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1. Cb3naBaHe HA HOBH AaHTHOMOTHIM Ype3 HHXUMOUPAHE PACTEKA HA YOBEIIKH MATOTeHHHU

0aKTepuH C U3MO0JI3BaHEe HA AHTUCEHC OJIMTOHYKJIEOTHIH, KOUMTO Ce CBbP3BaT ¢ OaKTepHAJIHH
pUOONPEeBKIIOYBATEIN

2. Cp3naBaHe HAa HOBM YHHBEPCAJHU CTpaTervd 3a JieYeHHe HA pakKa ¢ M3MN0JI3BAHETO HA
AJI0eTCPUYHH PUOO3UMHU
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Bropuunu crpykrypu Ha Hammerhead Ribozymes 11. Penchovsky, R. & Breaker, R.R. Computational design
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at a ratm of 1:1, two days before radical dissec-
tion of regional lymph nodes. The cells were

e g e

successfully tracked in vivo using a noninvasive
3T MRI system. In 4 out of 8 patients, MRI
demonstrated that the dendritic cells were
actually delivered into the perinodular fat
(and not into the lymph node), whereas scin-
tigraphy detected a single spot at the injection
site. MRI could detectup to 1.5 % 10° migrated
cells and image up to 5 individual lymph node
sites (whereas scintigraphy detected two sites
in most cases). By co-injecting equal numbers
of dendritic cells labeled with '"'In or with
SPIO particles, they demonstrated that MRI
is as sensitive as scintigraphic imaging for the
detection of dendritic cells in vivo.

The major advantage of MRI over scin-
tigraphic imaging is the presence of high-
resolution anatomical background contrast,
allowing for a precise anatomical localization

6:" SP1O-labeled cells, first at the injection site

http:/lwww.nature.cc

© 2005 Nature Publishing Group

nd then at distant sites. Thus, MRI proved
valuable for monitoring the migratory capac-
ity of dendritic cells. Remote lymph nodes
containing SPIO-labeled cells could be visu-
4 alized individually in patients in vivo, and this
result was confirmed by histological analy-
sis of lymph node biopsies. The high spatial
resolution of MRI and lack of saturation of
images represent significant advantages over
scintigraphy. However, according to de Vries
et al., scintigraphic imaging is superior to
MRI for quantifying the number of cells that
have migrated to lymph nodes. Therefore, the
authors argue that both techniques should be
combined to achieve accurate quantitative and
qualitative information on the fate of adop-
tively transferred dendritic cells.

The current work is of biological and
medical significance. Proper inoculation of
dendritic cell vaccines should improve our
knowledge of dendritic cell biology and,
more importantly, should boost the clinical
response to antigen-loaded dendritic cells,

1374

penchovsky_nat_bio... X

®

IR

1 /3

[=E]ER]

® i

61.9% v

LN

Boolean calculations made easy

(for ribozymes)

Adam A Margolin & Milan N Stojanovic

A new algorithm facilitates the design of ribozymes that encode logical

operations.

The basic electronic devices that perform
Boolean calculations are called logic gates.
Elementary logic gates, such as AND, NOT and
OR, are organized into more complex electronic
circuits that, together with other devices, are
used to build computers. Molecules can function
as logic gates in that their behavior (outputs) is
influenced by the presence of other molecules
(inputs). The construction of a reliable set of
molecular-scale logic gates that can communi-
cate with each other would allow the engineer-
ing of molecular circuits capable of performing
mmplex logical operations in solution. From
and Breaker? in this issue is grmmdbmlnng
they describe a precise | to construct and
Imtamplﬂxsetofrﬂmzyme—bﬂsedlogmgim

tivity is lated by the
presence of uhgumldeuhde inputs. [This work

also provides us with a tantalizing glance into
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University, 650 W. 168th St., New York,

New York 10032, USA.
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how these elementary units can be organized
into more complex circuits.

To construct molecules that perform basic
Boolean operations in solution, Penchovsky
and Breaker generate allosteric ribozymes
using the hammerhead ribozyme secondary
structure motif (Fig. 1a). For each logic gate,
a computer program searches millions of
potential sequences, and a partition function
algorithm identifies those sequences that are
most likely to form a dominant active or inac-
tive secondary structure and robustly switch
to the alternate state in the presence of one or
more oligonucleotides.

For a sensor (YES) gate, the ribozyme must
assume an inactive conformation except in the
presence of a particular oligonucleotide, which
triggers activity. For a NOT gate, the effect of
the oligonucleotide is reversed; that is, it deac-
tivates the ribozyme.

For the two-input logical operations AND
and OR, the partition function must consider
four possible states corresponding to the pres-
ence or absence of two inputs.

All gates designed by Penchovsky and Breaker
consist of a catalytic module that undergoes
self-cleavage if the gate is in the active form,
and a recognition module that binds one
or more input oligonucleotides (Fig. la).
Recognition modules can be altered to exhibit
different input specificities with a high likeli-
hood that they will maintain robust switching

MOVEMBER 2005 NATURE BIOTECHNOLOGY
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FEATURE
RIBOZYMES

altering the nuclestides [n the arme.

Several groups 8Te using this technique
te design ribogymes to recognise and
clesve speeific BMNA pequenoss, beth to help
elucidate molecilar mechanisms in ¥ivo and

theraples may one day b d uging

In melecuk Hng and sntiblotle

similsr techniques. However, it is oot yet

e ether thess sberrations are a cause of
an effect of disense. The first applications of
tbena hem.ruquna are likely to be novel tools

For bi Matapors
Fukuda and hisgroupat Fukuska Universine
inJapan are usitg it to urderstiod some of
the mechanisms invelved in RNA editing.
This name is given teprocess:s thet chenge
the chemistry of the bases in BENA during
or after their transeription from DAL
Adenagire-todnesine (A-ta-1) BNA editing,
ag the name implies, irvolves the deami-
nation of adenine to form anather r'unm,
hypoxanthine (inosine izthe l:a.l'pnum
B!nl!!
gusnine, ncs.n Ilml;h.eptmn BEqUEOCE
when [t sorure o prete(n-eoding regione, and
Itregulatesa varlety of blologlel processes,
Fukuda and his co-workers used the
genecic fact can
cleave the Dase sequence UAA DUL DN UGA
[10: uraeil; A: adening G: guanine] and the
similarity between guancsine and inosine to
engineer aribeayme groeture thatclesves
an RMA editing target ite only if the At
subetitution hag not been made. They then
created a lbrary of rhozyire s containing

for bielogy reacarch,’ adde Fuluda.
Rabert Penchovsky of Sofla University
inBulgacia is usng 2 =imilar approsch to
tesign r(bezymes that detect and respond
The presence of spesific small molecules an
aptemer is a short ucleiz acid sequence or &
=mall protein that binds te 3 given mol eculac

The first applications
are likely to be toals for
molecular biology

target, Mogt aptamers are synthetie, and
allosteric ifboaymez- onea that are active
LY WIED & ligand beund suiside the calalytic
domain - can be designed by fusing an RNA
sptamer containing the binding =ivs with, For
sxample, 8 catalytie rmmmertesd cbozyme.
Perchovsky used eomputer modelling to
design maecules otthis 1y pe in which the
rlbuagme eharwesm[‘nrm&ljnn betwesn

this central motif extended ‘hsid
with randem sequenoes and sslected the
maet stable and thersfore meer active one
For furcher testing, ‘This ibezyme dezved

i unedited RNA sequences but notedited ones,
brut it wraz ful ly setive only athigher magnes -

g slun concentiatons than those that ot
incells; saps Fukuds. “Creating a ribozyme

Er.lm worksat physiokgics] salt coneentra-
thns will requise further modification.

hherrahuusma\-m BNAediting have been
obszrved in several diseasss, and Fukuda

g hopes that novel nulele scid-targe ed

sotive and i in resporese totheo-
phirlling, a purine vhatis chemically similar
to eaffeine These simple ribozymes can act
a8 molecular legic gates with the Boolean
logie YES function if theophylline binding
sotivates the ribozyme and the NOT ﬂlmtl'.-nn
irbirdling deacivates ic; says Pench

2an also design n{lgmuc.leu:l.da-aenmgribu—
Zymea that sor 28 AND and and

design, and Penchiovaky [3 secking [nadustrial
collaborators to develop these further.

The ribozonme
Hammerhead dbogymesare Birly emall,
traetable maleculesthat can be synthesizsd
relutively emsily. Thereare sther biclogically
impartant ril , however, thatare
nght &e the other end of the macromolscular
spectrum, The cibosome, the ‘molecular
machine’ that catalyses protein synthess and
1s found in all 10vi r2 eella, has twe subunite
that ooly come together during pratedn.
symthesis, amd each subunitineh des many
protein snd RMA malecules. When the ficst
‘high resolution structure of the large subunit
was publizhed, the meearchers ivolved,
Totm Staitz and his greupat Yale, comimentad
that there were protzins everywhers an the
subunits surface ‘espeptin the active =ite
where peptide bond formation occursand
whete [T conacts the small subunir. sieis
and hiz spworkers coneluded that, very
unexpected ly, ivwas the RNA molecules that
were princdpally, if net salely, invalwed in
peptide aynthealz, with the proteing acting
2z ‘staples to hold them in place. They had
establizhed that the ribosorne I8 a ribozyme.
wvenki Ram akrishnan from the MRC
Labaratery of Molccular Bielegy in
Camnbeldgs, UK, shared the 2005 Nabel prize
In chermistry Fee studies of the ribozeme with
steltz and with ada Yonath of the Welzmann
Inetitute in larsel. He has devoted much
IO restareh Lo understa mding the mecha-
nizm through which the riboseme recoznises

similar biceensor gysteme have already been
uzed in high throughput sereening arrays for
antitacterial drug discovery. There are other
poteridal applications of thiz technlogy

&4 | Cherriziry Wierd | March 2006 | v chemisirpecid org

the three that form a ‘stop

codorr, terminates proteln synthests and
1eleases the newly formed protein, The stand-
ard genetie code uses three stop codons,
Uas, UGaand UaG, and Ramakrishnars

The eliseaary that RN A
e eatalyia ot
s led to the 'RMA
werld by pothesis
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1. braronaps 3a Bamero BHMMaHuero!

2. biarogaps Ha most fokTopar Mapruna TpaiikoBcka u Ha BcuukuTe 10 quniioManTa 3aliMTHIMA B
MosiTa Jadoparopusi ot 2010r Hacam - http://penchovsky.atwebpages.com/teaching.php?page=14

3. baarogaps Ha r-H ABpamoB ¥ akaJl. Cb00THHOB 32 MOKAHATA /1a U3HECA TAa3U JIEKIMS.

HNmare jiu BbIpoOCU?



