in Figure 3F, from a molecular point of view, the glucose concentration gradients
produce the diffusiophoretic force F1 on the opening and the
diffusiophoretic force F2 on the round bottom, respectively.
Note that the gluconic acids generated by the enzymatic
cascade reactions ocurring in the cavity dilute the glucose
gradient around the opening. The difference value of two
diffusiophoretic forces (F2 F1) generated by the nonsymmetric local concentration gradients of different chemical
species results in a net self-diffusiophoretic torque exerting
on the flasklike colloidal motors. As a consequence, this
self-diffusiophoretic torque (F2 F1 > 0) can counteract the
effect by the molecular collisions in fluid, which makes the
opening to rotate toward the direction of the glucose
gradient field, and finally achieve a positively chemotactic
motion. The microscopically chemotactic mechanism of the
flasklike colloidal motors is different with the natural
Angew. Chem. Int. Ed. 2022, e202116013 (4 of 7)
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bacteria such as E. coli. The latter exhibits a “run-andtumble” motion behavior in the chemotaxis through their
self-reorientation based on the spatial comparison of chemical signal intensity and a biased random walk toward the
glucose source (Figure S8).[48] However, the torque-driven
reorientation motion of the chemotactic flasklike colloidal
motors may still mimic the self-reorientation behavior of E.
coli in the positive chemotaxis.
To reveal the underlying mechanism, a quantitative
description is presented based on a minimal model. Since
the source of glucose is a cylindrical agarose gel, the steadystate glucose flux is inversely proportional to the distance
from the source center j / r 1 due to the mass continuity
and Fick’s law. Neglecting the convection, the glucose
concentration profile is thus cðrÞ ¼ c0 c1 lnðrÞ, with c0 and
c1 the unknown coefficients, which can be determined by the
boundary conditions. For a point-like motor in the chemical
gradient, its self-propelling velocity is proportional to the
local fuel concentration at the motor position,
vs ðrÞ ¼ v0 v1 lnðrÞ / cðrÞ. The flasklike colloidal motor
has a finite size, however, its self-propulsion velocity should
depend on the motor orientation, as the effective fuel
concentration felt by the opening of the flasklike colloidal
motors is orientation-dependent when the motor center
remains the same. The maximum and minimum selfpropulsion velocity correspond to the situations of the
opening toward and against the fuel source, respectively.
Moreover, the anisotropic degree of the self-propelling
velocity increases with the increasing local chemical gradient, rcðrÞ / r 1 . Thus, it is reasonable to take the selfpropelling velocity as:
vs ðr; qÞ ¼ ½v0

v1 lnðrÞ�ð1 þ r 1 dcosqÞ

(1)

with q the angle of the motor opening with respect to the
glucose source. Here, the free parameters v0 , v1 and d are
determined by using Equation (1) to fit the experimental
data of the drift velocity vs ðr; qÞcosq in the 30 % glycerol
solution (Figure 3E). With the same values of the fitting
parameters (given in Table 1), Equation (1) can well fit the
drift velocity-q curves for different distances, as demonstrated in Figure 3E (and Figure S9 in Supporting Information).
As mentioned in Figure 3F, two self-diffusiophoretic
forces in the glucose gradient generate a phoretic torque to
rotate the flasklike colloidal motor. Clearly, this torque is
proportional to the local chemical gradients and also
depends on the motor orientation with the maximum
magnitude at q ¼ �p=2 and the vanishing magnitude at

Table 1: The free parameters in Equations (1) and (2) for the flasklike
colloidal motors in the 30 % glycerol solution are extracted by fitting
Equations (1) and (3) to the corresponding experimental data. All the
parameters are expressed in International System of units (SI units).
v0
flasklike colloidal motor

4.6 × 10

v1
7

7.4 × 10

d
8

4 × 10

bt0
4

3.41 × 10

3
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q ¼ 0; p. Similarly, the phoretic torque is reasonably taken
as
tðr; qÞ ¼

t0 r 1 sinq

(2)

with t0 the fitting prefactor. We relate the torque to an
effective angle potential, U ðr; qÞ ¼ t0 r 1 cosq, and further
assume that the motor orientation approximately obeys an
equilibrium probability distribution,
�
Pðr; qÞ / exp bt0 r 1 cosq

(3)

with b ¼ 1=kB T (T the temperature). Equation (3) can be
well fitted to the experimental data in Figure 4A (and
Figure S10 in Supporting Information), which yields the free
parameter t0 , as provided in Table 1. These extracted free
parameters can be then used as input quantities of Equations (1) and (2) for performing the following simulations
and theoretical calculations.
Firstly, we performed the Brownian dynamics simulations to reproduce the chemotaxis of the colloidal motor.
Because of the system symmetry, the flasklike colloidal
motor is modelled as a two-dimensional active particle
experiencing a self-propelling velocity and a phoretic torque.
In simulations, the translational dynamics of the colloidal
motor is updated according to overdamped Langevin
equation,

gv ¼ vs n þ x

Angew. Chem. Int. Ed. 2022, e202116013 (5 of 7)
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where g is the translational friction coefficient, n the unit
vector of the motor symmetric axis (from the round bottom
to the opening), the self-propelling velocity vs is described
by Equation (1), and x refers to the Gaussian-distributed
stochastic force with zero mean and variance
hxa ðtÞxb ðt0 Þi ¼ 2kB Tgdab dðt t0 Þ with a and b Cartesian
components. The orientational evolution of the flasklike
colloidal motor is similarly described by
gr w ¼ t þ xr

(5)

with gr the rotational friction coefficient, w the angular
velocity, t the phoretic torque described by Equation (2),
and the Gaussian stochastic torque xr possessing the
variancehxra ðtÞxrb ðt0 Þi ¼ 2kB Tgr dab dðt t0 Þ. For simplicity,
the frictional coefficients g and gr are estimated by
approximating the flasklike colloidal motor as a sphericalshell particle of outer diameter 0.7 μm and inner diameter
0.55 μm. Substituting the parameters given in Table 1 into
Equations (4) and (5), the simulations are implemented to
collect the particle trajectories, as shown in Figure 4B. The
resulting simulation results clearly show a positively chemotactic behavior.
Secondly, we use Equations (1)–(3) and the extracted
parameters to theoretically calculate the orientational angle
evolution and drift velocity of the colloidal motor. Combining Equation (2) and the mean torque balance condition
gr w ¼ t, we can derive the time evolution of the motor
orientational angle
t ¼ w0 1 ln½ðcscq

Figure 4. A) The distribution of the orientational angle j Δθ j of the
flasklike colloidal motors in the chemotaxis at 5 mm from the source in
the mixture of PBS solution and glycerol (7:3). Red line is the fitting
curve with Equation (3). B) Simulated track trajectories of the positive
chemotaxis of the flasklike colloidal motors in the mixture of PBS
solution and glycerol (7:3). C) The turning rate as a function of the
orientational angle j Δθ j of the flasklike colloidal motors in the
chemotaxis predicted based on Equation (6). D) The distribution of the
drift velocity in the mixture of PBS solution and glycerol (7:3) as a
function of the distance from the glucose source. Red line is the drift
velocity predicted based on the minimal theoretical model.
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cotqÞ=ðcscq0

cotq0 Þ�,

(6)

with q0 the orientational angle at t ¼ 0, and w0 ¼ t0 r 1 gr 1
the rotational velocity of the motor at q ¼ p=2. Inserting the
known quantity t0 into Equation (6) yields the evolution of
q, which is well consistent with the experimental data in
Figure 3C without free parameter. From Equation (6), the
turning rate and phoretic torque of the motor are straightforwardly calculated, as shown in Figure 4C and S11.
Further, based on Equations (1) and (3), the r-dependence
of the drift velocity of the colloidal motor can be easily
calculated
by integrating out the orientational angle,
R 2p
P
ð
r;
q
Þv
ð
s r; qÞcosqdq. The theoretical prediction reprodu0
ces the experimental measurement, as shown in Figure 4D.
The good agreement between the theoretical predictions
and experimental results indicates that our minimal model
properly captures the essential mechanism underlying the
chemotaxis of the flasklike colloidal motor.

Conclusion
We have demonstrated a positive chemotaxis of the submicrometer-sized, streamlined and glucose-fueled flasklike
colloidal motors along a glucose concentration gradient
resembling that of the chemotactic microorganisms in
© 2022 Wiley-VCH GmbH
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nature. Benefiting from their unique round-bottomed flasklike architecture, the change of moving postures of these
sub-micrometer-sized colloidal motors could be experimentally recorded under an optical microscopy. Direct kinematic
analysis reveals the dynamic glucose-gradient-induced alignment and the phoretically torque-driven active reorientation
of glucose-fueled flasklike colloidal motors. The microscopic
mechanism of the chemotactic flasklike colloidal motors is
that the nonsymmetric local concentration gradients of
different chemical species by the enzymatic cascade reactions results in a net self-diffusiophoretic torque on the
flasklike colloidal motors. Accordingly, the self-diffusiophoretic torque continuously steers them to the glucose
concentration gradient and thus achieve a positive chemotaxis motion. The subsequent calculations and theoretical
simulations further verify the microscopic mechanism of the
chemotactic flasklike colloidal motors. These sub-micrometer-sized, streamlined and glucose-fueled flasklike colloidal motors with a strong chemotactic capacity may not only
provide direct experimental evidence for the existing
theoretical speculation, but also serve for active target
delivery because of its small size, fuel biocompatibility and
high loading volume.
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Enzymatic cascade reactions occurring
in the cavity of flasklike colloidal motors
have been shown to lead to the consumption of the glucose fuel and a
decreased glucose concentration gradient at the opening. The resulting
imbalance of self-diffusiophoretic forces
generates a phoretic torque on the flasklike colloidal motors, which continuously
steers them to the glucose concentration gradient and thus results in a
positive chemotaxis motion
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