Neutrons reveal the superstructure
of signaling systems in nature

Two-component systems (TCS) are responsible
for the communication of microorganisms with the
environment; they are present in almost all domains
of life and are the most abundant signaling systems
in nature. TCS receptors are generally transmem-
brane proteins. Despite the wide interest of the sci-
entific community in the study of TCS, currently
high-resolution structures of only fragments of
these proteins are described in the literature. Diffi-
culties in studying the structure of full-size TCS re-
ceptors are related to the large size and high
dynamics of the water-soluble part of transmem-
brane TCS receptors.

Fig. 1

(A) Signal transduction pathway in case
of the TCS negative phototaxis of N.
pharaonis and (B) domain architecture
of the chemoreceptor dimer from E. coli
(left) and of the complex of rhodopsin II
with its cognate transducer NpHtrll from
N. pharaonis (right).

Puc. 1

Cxema curHanbHoro Kackaga (A)

B cnyyae [IKC oTpuuatenbHoro
¢dotoTakcnca N. pharaonis n cxema
LOMeHHOW apxnTeKTypbl (B) Anmepa x
emopeuenTopos 13 E. coli (cnesa) n
avmepa GOTOCEHCOPHOro KOMMeKca
poponcuHa Il c ero poacTBEHHbIM
TpaHcgocepom NpHtrll 3z N. pharaonis
(cnpaBa).

HenTpOoHbl pacKpbiBalOT

Using small-angle neutron scattering, the
structure of the TCS sensor — a full-length photore-
ceptor complex of sensory rhodopsin with its cog-
nate transducer from the extremophilic archaeon
Natronomonas pharaonis, was studied on the YuMO
spectrometer [1]. Light-activated sensory rhodopsin
I (NpSRIl) induces structural and/or dynamic
changes in the transducer (NpHtrll), which are con-
verted by two HAMP domains and conveyed along
the 200-A-long cytoplasmic kinase module to the
tip region of the cytoplasmic part of NpHtrll. The
transducer-activated histidine kinase CheA (bound
to the adapter protein CheW) undergoes autophos-

CYMepPCTPYKTYPY CUMHAJIbHbIX CUCTEM

[ByxkomMnoHeHTHble cuctembl (JKC) oTBevatoT
33 KOMMYHMKaLMI0O MUKPOOPTraHN3MOB C OKpPY»Kato-
e cpefon; OHM MPUCYTCTBYIOT NOYTY BO BCEX A0-
MeHaXx U1 SIBNAIOTCA Hanbosiee pacnpocTpaHeHHbIMU
CUIHaNbHLIMN CUCTEMaMM B XKBOW npupoge. Pe-
uentopbl [IKC, Kak NpaBuno, ABAAITCA TPAHCMEM-
6paHHbIMK 6enKaMu., HecmMoTpsA Ha LWWMPOKUIA NHTe-
pec HayuHoro coobulecTBa K nsyyenuto [1KC, B Ha-
cToAllee Bpemsa OblAn OnucaHbl B nuTepaTtype
CTPYKTYpPbI C BbICOKUM pa3peLLeHEM TONbKO dpar-
MEHTOB 3TUX 6enKoB. TPYAHOCTU U3YUEHUA CTPYK-
TYpbl NONHOPa3smepHbIX peuentopos [JKC cBA3aHbl
¢ 60bLIIM Pa3MEPOM 1 BbICOKOW ANHAMUYHOCTbIO

BOAOPACTBOPMMON YacTu TpaHCMeMOpaHHbIX pe-
uentopos OKC.

C nomoLLblo ManoyriioBoOro HEMTPOHHOIO pac-
ceAHunA Ha cnekTpomeTpu FOMO unsyyanacb CTpykK-
Typa ceHcopa AKC — nonHopasmepHoro ¢oTope-
LenTOpPHOro KOMMeKca CeHCOPHOro PoAorncrHa ¢
€ro poACTBEHHbIM TPaHCAIOCEPOM K3 IKCTPEMO-
dunbHon apxen Natronomonas pharaonis [1]. Ak-
TMBUPOBAHHbIN NPY BO3AENCTBUN CBETA CEHCOPHDIN
poponcun Il (NpSRI) nHAyLmpyeT CTPyKTypHble
n/unn oMHaMmMyecKkne N3MeHeHUs B TpaHCacepe
(NpHtrll), koTopble npeobpasytotca asymsa HAMP-
JOMeHaMn 1 nepeaatTca BAOMb LUToniasmaTnye-
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phorylation and further transfers the phosphate
group to the response regulators CheY or CheB.
CheY affects the rotational bias of the flagellar motor,
while the methylesterase CheB, along with the
methyltransferase CheR, controls the adaptation
mechanism.

The general scheme of the molecular mecha-
nism of signal transduction involves successive dy-
namic changes in cytoplasmic domains. Both chemo-
receptors and sensory rhodopsin transducers dem-
onstrate different dynamics in adjoining modules,
which correlates with the signal transfer along the
cytoplasmic rod. Homodimers of chemoreceptors
(or rhodopsin-transducer complexes) in the cell
membrane form trimers that constitute the func-
tional units. The trimers of dimers form the struc-

Fig. 2

Images of transmembrane domains
of the NpSRII/NpHtrll complex:

(A) fragment of hexagonal packing
of “O"-shaped trimers of dimers;

(B) “tripod”-shaped model of the
trimer of dimers.

Puc. 2

N306parkeHNs TpaHCMeMOpPaHHbIX
nomeHos kommnnekca NpSRII/NpHtrll:
(A) dbparmeHT rekcaroHasnbHom
ynakoBku “O”-06pa3HbIx TpMMepOB
onmepos; (B) nsobpaxexue “tripod”-
o6pasHoro TprMepa AVMEPOB.

CKOro KMHa3Horo moayns gnvHon 200 Ano KpanHen
obnactu yutonnasmatuyeckon yactu NpHtrll. Ak-
TUBUPOBAHHAA TPAHCACEPOM FMCTUAMHKMHA3a
CheA (cBaszaHHasA ¢ agantepHbim 6enkom CheW)
noaBepraetca aBToPpocPopunmnpoBaHuto 1 Jonos-
HUTENbHO NepeHOCUT pocdaTHyIo rpynny B peryna-
Topbl oTBeTa CheY unu CheB. CheY BnuaeTt Ha
CMelLLeHNe BpaLLeHUA XKryTrKa, B TO BpeMs Kak Me-
Tunactepasa CheB Hapagy ¢ meTunTpaHcdepason
CheR KoHTponupyeT MexaHu3m aganTauuu.
OO6Lwan cxema MOJIEKYNIAPHOTO MeXaH13Ma rne-
pedauv curHana npegnonaraet nocsiefoBaTesibHble
ONHaMNYeCKre N3MEHEHUSA B LMTOMa3MaTUUYeCKNX
JoMeHax. Kak xemopeLenTopbl, Tak 1 TPaHCA0CePbI
CEHCOPHbIX POAOMNCUHOB AEMOHCTPUPYIOT Pas3nny-
HYI0 AUHAMUKY B COCEAHUX MOAYNAX, UTO KOppenu-
pyeT c nepepayent CUrHana BAOSb LUTONNa3MaTu-
YecKkoro «CTepkHsA». flomoanmepbl xemopeLenTo-

tural and functional unit in the formation of two-di-
mensional signaling arrays — compact membrane
supercomplexes responsible for amplifying the in-
coming stimulus.

A molecular model of a hexamer (trimer of
dimers) constructed using the combination of small-
angle scattering data and molecular modeling, was
proposed. It was shown that the dimers of NpSRIl/
NpHtrll in the hexamer associate solely through
contacts between their cytoplasmic regions, whereas
the transmembrane regions of the dimers remain
unconnected, i.e. this is a “tripod”-shaped model,
which differs from the “O”- and “Y"-shaped models
proposed earlier in the literature.

poOB (NN KOMMNIEKCOB POAOMNCUH-TPAHCAIOCEP) B
KIIeTOYHOM MemMbpaHe 0Opa3ytoT TpUMepbI, COCTaBNA-
towme GyHKLMOHaNbHble eanHULbL. TpUMepbl AnmMe-
OB 06pa3ytoT CTPYKTYPHO-QYHKLIMOHANbHYIO eANHU-
Ly npv 06pa3oBaHMM CUTHASIbHBIX [BYMEPHbIX Mac-
C1BOB — KOMMAKTHbIX MEMOPAHHbIX Cyrnep-KoMrieK-
COB, OTBEYAIOLLMX 33 YCUSIEHME BXOAALLEro CUrHana.
MNpencTaBneHa MmonekynApHaa Mogenb rekca-
mepa (Tprmepa AMMepOoB) MOCTPOEHHasA C NOMO-
b0 KOMOMHALMN METOLOB ManoyrioBOro pacces-
HMA U MONEKYNAPHOro MofenmpoBaHus. Takum ob-
pa3oM MoKa3aHo, UTO KOHTaKT MeXay Aumepamm
NpSRII/NpHtrll B rekcamepe onocpefoBaH TONbKO
LMTOMNNa3MaTUUYECKUMUN YacTAMU, TPaHCMeMOpaH-
Hble YaCT! AMMEPOB MPU 3TOM HEe KOHTaKTMPYIOT
APYr C ApYrom, TO eCcTb MeeT MecTo “tripod”-o6pa3s-
HasA mofesib, OTIMYHAA OT NPEeNOXKeHHbIX paHee B
nutepatype “O”- 1 “Y"-00pasHbIX MOgeNe.






