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ABSTRACT. The extraordinary recognition specificity of lectins for carbohydrate ligands appears to be
violated as they also bind to porphyrins and other noncarbohydrate ligands. In this study, crystal structures
of mesetetrasulfonatophenylporphyrin gAPPS) bound to peanut agglutinin (PNA) in the presence and
absence of lactose were determined. The binding RPS with PNA involved 11 molecules of;H

TPPS in different supramolecular stacking arrangements associated with a tetramer of PNA in the crystals
of the PNA-H,TPPS binary complex as well as the PNH,TPPS-lactose ternary complex. The ternary
complex involved lactose binding only to two subunits of the PNA tetramer, which did not have porphyrin
interacting in the vicinity of the carbohydrate-binding site. Comparison of the two structures highlighted
the plasticity of the carbohydrate-binding site expressed in terms of the conformational change in lactose
binding. The unusual quaternary structure of PNA, which results in exposed prpteitein interaction

sites, might be responsible for the porphyrin binding. The association of porphyrin in diverse oligomeric
stacking arrangements observed in the PNATPPS complex suggested the possibility of protein
porphyrin aggregation under abnormal physiological conditions. The structures described here provide a
possible native conformation of the carbohydrate-binding site of PNA in the absence of the ligand, highlight
mapping of the unsaturated binding surfaces of PNA using porphyrin interactions, indicate new leads
toward possible application of this lectin in photodynamic therapy, and exhibit diverse modes of perphyrin
lectin interactions with implications to porphyria, a disease that results from abnormal accumulation of
porphyrins.

Aberrations due to breakdown in the specificity of mo- a carbohydrate moiety, in the absence of any topological
lecular recognition could effectively disrupt the otherwise similarity between them, was also evident in the previously
highly regulated cellular mechanisms. For example, auto- determined crystal structure of concanavalin A (ConA)
immune disordersa manifestation of molecular mimicry complexed withmesetetrasulfonatophenylporphyrin ¢H
are directly linked to the failure of the immune system in TPPS) 0). In addition to ConA, HTPPS has also been
specifically discriminating self from nonselt,(2). Similarly, shown to interact with a variety of other lectins0(14).
many amyloid-type disorders are an outcome of the non- Recently, we reported the crystallographic analysis of the
specific aggregation arising from improper protein folding binding of HLTPPS with jacalin 15), showing yet another
(3, 4). The factors affecting the specificity of molecular mode of lectir-porphyrin interactions. The dissimilarity of
recognition have been a focus of our investigations during interactions of HTPPS with these two lectins inspired further
the past several years{9). We have shown that chemically  structural studies on binding of porphyrins with other lectins
independent molecules could invoke similar physiological possessing diverse specificities. Crystallographic analysis of
responses, even if they do not share the entire repertoire ofH,TPPS-peanut lectin (PNA) interaction was thus under-
structural properties while interacting with the corresponding taken, leading to physiological insights regarding porphyrin
receptors, thus exhibiting functional mimic7). Mimicry polymerization through protein interaction.
between two otherwise unrelated molecules, a porphyrinand pna is a nonglycosylated tetrameric lectin with a molec-

ular mass of 110 kDa. Although it is specific for the
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has made it f’i useful diagnostic tool. Itis also a unique lectin Table 1: Data Collection and Refinement Statistics for the Binary
because of its unusual quaternary struct@®.(The four (with H,TPPS) and Ternary (with lactose andT®PS) Complexes
subunits of the tetramer are not related to each other byof PNA

conventional 222 or 4-fold symmetry, although they have binary ternary
similar tertiary structures and possess equivalent carbohydrate- complex complex
binding sites. - o . . space group P3, P3,
The porphyrin-PNA binding was investigated crystallo- cell constants (A)
graphically by determining the crystal structures of the 2 22-480 ‘ﬁfl
F_‘NA—porphyrln—Iactose ternary complex at 3.10 A resolu- maximum resolution (A) 312 3.10
tion and the PNA-porphyrin binary complex at 3.12 A completeness (%) 90.7 89.7
resolution. The porphyrins bind with partial overlap withthe  completeness in the last shell (%) 94.7 91.2
carbohydrate-binding site in the case of two PNA subunits  NO- O]f Ob?’efvedgef"?d‘o“s 58861 50192
and with no overlap in the case of the other two subunits. ?nomtci’plti’g't?/”e reflections ) %5840 1 56376
The porphyrin molecules also bind to PNA in the vicinity  ayerage/(ol) 76 79
of the exposed subunit interacting surfaces, which arise due averagd/(ol) in the last shell 2.0 1.8
to the unusual quaternary structure of the lectin. The Rmerg?(%)l Cat 8-28 922
H H ; Nno. or solvent atoms
comparison of the two structures also hlgh.I|ghts th(_a confor- rms deviation for bond lengths (A) 0011 0.010
mational change accompanying lactose binding with PNA. s deviation for bond angles (deg) 1.51 1.47
Reryst (%0) 22.6 22.0
MATERIALS AND METHODS Riree (%) 26.3 24.5
) Reystin the last shell (%) 33.6 35.9
Preparation of PNA-H,TPPS and PNAH,TPPS- Reee in the last shell (%) 38.5 39.4

Lactose Complex Crystal®NA was isolated from peanut
seeds and purified by affinity chromatography as described
previously @2). The hanging drop method was used for
crystallization. PNA (30 mg/mL) and the molar equivalent
of H,TPPS (Alfa Inorganics) were co-incubated fer2
weeks for the PNAH,TPPS complex. In the case of the
ternary complex, 0.1 M lactose was added to the mixture.
In both the cases, the reservoir solution contained 0.4 M

(NH4).SO; and 0.25 M NaCl in 20 mM phosphate buffer oy amer of PNA. Only two of the four subunits of PNA,

(pH 7.2). , ) . ) o , therefore, show bound lactose (Figure 2b). Thus, both the
X-ray Diffraction Data CollectionThe diffraction intensity quaternary structure of PNA and the arrangement of por-

data were collected for the PN—AHZTPPS—Iactos_e complex phyrin molecules in the two complexes are identical.

and for the PNA-HTPPS complex on an image plate The characteristic “open” quaternary structure of PNA,

detector (Marresearch) installed on a rotating anode X-ray similar to that in the PNA lactose complexd(?), is preserved

sochJ_rcg (Rigﬁku& operated at 40 k;/ af‘d 70 mA (C%K in both structures. The tetramer of PNA exists as a dimer of
radiation). The data were processed using DENZE) &n two dimers, with subunits A and D constituting a dimer

subsequently' spaled using SCALEPACRAY The Qata associated with another dimer comprised of subunits B and
collection statistics for both the complexes are givenin Table ~ 115 s bunit interactions at the interface of subunits A
1 i i and D are similar to those at the interface of subunits B and
Structure Solution and Refinemektolecular replacement ¢ However, the subunit A and B interaction site is different

calculations were carried out using AMOR) A tetramer o that of subunits C and D. The association of subunits
of PNA (PDB entry 2PEL) was used as a model for rotation/  p anq B is similar to the expected canonical form of subunits
translation function calculation between &lahA resolution as seen in ConA. This interface can thus be termedA

in both cases, Ieadlng. to unamb|guous solutions. The modelsyhich is unoccupied in subunits C and D. The association
were subjected to refinement using CN2s) TheF, — Fo mode of subunits C and D is unique to the PNA tetramer
map _made after rigid bc_;dy_ refinement _showed C|EF_:lI’ elec_trqn (17), the interaction site corresponding to the B interface

density for the porphyrin ligands. Conjugate gradient mini- s exnosed to solvent in subunits A and B. Thus, three
mization and unrestrained B group refinement were carried iterent intersubunit interfaces exist on each subunit. One
out for both crystal structures. Water molecules were picked ¢ the interacting surfaces is involved in monomeronomer

up usingF, — Fc map with an electron density cutoff of  .,niacts leading to the formation of the dimer. The remaining
2.50. The statistics of the final refined models are given in 4 interaction surfaces, involved in forming the tetramer

Table 1. from two dimers, are exposed in each of the other two
subunits.
RESULTS AND DISCUSSION The 11 HTPPS molecules bound to the PNA tetramer in
Overall Structures of the PNAH,TPPS and PNA the asymmetric unit are distributed in five crystallographi-
H,TPPS-Lactose Complexe®NA cocrystallizes with K cally independent clusters (Figure 2a,b). All the porphyrin
TPPS with a symmetry packing that is different from that molecules exhibit well-defined electron density suggesting
of any of its complexes with carbohydrate ligands determined reasonable occupancy. A pair of porphyrin molecules stacked
earlier (8—21). The molecular packing of the PNAH,- together throughr—s interactions is associated with each
TPPS complex in crystals is shown in Figure 1. The ternary of the four monomers. Another set of three porphyrins,

complex of PNA with HTPPS and lactose also crystallized
with a symmetry packing similar to that observed for the
binary complex. The asymmetric unit in the PNA,TPPS
binary complex consists of 11,FIPPS molecules associated
with a tetramer of PNA (Figure 2a). The asymmetric unit in
the ternary complex consists of two lactose molecules in
addition to the 11 KTPPS molecules associated with a
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a axis showing cross-linking of the peanut lectin tetramer through a complex network of stagkE&$ molecules.
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Ficure 2: Tetramer of peanut lectin (gray) showing interactions with 2IPPS (black) molecules. Stereo drawing of the contents of the

asymmetric unit of the (a) porphyrfPNA binary complex and (b) porphyrfPNA—lactose ternary complex in the respective crystal

structures. Lactose (black) occupies the carbohydrate-binding site in subunits C and D of the PNA ternary complex but not in subunits A
and B. The HTPPS molecules are labeled according to their association with the PNA subunits.

similarly stacked, mediates interactions of subunit A with symmetry-related D and C subunits, respectively. The pairs
subunit B of a symmetry-related tetramer. The porphyrin of stacked porphyrins associated with subunits C and D do
pairs associated with subunits A and B bind at equivalent not interact with any symmetry-related protein molecules.
positions. Similarly, the pairs of porphyrins interacting with Instead, they interact with the porphyrin stacks associated
subunits C and D are also equivalently juxtaposed. However, with subunits A and B of symmetry-related tetramers, leading
the interaction sites of porphyrin pairs of subunits A and C to the formation of a set of four porphyrins through stacking
are not equivalent, nor are those of the B and D pair. Thus, interactions. Thus, the association of porphyrins in forming
effectively the stacks of porphyrins interact with PNA at three a finite stack throughr—s interactions, while binding to
independent sites. The pair of stacked porphyrins binding atdifferent PNA subunits and the symmetry-related molecules,
subunits A and B of one tetramer also interact with the results in PNA-H,TPPS cross-linking, forming an infinite
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FiGure 3: Stereoscopic images highlighting the conformational change in the carbohydrate-binding site of PNA upon lactose binding. (a)

Comparison of the binding site loop conformation between subunit D of the-FHNAPPS binary complex (blue) and lactose-bound
subunit D of the PNA-lactose-H,TPPS ternary complex (orange). In the ternary complex, the conformation of the PNA (ribbon) loop
comprising residues 95106 is different from that of the binary complex in lactose-bound subunits C and D (sticks) but is same as that in
the binary complex for subunits A and B. (b) ThE,2— F. electron density map for the conformation of the loop comprising residues
95—104 of subunit D of the binary complex, contoured atol.The alternate conformation of the loop, as seen in lactose-bound subunit
D of the ternary complex, is superimposed in gray.

supramolecular network of lectin molecules (Figure 1). only the porphyrins bound is3.4 A. The largest change is
Two of the four carbohydrate-binding sites of PNA are observed for residue Gly102, the main chain of which is
partially occupied by porphyrins, and the other two are displaced toward the opening of the carbohydrate-binding
completely unoccupied in the PNA4,TPPS binary com-  cavity by ~6.3 A.
plex. Two pairs of porphyrins interacting with subunits A Structural Comparison of the Binary and Ternary Com-
and B bind near the corresponding lactose binding sites, plexes Suggests Conformational Rearrangement in the
partially covering it, while the porphyrin association in Carbohydrate-Binding Site on Lactose Bindifidne carbo-
subunits C and D is farther from the carbohydrate-binding hydrate-binding site of PNA is essentially made up of four
sites. In the ternary complex, lactose molecules occupy theloops, residues 7583, 91-106, 125-135, and 211216
carbohydrate-binding sites of subunits C and D, while the (20, 21, 27). The comparison of two crystal structures
carbohydrate-binding sites of subunits A and B remain empty reported here indicates a conformational difference in the
(Figure 2b). carbohydrate-binding site of PNA depending on the presence
The monomer of PNA consists of a single chain of 236 or absence of lactose. The conformation of loop-286 is
residues. Only the first 232 of the 236 residues of the PNA identical within all the four subunits of the PNAH,TPPS
monomer could be traced, as the electron density for the lastcomplex. Interestingly, it is different from the corresponding
four residues was perhaps disordered. The tertiary structurdoop in the lactose PNA complex (7). The conformation
of subunits A and B was similar in binary and ternary ofloop 95-106, for subunits A and B in the ternary complex,
complexes. However, in the case of subunits C and D, thewas the same as that in the binary complex. However, this
loop of residues 95106 exhibits a different conformation loop adopts a conformation similar to that in the case of the
in the ternary complex (with bound lactose) as compared to lactose-PNA complex for subunits C and D. This is due to
the binary complex (without lactose), while the rest of the the lactose molecule occupying the carbohydrate-binding site.
structure was similar. Comparison of the carbohydrate- As mentioned above, the ,FiIPPS molecules were bound
binding site geometries in the two structures has beenaway from the carbohydrate-binding site in these subunits.
elucidated in Figure 3. The rmsd for the loop involving Thus, comparison of subunits C and D in the binary complex
residues 95106 of the subunits that possess the lactose andwith the corresponding subunits in the ternary complex
the porphyrins bound together and that of the subunits havingsuggested that the loop conformation was different depending
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on the presence or absence of the lactose moiety (Figure 3)to those of porphyrinsd and 61l) bound to subunit D.
The porphyrins associated with subunits A and B exhibited Similarly, the interactions of porphyrialll with subunit A
an influence on the carbohydrate-binding site through the are equivalent to those of porphyrihll with subunit B of
interactions with loop 95106, which was apparently locked a symmetry-related molecule. Porphyfil/ alone does not
in the conformation corresponding to the lactose-free statehave an equivalent. The geometrical relationships of these
in the ternary complex. This native state was stabilized in equivalences are evident in Figure 2. The detailed contacts
the porphyrir-PNA binary complexes due to the favorable of one set of porphyrins with the PNA residues are illustrated
interactions of this loop with porphyriall in subunit A and in Figure 4.
porphyrin gl in subunit B. This is consistent with the Porphyringl interacts with only four residues of subunit
observation that the two subunits of the ternary complex (A B and three residues of subunit C of a symmetry-related
and B), which have porphyrins interacting close to the molecule (Figure 4a). Porphyrifill shows van der Waals
carbohydrate-binding site, exhibit no density for the lactose contacts with six residues of subunit B and two residues of
moiety. On the other hand, in subunits C and D, no such symmetry-related subunit C. The porphine core interacts with
interactions were observed and the lactose binding wastwo hydrophobic residues of subunit B, while also interacting
accompanied by a conformational change as seen in thewith another hydrophobic residue of the symmetry-related
ternary complex. Thus, since the porphyrins were bound at molecule. Figure 4b depicts the interactions of porphyrins
unrelated positions in two of the four subunits of PNA, it Jl and Jll with the residues of subunit D. Porphyridl
was possible to structurally define the carbohydrate-binding interacts with five residues of the protein. The oxygen atoms
site in the absence of a carbohydrate ligand. It is evident of the sulfonate group appear to be involved in hydrogen
that the structure of the carbohydrate-binding site in the bonding interactions with the lectin. The porphine core does
carbohydrate-free state is different from that in the carbo- not show any interactions with the protein. Porphysith
hydrate-bound state. In other words, PNA undergoes ainteracts with three residues of the subunit. The formation
conformational change in loop 93.06 while binding to the  of stacks of four porphyrins by the interaction of the pair of
carbohydrate ligand. porphyrins of subunit Cy and xIl) with that of subunit A
Although the conformational plasticity of the carbohydrate- (ol andall) and of subunit D §I and dll) with porphyrins
binding site has been suggested in some galactose-bindingdf subunit B I and gll) further stabilizes this crystal
lectins, it has been generally believed that the legume lectinspacking. The interactions of porphyriogll, g1V, and Sl
do not exhibit conformational changes associated with with subunits A and B are depicted in Figure 4c. Among
carbohydrate binding2@). However, differential water-  the various porphyrins associated with subunit B, porphyrin
mediated interactions at the carbohydrate-binding site haveflll shows maximum interactions with the protein molecule
been shown to modulate binding interactions required for with 14 residues being within van der Waals radii. Major
recognizing different sugars by lectirk. It had previously interactions of porphyringlV are with the other two
been suggested that PNA does not crystallize in the absencgorphyrins,alll and Slll, between which it is sandwiched
of a ligand (7—20). Crystal structures of PNA determined through stacking interactions, forming a trimer. Two residues
under acidic conditions, however, showed that the ligand from subunit B and one from subunit A lie within van der
occupancy in the case of PNAactose complexes was not Waals distance of porphyrifilV.
saturated. Crystals of PNA have also been obtained in the The unusual quaternary structure of the PNA tetramer
presence of a peptide, although the peptide could not beresults in three different intersubunit binding sit@%)( One
imaged in the corresponding electron density maps. Theof them is vacant in two subunits, and a different one is
tertiary and quaternary structures of peanut lectin were vacant in the other two subunits. The-O interaction site
reported to be identical in all the previous studies. Since the associating the C and D subunits is free in subunits A and
four loops showed common conformational preferences in B; this site is occupied in the porphyritPNA structure by
all the structures of PNA hitherto determined, it had been the alll and glll porphyrins. Approximately 14 residues of
proposed that the geometry of the carbohydrate-binding site PNA subunit A are involved in van der Waals contacts with
of PNA was preformed and does not undergo any substantialporphyrinalll, and nine of these residues are the same as
change on ligand binding2(, 27). In the porphyrin those involved in the intersubunit interactions in subunits C
complexes reported here, it is evident that the binding of and D. Thus, porphyrimlll presumably binds to this site
the lactose moiety brings about a conformational change in because of the exposed features. The other site, involved in
loop 95-106. The bound water structure was also found to the interaction of subunits A and B, is free in subunits C
be simultaneously affected. Thus, our structures illustrate theand D. Two residues from this site on subunit C interact
role of conformational changes in the carbohydrate-binding with the porphyrin dimeryl andyll. One of these residues,
site for mediating the degeneracy of interactions while Arg53, interacts with the sulfonate oxygens ofTIRPS.
accommodating diverse ligands by PNA. Arg53 has previously been shown to be involved in mediat-
Interactions of HTPPS with PNA Correlate with the ing the hydrogen bonding interactions even while participat-
“Exposed” Binding Surfacedn addition to the carbohydrate-  ing in intersubunit associationd 7).
binding sites, the unusual quaternary structure appears to be The porphyrin association with PNA is thus facilitated by
responsible for the porphyrin association with PNA. The the interaction with the exposed intersubunit contact sites
porphyrin pairs ¢l and all, and gl and fgll) interact at (alll, Blll, and BIV) (Figure 5a). Interactions with the
equivalent positions on PNA subunits A and B; i.e., the hydrophobic residues near the carbohydrate-binding site may
residues of the respective subunits interacting with the two represent the binding of porphyringl( all, 51, andgll), at
porphyrins are mostly conserved. Also, the interactions of the extended carbohydrate-binding site (Figure 5b) as seen
the porphyrin pairgl andy1l) with subunit C were equivalent  in the case of peptide binding to Con8)(Physiologically,
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FiGURE 4: Stereoscopic drawings showing stacked oligomers 3PS exhibiting interactions with PNA in three independent modes in
the binary and ternary complex of PNA with porphyrin and lactose. (a) Interactions of the pair of porpfyans, 51l (blue), with the
residues of subunit B (red) and symmetry-related subunit C (green) of PNA. (b) Interactions of porphgridsll (blue) at the porphyrin-
binding site of subunit D (red) of PNA. (c) Association of a trimer of porphyriiil, IV, andalll (blue), with PNA subunit B (red) and
subunit A (green) in a symmetrical manner. Residues of the symmetrically related subunit have not been labeled to avoid cluttering.

the carbohydrate moieties binding to the lectins are large lactose binding site, as in subunits A and B, it may still be
complex carbohydrates on the cell surface. The natural ligandpart of the binding site for the natural carbohydrate ligand
binding site of lectins is thus expected to be larger in surface (6). Porphyrin pairg! andyll and 6l anddll interact through

area than that mapped from the crystallographic analyseshydrogen bonding with subunits C and D, respectively
involving small sugars. Therefore, even with the narrow (Figure 5c). This porphyrin interaction site is close to the
overlap of the porphyrin binding site with respect to the A—B subunit interaction site, with two residues being
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Ficure 5: Porphyrin association with the three “interacting” sites of PNA. (a) Stereo drawing showing the binding of porghyrifis/,
andalll on subunit B at the site corresponding to the B interface. The residues involved in the-D interface in subunit B are highlighted
in red. (b) Stereo drawing showing the binding of porphyyhsnd I, with a narrow overlap at the lactose binding site, on subunit B.
Residues involved in lactose binding are colored red. (c) Stereo drawing showing the binding of porphgnds)ll to subunit D at a
site corresponding to the-AB subunit interface. The residues involved in the B interface in subunit D are highlighted in red.

involved in both interactions. Thus, the exposed interaction and therefore, the targeting by PNA is feasible. Indeed, the
sites arising from the unusual quaternary structure are alsostructures of the PNAporphyrin complex and the PNA
used as attachment points for the porphyrin molecules.  lactose-porphyrin complex provide interesting new leads
The binding of porphyrin to PNA at the sites outside the for suggesting possible applications of this lectin in photo-
carbohydrate-binding sites in at least two subunits is of dynamic therapy.
considerable interest in photodynamic therapy, a relatively Comparison of Porphyrin Interaction with PNA, Con A,
new approach for the treatment of malignant tum@&@).( and Jacalin: Physiologically Relant Supramolecular Ag-
Because of its specific recognition of the tumor-specific gregation.Comparison of the complexes of, FPPS with
Thomsen-Friedenreich antigen1@), PNA is a suitable PNA and two other lectins, ConA and jacalin, which have
candidate for targeting porphyrins to tumor cells. As is been previously analyze®,(15), provided insights with
evident from the ternary complex, the porphyrin binding does regard to lectin-porphyrin binding. An attractive invariant
not preclude its ability to bind to the carbohydrate antigen, feature among the three lectitl, TPPS complexes in
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crystals was the supramolecular association of the porphyrinsupramolecular cross-linking involving lectin-like molecules
along with the lectin even though the molecular interactions and the multipotently reactive porphyrin molecules observed
involving different lectins and FTPPS are very different.  in the crystal structures may result in supramolecular
A finite set of stacked porphyrin molecules interact through polymerization in vivo. This polymerization, in turn, may
m— interactions between themselves while cross-linking the lead to impairment of cellular functions, akin to the cellular
multivalent lectin molecules. Besides, the porphyrin pairs dysfunctioning that has been associated with amyloid forma-
also interact with the corresponding symmetry-related pairs tion in some of the other neurodegenerative disorders. Our
forming stacks of four porphyrins in this case. In the complex hypothesis draws strength from the observation that the
with ConA, the porphyrins interact with the crystallographi- practiced therapies for acute porphyria include a carbohydrate
cally related lectin subunits in a symmetrical manner. On rich diet and administration of glucosgg, 39). Consistent
the other hand, the two porphyrins of the stack interact at with the carbohydrate therapy for porphyria, competition by
two different sites on jacalin. While the stacks of porphyrin carbohydrates with the porphyrins in the aggregates could
pairs interact with PNA subunits in two different modes, the facilitate dissolution of the aggregates formed through the
stack of three porphyrins mediated interaction between association of porphyrins and the lectin-like multivalent
subunits A and B in a symmetrical manner. TheTAPS carbohydrate binding proteins.

molecules constituting the stacks are arranged in a variety

of fashions. The two porphyrins of the different stacked pairs CONCLUSIONS

are translated with respect to each other, whereas the

porphyrins, which are part of the stack of three molecules, | "US, the comparison of the crystal structures of PNA
are arranged in a fanlike manner. The stereoscopic image<OMPlexed with HTPPS, in the presence as well as absence

of different stacking arrangements with respect to their of lactose, indicated conformational changes in the carbo-

protein environment in PNAH,TPPS crystals are illustrated  Nydrate-binding sites with respect to ligand binding. We
in Figure 4. Two porphyrins of the stack in the ConM,- suggest that the unliganded subunits in both our structures

TPPS structure are staggered with respect to each other sucffPresent the native conformation of the PNA molecule.
that their porphine cores are rotated. This mode of stacking Companson of the structure of lactose-free subumt; with the
has also been seen in porphyrin complexed with calixareneCOrresponding structure of lactose-bound subunits of the
supramolecular assemblie} and in other metalloporphyrin ~ (€rnary complex implies that the conformational change in
dimers @1). The mode of stacking of the two porphyrins in thiS 100p may be a prerequisite for carbohydrate ligand
the jacalin-porphyrin complex resembles that in the case °inding.
of PNA—porphyrin pairs. The different modes of porphyrin Additionally, the analysis of the binding of the unusually
stacking and the associated energetics have been extensivelf@rge number of porphyrin molecules to PNA provided
modeled 82). The observed variety of modes in which remarkable insights with regard to the ligand recognition
porphyrin dimers showr—s association while binding to ~ mechanisms involving PNA. Interactions of porphyrin with
lectins is consistent with the possibilities predicted from PNA can be correlated with the exposed binding surfaces
energy considerations. resulting from the unusual quaternary structure. The unusual

The two crystal structures of MIPPS complexed with ~ quaternary structure of peanut lectin is responsible for
PNA presented here are different from those with ConA and generating adhesive regions where multipotent porphyrin
jacalin reported previously9( 15), possibly due to the  molecules could bind.
unusual quaternary structure of PNA. However, the formation  The porphyrins associated with different subunits of PNA
of infinite three-dimensional arrays involving multivalent stack in three different modes. In addition to the porphyrin
carbohydrate-binding proteins and porphyrins, as seen in theirassociation in the vicinity of the carbohydrate-binding sites,
crystals, appears to be a common property of all three the diverse stacking modes of porphyrin also facilitated the
otherwise unrelated lectirporphyrin complexes. Porphyrins  stability of the lectir-porphyrin complex in crystals. The
also exhibit inherent self-assembly properties thromehr most invariant feature of these crystal structures was the self-
stacking in diverse modes forming finite-sized oligomers. association of the porphyrin molecules to form stacked pairs
The potential for self-assembly and for binding to the through diverse interactions cross-linking the lectin mol-
carbohydrate-binding surfaces of porphyrins together may ecules. It is attractive to hypothesize that the accumulating
be responsible for the porphyrittectin polymer formation porphyrins in diseases such as porphyria aggregate through
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