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ABSTRACT. Notchl is a member of a conserved family of large modular heterodimeric type 1 transmembrane
receptors that control differentiation in multicellular animals. Receptor maturation is accompanied by a
furin-dependent cleavage that converts the Notchl precursor polypeptide into a heterodimer consisting of
an extracellular ligand-binding subunit (NEC) and a transmembrane signaling subunit (NTM). Binding
of a physiologic ligand to NEC induces signaling by triggering additional proteolytic cleavages in NTM,
which allow its intracellular region to translocate to the nucleus where it participates in a transcriptional
activation complex. In the absence of ligand, the three conserved LNR modules of the NEC subunit
participate in maintaining the receptor in its resting conformation. Here, we report the solution structure
of the first LNR module (LNR_A) of human Notchl, and identify residues of LNR_A perturbed by the
presence of the adjacent module LNR_B. LNR_A is held together by a unique arrangement of three
disulfide bonds and a single bound?€aon, and adopts a novel fold that falls in the general class of
irregular disulfide-bonded structures. Residues perturbed by the presence of the adjacent LNR_B module
are predominantly hydrophobic, and lie on one face of the module. These studies represent an initial step
toward understanding the structural interrelationships among the three contiguous LNR modules required
for proper regulation of Notch signaling.

Drosophila Notchand its homologues in other multicel- metalloprotease at site S2 renders NTM susceptible to the
lular animals are modular single-pass transmembrane recepsecond essential cleavage at site S3 close to the inner leaflet
tors that participate in a highly conserved signal transduction of the plasma membrane. Site S3 cleavage, which is
pathway. Notch signals are broadly important in regulating catalyzed by a multiprotein complex containing presenilin
cell growth, differentiation, and survival in a variety of and nicastrin 7—10), liberates the intracellular portion of
different contexts, facilitating development and maintenance NTM from the membrane, allowing it to translocate to the
of many normal tissues and cell type).(When Notch nucleus and activate transcription of target gerids 12).
signaling is not properly regulated, a variety of phenotypes  Notch proteins exhibit a highly conserved modular archi-
may appear, including some forms of human disease. Foriectyre (Figure 1), in which distinct repeated structural units
example, signals transduced by Notchl, one of four Notch 516 associated with different functional roles in the intact
proteins in mammals, orchesterate normal differentiation of receptor. The ligand-binding site of hNotch1 lies within the
T lymphocytes %), but constitutive upregulation of Notchl N _terminal series of 36 EGF-like modules, which constitute
signaling causes sporadic human and experimental murinée pylk of the NEC subunit. The EGF repeats are followed
T-cell acute leukemias3(-5). by a negative-regulatory region (NRR) that is responsible

Human Notchl (hNotchl) is initially synthesized as a 350 for maintaining the receptor in a resting state prior to ligand
kDa precursor glycoprotein, which is processed at site S1 binding. This NRR includes three Notch-specific Lin12-
by a furin-like protease during transport to the cell surface Notch repeats (LNRs) and an additional 103-residue sequence
to produce a heterodimer consisting of noncovalently as- up to the furin cleavage site (S1) that defines the C-terminal
sociated extracellular (NEC) and transmembrane (NTM) end of NEC. The NTM subunit has a 69-residue extracellular
subunits (Figure 1). Binding of a DSL ligand (Delta, Serrate, region (NTM-E, which harbors the S2 cleavage site), a
or LAG-2) to NEC initiates two successive proteolytic transmembrane segment (which contains the S3 cleavage
cleavages that occur through a process termed regulatedite), and a large intracellular part that includes a RAM
intramembrane proteolysisg); The first cleavage by a  domain, ankyrin repeats, a transactivation domain, and a

carboxy-terminal PEST sequence (Figure 1).

tSupported by NIH Grants RO1-CA92433 (S.C.B.) and R01-  To date, LNR modules have been identified in only Notch
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Ficure 1: (A) Domain organization of human Notchl (hNotchl). NEC consists of 36 epidermal growth factor (EGF)-like repeats and a
negative-regulatory region (NRR) containing the three family specific LIN12/Notch repeats (LNRs) and a 100-residue C-terminal tail (NEC-
C). NTM contains a short extracellular region (NTM-E), a transmembrane segment, a RAM domain, seven ankyrin repeats, a transactivation
domain (TAD), and a carboxy-terminal PEST sequence:-&.are furin, metalloprotease, and presenilin-dependent cleavage sites, respectively.
(B) Sequence alignment of the three LNRs from different Notch proteins: h, human; zfN, zebrafidtgsdphilg x, Xenopussu, sea

urchin; w, Caenorhabditis elegan€onserved cysteine residues (orange) arti €aordinating residues (D30/D33 red; N15, green) from
hNotch1l LNR_A are highlighted.

these modules are always foued blocas a group of three MATERIALS AND METHODS
and are the most highly conserved part of the NEC subunit.

This high degree of sequence conservation likely reflects the Protein Expression and PurificatiorlNR_A (hNotchl
functional importance of the LNRs in maintaining the residues 14461480) was expressed, purified, and refolded

; ) . . 15N[.
receptor in its resting conformation prior to ligand binding. lesbselngally tas_ described pfr_e\élofusI;BX. llIJnlforme . NM9T
Assignment of this functional role to the LNRs is supported abeled proteins vyerse puriiied from Cells grown In

by observations showing that point mutations in the LNRs ?r:g'?glnﬁggjsné Vv\\lllgi aN d':;"'gjl ‘?j tr;gdss(lzistﬁgrgce) oiEfnnlt;c;]gden,
of the worm Notch receptor LIN12 result in gain-of-function 9 P

. . 13C-labeled protein. Purified proteins were lyophilized and
pheno_typgs](4), and that.delefuon.s removing the LNRs lead stored at £C until they were used. LNR_B (residues 1481
to activation of Notch signaling in reporter assays (t&f

. . 1528) and LNR_AB (residues 1448528) were purified

and unpublished observations of J. C. Aster). using) the same stratégy and stored in th)e samepway.

Because the LNRs participate in control of Notch activa-  Calorimetry ExperimentsFor isothermal titration calo-
tion and represent highly conserved unique structural mod- rimetry (ITC) experiments, a stock solution of 1 mM CaCl
ules of the Notch receptor ectodomain, we determined thewas added in 7.5L increments to a 10«M LNR_A
structure of a prototype LNR module from hNotchl (LNR_A) solution in 50 mM PIPES (pH 6.0) buffer at room temper-
by NMR. This structure provides the first atomic-resolution ature. Protein concentrations were determined using the UV
information about any Notch LNR repeat and defines the absorbance of LNR_A at 280 nm. The raw data were baseline
distinct features of this novel protein module. By further corrected, and the binding curve was plotted using Origin
identifying sites of perturbation resulting from the added 5.0. The dissociation constant was extracted from curve
presence of the adjacent LNR_B module, we also take anfitting the data to a one-site binding model using the ITC
initial step toward understanding the structural interrelation- module of the Origin software package.
ships among the three contiguous LNR modules within the  NMR SpectrometrySpectra were acquired on a Varian
Notch NRR, a key region of the receptor required for proper Unity 400 MHz, Bruker 500 MHz, or Bruker 600 MHz
regulation of signaling. spectrometer equipped with either a triple-resonance cryo-
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probe or a regular probe. All spectrometers are equipped with  NOE-derived distance constraints were obtained by strati-
pulsed field gradient units and with actively shielded fyingthe measured volumes of NOESY cross-peaks into five
Z-gradients. Spectra were acquired using standard procedureslasses. Peaks from each class %) were assigned a lower
(16), processed on Silicon Graphics workstations with Felix limit of 1.8 A and an upper limit of 3.0, 3.5, 4.2, 4.8, and

97 software (MSI) and NmrPIPELY), and analyzed using
NmrView (18). Under the conditions used for the NMR

5.5 A, respectively. An additional 0.5 A was added to the
upper limit of stereochemically ambiguous NOEs. Specific

experiments (see below), both LNR_A and LNR_AB migrate volume cutoffs used for individual spectra were chosen to

as a monomer at concentrations up to 80 as judged by
gel filtration chromatography.
Initial backbone assignments f&iC, 1N, andH reso-

maximize agreement in class assignment for peaks seen in
different spectra. Three disulfide-bond constraints were added
on the basis of the previously established disulfide con-

nances were completed using the HNCA and HNCOCA nectivity (13), verified by the observed NOEs.

experiments. Assignments were verified by the sequential

Fifty preliminary structures that did not contain a’Ca

assignment strategy using 150 ms three-dimensional (3D)ion were calculated using the torsion angle protocol in CNS

I5N-NOESY-HSQC, 200 ms two-dimensional (2BjN-
HSQC, and*C-HSQC. Data were taken at 26 on 1 mM
15N-labeled or**N- and*C-labeled protein samples in 90%
H,0, 10% DO, and 10 mM CaGl(pH 6.5). For side chain
and NOE assignments used for structure calculatiting,

(20) and then used as an input for the dynamic simulated
annealing regularization and refinement (DGSA) protocol
in CNS. The DGSA protocol was carried out in 30 000 steps
starting from 3000 K using a new extended template
molecule that contained an arbitrarily placec?Cmn and

and 'H chemical shifts were also assigned for spectra three additional distance constraints from the predicted heavy
recorded at 4C on the same samples, as well as for spectra atom donors to the Gaion (with an upper limit of 2.8 A).

recorded at 10C on a 1.5 mM'N-labeled protein sample
in 50 mM deuterated PIPES, 10 mM CaCind 10% RO
(pH 7.0).'H chemical shifts were directly calibrated using

DGSA runs with and without inclusion of the &aion
yielded essentially identical structural ensembles for the
protein. Forty-eight of the 50 calculated structures contained

2,2-dimethyl-2-silapeptane-5-sulfonate (DSS) as an internalno distance constraint violations greater than 0.3 A and no

standard, and®N and13C chemical shifts were referenced

dihedral angle constraint violations greater than(bable

indirectly to DSS. Side chain assignments were determined1). The 15 lowest-energy structures with?Cavere then

from 1N-TOCSY-HSQC (mixing time of 60 ms) combined

chosen to calculate a minimized average structure, which

with additional 2D experiments, including 2QF-COSY and was subjected to protein structure validation using PRO-

2D TOCSY (in both HO and DO, with mixing times
ranging from 10 to 70 ms). 2D NOESY (mixing times of
175 and 200 ms) an®N-NOESY-HSQC (mixing time of

CHECK-NMR (21). Structures were analyzed and visualized
using the molecular graphics programs MOLMOR2),
GRASP @3), and POV-Ray 3.5 [POV-Ray Team (http://

175 ms) experiments were used to obtain the spectra for thewww.povray.org)]. Coordinates for the 15 lowest energy
NOE assignments. Assignments were performed manuallyLNR_A structures and the energy-minimized mean structure
in NMRView. Ambiguities were resolved by cross validation have been deposited in the protein data bank under the
from peaks observed in different NOE experiments (both accession code 1PB5.
homonuclear and heteronuclear experiments carried out at
different temperatures and pH values). The legitimacy of the RESULTS
manual assignments was again cross validated with the fully Ca?" Binding Affinity of LNR_AWe showed previously
automated assignment protocol in CYANA; only unambigu- that folding of LNR_A to a unique disulfide isomer readily
ous NOE assignments were used in initial structure calcula-occurs in the presence, but not in the absence, of calcium
tions. Once clear structural convergence was achieved, thg13). Indeed, the HSQC spectrum of LNR_A exhibits good
preliminary structures were used to guide resolution of other chemical shift dispersion in the presence of exces% ,Ca
ambiguities. Several iterations of this cycle of assignment giving a single set of resonances indicative of a unique, well-
followed by structure calculation were carried out until no defined structure. To evaluate the ion specificity of this
further distinction among possibilities could be achieved. The binding site, we acquired one-dimensional (1D) NMR spectra
final input to the CNS structure calculation protocol included of LNR_A in the presence of saturating concentrations of
27 ambiguous constraints (among a total of 732), most of Zn?", Ni?*, Mn?" Cc*, and Mg, and compared them with
which were intraresidue ambiguities about side chain atom the spectra acquired in the presence or absence 9f. Ca
identity. Spectra of LNR_A acquired in the presence ofZmi?*,
Dihedral angle restraints for the backbap@ngles were Mn2*, and Mg" were all dominated by broad peaks and
derived mainly from vicinal coupling constant8Jn,) exhibited meager chemical shift dispersion; even thé"Cd
determined from HNHA and HMQC-J experiments. TALOS spectra only displayed a slight improvement in dispersion.
(19) backbone angle predictions (with80% consistency)  These findings indicate that the LNR_A ion-binding site is
were used to provide addition@landy angle restraintg; highly selective for C& and does not readily accommodate
angle restraints and stereospecific assignments for theother divalent metals.
p-protons were obtained using a combination of HNHB and ~ We quantified the C& binding affinity of LNR_A by
short mixing time TOCSY (10 ms) and NOESY (50 ms) isothermal titration calorimetry (ITC). The module binds
experiments. Stereospecific assignments for the ¢bups Ca*, with a dissociation constant of 40 1 uM and with a
of asparagine and glutamine residues were determined orstoichiometry of 1:1 (Figure 2). Plotting the chemical shifts
the basis of characteristic NOE patterns in a short mixing of well-resolved resonances in a series of 1D and 2D NMR
time NOESY spectrum (50 ms) and the chemical shift index spectra in C# titration experiments gives a similar value
(CSl). of Ky (data not shown).



7064 Biochemistry, Vol. 42, No. 23, 2003 Vardar et al.

Table 1: NMR Restraints and Structural Statistics

Distance Restraints 0 = vy
total 732 m””””
intraresidue 247 8
sequential|{ — j| = 1) 202 7]
medium-range (2 |i —j| < 4) 179 =
long-range|i —j| > 4) 101 8 A -
Cé* distances 3 = Kq= 40+ 1.32 uM
Dihedral Restraints
total 52 . .
) ((C'i—l_Ni_Cui_C'i)) 24 o time (minutes)
P (Ni=Coi—=C'i—Nisy, 17 ' T T T T T T T
71 (N—Ci~Cy—Cy) 11 - 0 4060 80 100 120 13
Stereospecific Assignments k3] 2
total L
B-methylene groups 15 R
NH.-terminal amide groups 4 "'5
for Asn/GIn o 44
Ramachandran Phst g
total no. of residues % ~ -6
most favorable region 243 (17) 57.9 8
additionally allowed region 162 (10) 38.6 _
generously allowed region 0(0) 0.0 -84 . . . . :
disallowed region 15 (1) 3.6 DID 0I5 1I0 1I5 2|0 25
glycine residues 60 (4) ’ ’ 3 . ' '
proline residues 15(1) o molar ratio ) )
end residues 30 (2) Ficure 2: Affinity of LNR_A for Ca?* determined by isothermal
o titration calorimetry (ITC). The heat absorbed by LNR_A is plotted
_ _ Average rms Deviation as a function of the amount of added2€a.NR_A binds C&" in
experimental distance restraints (A) 0.030®.0001 a 1:1 stoichiometry with &g of 40 & 1.3 mM.
experimental dihedral angle 0.6662+ 0.0158

restraints (deg)

idealized covalent geometry 0.11 A for the backbone atoms and 0.49 A for all heavy

bonds (A) 0.0049+ 0.0001 atoms (residues C4AC34, Table 1).
angles (deg) 0.5942 0.0051 . . .
impropers (deg) 03414 0.0038 Structures calculated without &aconstraints contain an

o _ empty space that is large enough to accommodate?a Ca
Average rms Deviation of Atomic ion, surrounded by the side chains of conserved acidic and
Coordinates among the 15 Structures . . .. . L
polar residues predicted to participate in"Caoordination
(13). The -protons of these side chains, which belong to
EaCkbO“e (A)A 0-27712 0-114 N15, D30, and D33, exhibit significant deviations from
eavy atoms (A) 0. 0.490 random coil chemical shifts, consistent with their participa-
2 Distance constraints from side chain oxygens of N15, D30, and tjgn in coordinating C&#. On the basis of sequence align-

D33 to C&" as described in Materials and Metho&egion of the . . .
Ramachandran plot as defined by PROCHECK-NMRalues in ment, the previous observation that mutation of each of these

parentheses are for the minimized average structure of the 15 lowest-'esidues to alanine abrogates proper folditg),(and the
energy structures. observed hole in the structure calculated without inclusion

of a calcium ion, we inferred that the calcium ion occupies

NMR Structure DeterminatiotWe determined the three-  the empty space surrounded by these side chains. Therefore,
dimensional structure of LNR_A by solution NMR spec- We included three explicit distance constraints (with an upper
troscopy. Assignments and constraints for NMR structure limit of 2.8 A) from a C&" ion to the side chain oxygens of
calculations were derived from spectra of samples containingN15, D30, and D33 during final refinement in CNS. These
10 mM C&t at pH 7.0, because Saturatingzﬁaoncentra- additional constraints did not result in any new NOE or angle
tions and neutral pH are critical for maintaining a well-folded Violations, and the rmsd between the minimized average of
structure (see above). Constraints used for structure calculathe 15 lowest-energy structures calculated with and without
tions and statistics for the 15 lowest-energy structures andthe C&* constraints is 0.12 A.
their minimized average are summarized in Table 1. |LNR_A is held together primarily by its three disulfide
PROCHECK-NMR evaluation of the ensemble and the ponds and by participation of N15, D30, and D33 in
minimized average structure indicate good overall stereo- coordinating the bound Gaion (Figure 3B). The module
chemical geometry with only the first cysteine residue (Cys4) contains little secondary structure, possessing just a short
in a disallowed region of the Ramachandran plot. a-helical turn from C9 to D12 and a 3-10-helix between W29

Description of the StructureLNR_A adopts a single  and D33. Surprisingly, the hydrophobic side chains of V17,
conformation in solution, with well-defined backbone co- L20, H25, and W29 are not buried within the central core
ordinates between its first and last cysteines. Superpositionof the module. Instead, the core is constructed from C9 and
of the ensemble of structures (Figure 3A) yields a root-mean- C22, which form a disulfide bond, the side chains of A13,
square deviation from the minimized average structure of S19, N23, and A26, and the calcium-coordinating residues

all residues residues<B4
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C-term C-term

Ficure 3: NMR solution structure of LNR_A. (A) Stereoview of the 15 lowest-energy structures of LNR_A. The best-fit superposition of
the polypeptide backbone between the first and last cysteine residues is shown. The three disulfide bonds are orafigrtlie iae,

and the Ca"-coordinating residues are red (D30/D33) and green (N15). (B) Stereoview of the ribbon diagram for the minimized average
structure of LNR_A.

180° DISCUSSION

Notch proteins such as human Notchl have a modular
organization in which different types of repeated structural
units combine to form the mature, functional receptor. The
extracellular subunit of human Notchl contains 36 EGF-
like repeats and three LNR modules, while the NTM subunit
y contains a series of seven ankyrin repeats. Functions have
C-term been ascribed to the EGF modules and the ankyrin repeats:
FIGURE 4: Surface representation of LNR_A, colored according the EGF-like modules encompass the binding site(s) for
to electrostatic potential. The surface has been colored using aligands of the Delta and Serrate famili€g), and the ankyrin
sliding scale from blue (20 kT/e) to red-R0 kT/e). In the left  yepeats participate in the formation of the nuclear transcrip-
panel, the module s oriented as in Figure 3. tional activation complex25—27). The three LNR modules,

. . which are present in all Notch receptors and unique to them,
D30 and D33, which have solvent-accessible surface areasye cysteine-rich repeats located near the C-terminal end of
of 0 and 21 & (14%), respectively. The ba(.:k.bone am!de the NEC subunit. Though the details of their mechanistic
protons of V17, C22, C27, and W29 exhibit protection role have not been fully elucidated, these repeats participate
against exchange even aftg h at pH7.0, indicating that  in maintaining the mature Notch heterodimer in a resting
the core is reasonably well-packed despite the paucity of state prior to ligand-induced activatio7).
secondary structure. In the absence of calcium, the module The structure of the prototype LNR module reported here
would bear a highly negative net charge. However, the boundrepresents a new fold within the general class of irregular,
calcium ion attenuates the charge of the buried side chainsdisulfide-bonded structure28). Despite the lack of ap-
of D30 and D33 at the surface (Figure 4). preciable secondary structure, the unique arrangement of
three disulfide bonds and a single®Caon is sufficient to
hold the module in a well-defined, compact tertiary structure.
Among cysteine-rich extracellular modules, LNR_A shares

C-term

Interaction Face between the First Two LNR Moduld®
examined the structural influence of LNR_A and LNR_B
upon each other by comparir§N,"H-HSQC speqtrq of the unusual property of having a structurally important'€a
LNR_A, LNR_B, and the LNR_AB module pair in a i qing site with the ligand-binding, type A (LA) modules
chemical shift perturbation experiment (Figure 5). Not ¢ ine | DL receptor 29, 30), and a subset of Gabinding
surprisingly, the perturbed region includes residues at the GF-|ike (cbEGF) modules3(). However, the detailed
C-terminal end of LNR_A around the covalent connection features of the LNR A C4 coordination site, which is
between modules. More significantly, however, the influence established in part t;y the two aspartates of the DGGD
of intermodule interactions between LNR_A and LNR_B sequence from residues-383 and the conserved N15, are
extends further, along the face of LNR_A that in isolation different from the arrangements seen in LA and chEGF
exposes the side chains of three hydrophobic residues, L20modules. With regard to Cacoordination, it is also worth
H25, and W29 (Figure 5). noting that the serine residue at position 19 of the human
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Ficure 5: Interdomain interactions between LNR_A and LNR_B. (A) Comparison of assi§hedH HSQC spectra of LNR_A (red),
LNR_B (blue), and the LNR_AB pair (black) in an overlay plot. (B) Molecular surface representation of LNR_A colored according to
chemical shift perturbation. The perturbation scale was established by calculating the sum of HN amemical shift differences between
resonances of LNR_A in the isolated module (LNR_A) and in the module pair (LNR_AB). In the top left panel, the module is oriented as
in Figure 3.

Notchl LNR_A structure is commonly an aspartate or an These residues include not only the C-terminal residues of
asparagine in other LNR modules (Figure 1B). Introduction LNR_A but also exposed hydrophobic residues V17, L20,
of an additional constraint between the side chain oxygen H25, A26, and W29 and the side chain amides of N23. The
of S19 and the Cd ion does not result in any new violations  involvement in intermodule interactions with LNR_B likely

during structure calculations. Thus, it is certainly possible explains why these hydrophobic residues (especially W29,

that S19 of LNR_A (and by extension the corresponding which is highly conserved) are exposed on the module
aspartate or asparagine residues of other LNR modules) isgrface, rather than buried in its interior.

also part of the Ca& coordination sphere. Indeed, LNR_B, _ _ )
which has an aspartate residue at this position, binds Ca  Although there is functional evidence that the LNRs are
~4-fold more tightly than LNR_A, an increase in affinity ~ critical for the regulation of Notch signaling, the details of
consistent with what one might expect if participation of an how they maintain the receptor in a resting conformation
aspartate residue in binding creates a more well-optimized prior to ligand binding and prevent the activating intracellular
C&" coordination site. Finally, the modest Tanffinity of cleavage remain unknown. A major unresolved mechanistic
LNR modules suggests the possibility that the?’Ceoor- guestion is how the binding of a ligand to the N-terminal
dination sphere is not fully occupied, and that a bridging modules of the Notch NEC subunit hundreds of angstroms
ligand at the open coordination site might participate in from the cell membrane triggers proteolytic cleavage of the
stabilizing intra- or intermolecular interactions of one or all noncovalently associated NTM subunit within 12 residues
of the LNR modules. of the membrane-spanning sequer® 83). One proposed
Several lines of evidence suggest that the three Notchmodel for how ligand binding triggers activation is the
LNRs are structurally interdependent, with the linker regions “mechanical tug” model, which supposes that binding of cell
defining a precise intermodule arrangement required for g face Notch receptors to ligand-bearing cells exerts a force
negative regufla:’;:on. F'(rjs_t’ thetNot((:jh ILNRS are 6:"’(‘;3?/5 found rgn the NEC subunit that leads to heterodimer dissociation
as a group of three adjacent modules separated rom eachy,. oyhosyre of the S2 cleavage sisd,(35). Tight packing
other by two €-10-residue linkers. Second, the high degree of the LNR interdomain interfaces might be critical for

of cqnservatlon among the !‘NR modules from different maintaining Notch in its resting conformation, or for use in
species also extends to the linker sequences between them

: ; . . propagating the “tug” (signal) from the amino-terminal
(Floure ) Thi. an axgnin Lo Lyplopnan (R6721) 95 igand bindng EGF morkes 0 cxpose he 52 cleavage sie
in the linker between LNR_A and LNR_B, suggesting that within NTM. Alterngnvely, the NOtCh NEC subunit m|ght
the native sequence of this linker is required to keep the UNdergo a dramatic conformational rearrangement in re-
receptor in its resting conformation. sponse _to _Ilgand, analogous_ to the I_arge-scale stru_ctural

To determine whether LNR_A is structurally influenced T€organizations proposed for integrins in response to ligand
by the presence of the neighboring LNR_B module and/or (36—38), or lipoprotein receptors in response to changes in
the A—B linker, we compared the HSQC spectra of the PH (39). Ultimately, a comprehensive view of how ligand
individual LNR A and LNR B modules with that of the binding leads to activation will require an understanding of
LNR_AB module pair. Upon covalent connection to LNR_B how both adjacent and distantly positioned extracellular
via the native linker, the amides of LNR_A residues that modules of Notch are structurally and functionally integrated
exhibit perturbations lie clustered on one face of the module. with one another.
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