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RESEARCH HIGHLIGHTS Han and Ding 667

switch and light steerage stochastic
electric switch exemplifies a long-term
intellectual effort in integrating elec-
tronic functions based on individual
molecules into electrical nanocircuits.
Moreover, as the decoupling of molecule
leads to a decrease in the on-current
(0.3 nA), the clock frequency of a
practical device will be much lower
than today’s Si switches (GHz). It is
still necessary to design new conceptual
circuit architectures and new concepts
of data processing to integrate these
conceptual molecular devices into
ICs.
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New evidence on the antiviral role of RNA interference in mammals
Qingxia Han and Shou-Wei Ding∗

Unique among the multitude of host de-
fense systems evolved to combat viral
pathogens, RNAmolecules serve as both
the inducer and the specificity determi-
nant of the antiviral immunity mech-
anism mediated by RNA interference
(RNAi). Consistently with predictions
from studies in plants and invertebrates
[1], recent reports have provided evi-
dence for an antiviral function of RNAi
against several RNA viruses in mammals
[2–4].However, little is known about the
mechanism of antiviral RNAi or whether
it is widespread among mammalian viral
infections.

The study by YangQiu and colleagues
[5] focused on human enterovirus 71
(HEV71), which causes fatal neurologi-
cal illness in infants and young children.
HEV71 is a positive-strand RNA virus of
the genus Enterovirus that also includes
poliovirus. The authors began by deter-
mining whether any of the virus-encoded
proteins could suppress RNAi induced
after a short hairpin RNA is processed
into small interfering RNA (siRNA) by
Dicer. This led to the identification of
the 3A protein as the viral suppressor
of RNAi (VSR). Surprisingly, VSR-3A
binds viral dsRNA replicative interme-
diates in infected cells and suppresses
in vitro Dicer processing of long dsRNA

into siRNA, similar to the nodaviral VSR-
B2 [2,3,6]. Several VSR-3A mutants de-
fective in RNAi suppression were iden-
tified. One such mutant carries Asp to
Ala substitution at position 23 (D23A),
known to disrupt dimerization of the en-
teroviral 3A protein and cause severe de-
fects in enterovirus RNA replication [7].
Notably, Dicer-dependent production of
virus-derived siRNAs (vsiRNAs) was de-
tected in human somatic cells and pri-
mary murine lung fibroblasts (MLFs)
after infection with HEV71D23A, which
expressed the mutant VSR-3A, but not
wild-type HEV71, indicating active sup-
pression of the biogenesis of vsiRNAs
during HEV71 infection [5]. The 22-nt
vsiRNAs sequenced from the infected
cells exhibited the canonical properties
of siRNA, were present in Argonaute
complexes and accumulated high levels
readily detectable by Northern blot hy-
bridization. However, the sequenced li-
braries of HEV71-derived small RNAs
also included abundant small RNAs out-
side of the size range for Dicer products
[5]. Removal of these non-specific small
RNAs may require an extra step in the
library construction to enrich the vsiR-
NAs by co-immunoprecipitation with
Argonautes as shown recently for the in-
fluenza vsiRNAs [4].

The authors further provided several
lines of evidence to illustrate the an-
tiviral activity of the vsiRNAs produced
during HEV71 infection. They found
that HEV71D23A replicated to signifi-
cantly enhanced levels after Dicer knock-
out or knock-down in human somatic
cells and primary MLFs. Higher titers
of HEV71D23A were also detected fol-
lowing ectopic expression of VSR-3A or
VSR-B2 and were correlated with a re-
duced biogenesis of vsiRNAs. Similarly
to a recent study [4], antiviral RNAi
acted additively with the interferon an-
tiviral response to enhance HEV71D23A
titers [5]. Moreover, the vsiRNAs pro-
duced inHEV71D23A-infected 293T cells
to target the 5’-terminal regionof the viral
genomic RNA were capable of directing
specific degradation of a chimeric cellu-
lar mRNA [5]. Strikingly, rapid clearance
ofHEV71D23A infection in newbornmice
was associated with the production of
abundant vsiRNAs, indicating induction
and suppression of antiviral RNAi during
in vivo infection.

These findings represent a landmark
accomplishment, by illustrating a funda-
mental role for vsiRNAs and RNAi in
natural defense against a human viral
pathogen. Importantly, this study pro-
vides an experimental strategy to tease
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apart the mammalian antiviral RNAi re-
sponse against other important human
viruses.
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On the applicability of PID control to nonlinear second-order systems
Miroslav Krstic

Proportional-integral-derivative (PID)
controllers, which react to the regulated
signal’s present, past and predicted future
behavior, are popular, for two reasons.
First, they are model-free and require
minimal background and preliminary
effort from the user. Second, they pos-
sess the capability—albeit limited—of
shaping the system’s both transient and
asymptotic performance.

The great popularity of PID con-
trollers goes hand in hand with their
widespreadmisuse.With only onedegree
of freedom to influence asymptotic per-
formance (the I part), PID controllers
are capable of only the rejection of con-
stant disturbances and tracking of con-
stant commands. With only two degrees
of freedom for shaping the system’s tran-
sients (the PD part), PID controllers are
sufficiently general only for systems that
have up to two states, namely second-
order systems.

Zhao and Guo [1] from the Chinese
Academy of Sciences provide a highly
valuable paper for both the control prac-
titioner and for the theorist, by develop-
ing a detailed analysis of applying PID
control to general second-order systems.
They note that fully actuated mechani-
cal systems, modeled by Newton’s sec-
ond law, are second-order and, therefore,
the rigorous focus of their work comes
with little sacrifice in terms of relevance.

InTheorem 1, the authors prove that,
if the proportional gain is larger than an
‘anti-stiffness’ function of the plant, and
the derivative gain is larger than an ‘anti-
damping’ function of the plant, then the

integral gain can be chosen sufficiently
small, but positive, so that global out-
put regulation is achieved.Thegeneral re-
sult of Theorem 1 is both specialized in
Proposition 1 andCorollary 1 and further
generalized in Theorem 2 but in the ab-
sence of the I-term for plants for which
the setpoint is an equilibrium.

The results are strong and their proofs
are not elementary. The most general
results are proved using Lyapunov-like
techniques, including those by LaSalle
and Yoshizawa, as well as by eigenvalue-
based techniques. For the case in which
the I-action is not needed, a theorem
based on the Markus-Yanabe Jacobian-
based conjecture is employed in the
proof.

The authors provide conditions on
the PID gains such that global regula-
tion is guaranteed independently of the
output setpoint. Such results are highly
valuable for the practitioner by giving
large ranges of ‘safe’ controller param-
eters. However, as the authors indicate
in the introduction, from the early days
of PID control, there has, additionally,
been interest in providing recipes to
the user for not only safe choices, but
the best choices of the three parame-
ters.TheZiegler-Nichols procedure is the
best-known recipe, but also known to
exhibit interior transients while asymp-
totically rejecting constant disturbances.
Mostof theninemethods listedby the au-
thors aredevelopedbasedon the assump-
tion of linearity of the plant.

The only method known to us in
which the parameter optimization is

conducted regardless of theplant’s linear-
ity or nonlinearity, or event the plant’s di-
mension, is the extremum-seeking (ES)
method in [2]. This method views the
system’s response as amap from the three
gains into a functional of the system’s
response over a time interval of inter-
est. For linear systems, ES matches or
beats the best performance attainable by
linearity-based methods. An alternative
to deterministic ES [2] is the stochas-
tic ES method in [3]. Hence, the papers
[2,3] can be viewed as companion refer-
ences for the practical user of the results
in the highlighted paper. However, the
user should be aware that, for nonlinear
plants, optimal parameter choices will be
dependent on the plant’s initial condition
and the setpoint value.
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