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ABSTRACT: Porphyrins and phthalocyanines are photosensitizers (PS) that are used in clinical imaging, 

detection of cancer cells and are particularly applied in photodynamic therapy (PDT). Many scientists have 

been focused on the design of different porphyrin compounds. However, similar to other anti-cancer agents, 

they cannot selectively recognize tumor tissues. Scientists are seeking new methods to overcome this problem 

and to find appropriate targeted delivery strategies. Plant lectins are especially suitable molecules for such 

targeting as they preferentially recognize specific antigens on the glycosylated cancer cells. This review will 

give more detailed information about the dual function of lectins and their interactions with PSs, which is a 

new perspective in targeted PDT. The implications and potential applications of such studies will also be 

discussed. 
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WHY LECTINS ARE USEFUL TOOLS FOR TARGETED THERAPY  

Many anticancer drugs cannot selectively recognize tumor tissues and cause destruction of normal tissues. Cisplatin is 

still one of the most applied chemotherapeutic drugs used to treat various types of cancers, including sarcomas, carcinomas, 

testicular, ovarian and other cancers [1–3]. However, the toxicity of cisplatin leads to strong side effects such as ototoxicity 
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and nephrotoxicity, which remain major issues in its clinical application [4, 5]. These severe side effects are a result of the 

lack of selectivity of the drug for the tumor tissue and can induce acquired or intrinsic resistance. 

A rational and innovative approach to improve the selective recognition of the drug is to incorporate an appropriate drug 

delivery molecule that recognizes tumor membrane receptors [6]. Considering this, many scientists have focused their 

research on lectins (carbohydrate-binding proteins). Lectins are glycoproteins found in high concentration in most dry 

legume seeds (lentils, beans, peas), cereals, but also in nature (including other families of plants, fungi and animals). 

Tumor cells are aberrantly glycosylated and that change in glycan coating of the cancerous cells can be selectively 

recognized by lectins [7]. Aberrant O-glycans that are expressed at the surface of cancer cells have been identified as glyco-

markers for diagnosis and prognosis of cancer diseases. They consist of T and Tn antigens and Lewis a, Lewis x and 

Forssman antigens.  

Compared to monoclonal antibodies that are used as standard probes to detect O-glycosylation aberrations occurring at 

the cancer cell surfac, many lectins also possess flexibility in recognizing the O-glycans that make T/Tn-specific lectins 

suitable candidates for the selective targeting of tumor cells. Some of these T/Tn-specific lectins are isolated from plants 

such as jacalin (from Artocarpus integrifola) or Agaricus bisporus lectin from mushrooms. Interestingly, these lectins can 

bind T/Tn antigens within their specific monosaccharide-binding sites for which they are used as tools for cancer diagnosis, 

prognosis and therapy [8]. This specific lectin recognition to target tumor cells explains the ability of many plant lectins, 

including concanavalin A (ConA) and Galanthus nivalis lectin, to affect cellular processes such as apoptosis, autophagy, 

inflammation, etc.  

Table 1 summarizes and presents the cytotoxic and immunological effects of several lectins upon various malignant cells. 

This demonstrates their dual function targeting malignant tumor cells and inducing cell growth inhibition or to inducing an 

immune response [8].  

<Table 1> 

Recently, T/Tn specific lectins have been identified as potential targeting molecules [29]. The non-covalent binding of 

porphyrins to lectins has been well studied [30]. Our team in Bulgaria has studied the non-covalent interaction of wheat 

germ agglutinin (WGA) [31–34] and Con A with porphyrins and we calculated affinity constants in micromolar range [35, 

36]. 

PORPHYRINS—BRIEF OVERVIEW 

Porphyrins are a group of intensely colored compounds related to natural products as hemoglobin, myoglobin and 

chlorophyll. These chemical compounds play a role in biologically important processes such as photosynthesis and transport 

of oxygen. However, their low solubility led to the development of new compounds conferring improved properties in terms 

of toxicology, uptake and better stability under physiological conditions. Malik and Jaldetti evidenced in 1980 that 

protoporphyrin IX alone and without irradiation could induce inhibition of RNA and DNA synthesis (even if the light 

improved considerably this inhibition) [37]. Lottner et al. [38, 39] combined the cytotoxic effects of cisplatin analogues 

linked to pegylated hematoporphyrins. They described the synthesis and properties of some hematoporphyrin-platinum 

conjugates and observed a synergistic cooperation on TCC-SUP bladder cancer cells. Kim et al. obtained a similar result on 

the leukemia L1210 cell line [6, 40]. Such constructs have also been obtained with ruthenium tetracarbonyl complexes 

grafted at meso position(s) of free-base or Zinc (II) porphyrins [41, 42]. 
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Moreover, Ando et al. showed that tri and tetravalent metal (Ga, In, Sn, Mn and Fe) 2,4-bis(1-decyloxyethyl)-

porphyrinyl-6,7-bisaspartic acid showed an increased cytotoxicity compared to the free or the divalent metal porphyrins 

(Zn, Cu and Ni) [43]. Che’s group [44] made the same observation with a series of gold(III) meso-tetraarylporphyrins which 

induced p53-dependent apoptosis of several cancer cell lines (KB-3-1, HL-60, HepG2, SUNE1, HeLa, KB-V1, CNE1). 

They showed that gold(III) meso-tetraarylporphyrin chloride exhibited a 30-fold higher cytotoxicity compared to cisplatin 

[45, 46]. In 2010, the same group [47] described 5-hydroxyphenyl analogous with improved solubility and aqueous 

stability, which appeared to be 100 to 3,000-fold more cytotoxic for MDA-MB-231 cells than the cis-

diamminedichloroplatinum(II). For live mice, the average tumor weights were 66% lower compared to untreated animals. 

Liu et al. described 5-[4-(4-ethoxycarbonylbutoxy)phenyl]-10,15,20-tri(4methoxyphenyl)porphyrinatgold(III) chloride and 

evaluated an IC50 value of only 29 μM against SGC-7901 human gastric cancer cells [48]. 

Like platinum complexes, "central" ruthenium complexes have been also investigated and Tanaka's group designed 

dioxoruthenium(VI) tetraphenylporphyrins on which ursene-type pentacyclic triterpenes were grafted at one of the meso-

positions [49]. 

PHOTOSENSITIZERS AS PDT AGENTS 

PSs are particularly attractive for their clinical applications, especially in PDT. PDT appears as an innovative technology 

being investigated to fulfill the need for a targeted cancer treatment that may reduce recurrence and extend survival with 

minimal side effects [50]. PDT aims at selectively killing neoplastic lesions by the combined action of a PS and visible light 

whose combined action mainly results in the formation of reactive oxygen species (ROS), especially singlet oxygen (1O2), 

thought to be the main mediator of cellular death induced by PDT. Destruction of the vasculature may indirectly lead to 

tumor eradication following deprivation of life-sustaining nutrients and oxygen [51, 52], and this effect is thought to play a 

major part in the destruction of some tumors by PDT [53–57]. 

The same treatment can also be applied for the destruction of pathogenic bacteria in infection biology. Verteporfin has 

been used for the delivery of ampicillin and photodynamic destruction of uropathogenic E. coli [58]. 

Successful PDT widely depends on the nature of the PSs, which are able to absorb light of specific wavelength and 

transform it into energy, which can generate ROS in the presence of molecular oxygen (Fig. 1), an appropriate dosimetry 

and the presence of oxygen.  

<Fig. 1> 

The pathways of energy dissipation after light absorption of a molecule can be described with the help of a Jablonski 

diagram (Fig. 1). The first step of the photosensitizing mechanism is the absorption of a light energy (hν) by the PS, which 

that leads to the electronic excitation of PS from its ground state (1PS0) to the unstable excited singlet state (1PS1*) and also 

to a higher electronic state energy (1PS2*, 1PS3*,…1PSn* ). This excited singlet state has a very short half-life, in the range 

of 10-6 to 10-9 s. Through a series of vibrational relaxations (internal conversion), the excited PS either decays back to the 

excited state of the lowest energy level (1PS1*) or to the ground state, resulting in fluorescence emission and/or nonradiative 

deactivation processes. The excited PS, which is converted back to the initial ground state, can subsequently absorb another 

photon to begin the cycle again. Some of the excited PS at the single state may also undergo intersystem crossing (ISC) to 

the excited triplet state (3PS1*), which is a longer-lived species (10-3 s). The excited 3PS1* may also return back to the 

ground state by emitting phosphorescence. The interaction of the 3PS1* with the surrounding molecules resulted in mainly 
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two types of photo-oxidative reactions, either by an electron transfer or hydrogen transfer process (Type I reaction) or by an 

energy transfer reaction with oxygen (Type II reaction). In biological systems, the generated ROS triggers a cascade of 

biochemical effects that result in cell death.  

Among the most-used PSs in PDT, porphyrins play a role of choice because of their intrinsic characteristics and their 

relatively easy synthesis. The first syntheses of porphyrin were performed by Rothemund from pyrrole and benzaldehyde in 

1940s [59] and improved by Lindsey et al. [60, 61]. The method of Adler–Longo, thanks to milder reaction conditions, 

allowed the use of a greater variety of aldehydes, and therefore the synthesis of a wide variety of symmetrical meso-

tetraarylporphyrins [62]. In 1975, Little adopted this method to the synthesis of unsymmetrical meso-arylporphyrins. This 

"mixed aldehydes" synthesis involves a pyrrole and two different aldehydes in propionic acid under reflux [63]. Many 

improvements have been made, such as the synthesis on solid support [64], the use of microwave irradiation [65–68] or the 

use of building blocks (syntheses 2 + 2 [69–71] or 3 + 1 [72–74]).  

‘Passive’ and ‘active’ targeting 

The targeting mechanism can be divided into ‘passive’ and ‘active’ targeting. Passive targeting is the promotion of drug 

access into the tumor cells by physicochemical factors of the drug carrier (i.e. material composition, size and surface 

properties) and by pathological factors of the organism (i.e. tumor microenvironment and enhanced permeability and 

retention effect (EPR effect)). Passive targeting may result from greater proliferative rates of neoplastic cells, poorer 

lymphatic drainage, vascular leakage or specific interaction between PS and neoplastic cells due to the charge, size, and 

structure of the PS. However, passive targeting of tumor cells in PDT involves the vector of PSs with different formulation 

systems to facilitate their transport and incorporation into cancer cells. [75]. Several types of vectors can be used, such as 

liposomes and nanoparticles as well as emulsion and micellar systems.  

Active targeting involves delivery of the drug to the target sites based on molecular recognition, using specific ligands 

which bind to appropriate receptors overexpressed at the target site [76, 77]. Targeting ligands are designed specifically to 

bind to receptors, overexpressed only by tumor cells or tumor vasculature and should be expressed homogenously on all 

targeted cells. The mechanisms that cause tumor eradication by targeting the specific site are named direct and indirect 

effects. Direct effect involves the destruction of tumor cells by necrosis and apoptosis, while indirect effect refers to the 

destruction of tumor vasculature that further causes inflammatory and immunity responses to the host system. The relative 

contribution of each effect depends on: (1) the type of tumor, (2) the nature of the PS, and (3) PDT conditions used (i.e. the 

time delay of irradiation after PS administration, fluence) [78, 79].  

Direct active targeting of internalization-prone cell-surface receptors in PDT, overexpressed by cancer cells, aims to 

improve the cellular uptake of PSs or PSs-vector systems in combination with the molecules with high affinity for specific 

markers of tumor cells. Some examples of the PSs or PSs-vector systems targeting the internalization-prone receptors in 

PDT are growth factor receptors [80, 81], low density lipoprotein (LDL) receptors [82–84], transferrin receptors [85–88], 

folate receptors [89–91], glucose transporters [92–94], lectins [95] and insulin receptors [96].  

Concerning the indirect effect of active targeting, the vascular-targeted PDT, known as VTP, is based on the targeting of 

PSs towards tumor neovascularization. Targeting molecules can be peptides, antibodies or other ligands specifically 

recognizing the proteins overexpressed in neo-vessels [97]. Many markers of tumor vasculature have been identified for 

endothelial cells (i.e. VEGFR-2, NRP-1, αvβ3 integrin), pericytes, platelet-derived growth factor receptor-β (PDGFR-β), 

high-molecular-weight melanoma-associated antigen NG2) and basement membranes (i.e. laminin, fibronectin or collagen 
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IV). The main targets of the humoral endothelium are the VEGF, the αvβ3 integrin and the tissue receptor factor. As an 

example, the PDT team in Nancy, France designed a chlorin to a heptapeptide (ATWLPPR) and pentapeptides (DKPPR and 

TKPRR), specific for neuropilin-1 receptor (NRP-1) [98–103]. 

LECTINS AS POTENTIAL PS CARRIER MOLECULES 

Non-covalent binding of Ps to lectins.  

Due to the application of porphyrins as PSs in PDT to treat cancer and to the ability of many lectins to recognize tumor 

cells, studies on the interaction of porphyrins with lectins are of considerable interest. Several scientists hypothesized in 

early 1988 that the targeting portion of some lectin molecules might be used to bind PSs.  This appears to be useful in order 

to increase the selective accumulation of porphyrin-based drugs to tumors.  

Relating to this, Bhanu et al. [104] in 1997 studied the interaction of a free base porphyrin, meso-

tetrasulphonatophenylporphyrin and the corresponding metal derivative, meso-zinc-tetrasulphonatophenylporphyrin with 

two legume lectins, concanavalin A and pea (Pisum sativum) lectin. It was found that both free lectin and lectin saturated 

with the specific saccharide bind the porphyrin with comparable binding strength. Similar results were obtained for the 

interaction of several free-base porphyrins and their corresponding copper(II) and zinc(II) derivatives with the galactose-

specific lectin from snake gourd (Trichosanthes anguina) seeds [105]. 

The binding of several metallo-porphyrins meso-tetra(4-sulphonatophenyl)porphyrinato copper(II) (CuTPPS), and meso-

tetra(4-methylpyridinium)porphyrinato copper(II) (CuTMPyP) with the galactose-specific lectin from Trichosanthes 

cucumerina (TCSL) has also been investigated. The dimeric lectin bound two porphyrin molecules and the presence of the 

specific saccharide lactose did not affect porphyrin binding. The thermodynamic study showed that porphyrin binding to 

TCSL was mainly driven by the change in entropy, while the enthalpic contribution was very small. [106]. 

The interaction of several free-base and metalloporphyrins with Momordica charantia (bitter gourd) lectin (MCL) was 

investigated by absorption spectroscopy. The tetrameric MCL bound four porphyrin molecules, and the stoichiometry was 

unaffected by the presence of the specific sugar, lactose. Interestingly, both cationic and anionic porphyrins bound to the 

lectin with comparable affinity Ka = 103-105 M-1. Analysis of CD spectra of the protein indicated that binding of porphyrins 

does not significantly alter the secondary and tertiary structures of MCL [107]. 

Thermodynamic studies on the interaction of several free-base and metallo-porphyrins with pea (Pisum sativum) lectin 

(PSL) were also performed. Cationic and anionic porphyrins were found to bind to PSL with comparable affinity [108]. 

The interaction of several free-base porphyrins and their metal derivatives with jacalin was also investigated by 

spectroscopy. This study showed that the binding of free lectin and lectin saturated with the specific saccharide bound 

different porphyrins. Binding of both anionic and cationic porphyrins were found to interact with the lectin with comparable 

affinity, indicated that the charge on the porphyrin did not play any role in the binding process and presumably the 

interaction was mediated by hydrophobic forces. It was well studied that jacalin (Artocarpus integrifolia agglutinin) 

specifically recognized the tumor-associated T-antigen disaccharide structure, which suggested potential application of 

jacalin-porphyrin complexes in the targeted PDT [109]. 

All these investigations put forward a new direction of plant lectin research showing a new feature of lectins and 

presuming an idea of existence of a potential drug-porphyrin binding sites [108, 110]. However, crystallographic studies 

have clearly demonstrated the presence of the binding sites of lectins for porphyrins. It was found that the lectin peanut 
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agglutinin (tetramer) binds meso-tetrasulfonatophenylporphyrin (H(2)TPPS). Crystallographic data have shown the 

presence of specific lectin sites which can bind the porphyrins. TThree different binding sites have been distinguished for 

concanavalin A, peanut agglutininin and jacalin. In contrast to spectroscopic and thermodynamic data, some authors found 

that they bound in, over or near the carbohydrate binding sites (Fig. 2).  

<Fig. 2> 

Figure 2 presents three binding sites of porphyrins to concanavalin A (PDB 1JN2) [111], peanut agglutininin (PDB 

1RIT) [112] and jacalin (1PXD) [113]. Interestingly, the porphyrin systematically binds near the carbohydrate-binding site, 

and prevents the binding of the sugar, but it does this in three different ways: (a) by mimicking the binding of mannose 

hydroxyl groups by the sulfonate oxygens, (b) by hoovering above the binding site and (c) allosterically. The carbohydrate-

binding sites project outwards at the four edges of each of these lectin oligomers and have a high tendency to serve as 

crystal-packing contacts. In the crystal of the lectin-porphyrin complex, H(2)TTPS maps unsaturated protein–carbohydrate 

interaction sites and generates, thereby, novel protein assemblies that differ from the tetrameric bioassembly, similar to what 

was observed following mutation of a carbohydrate-binding surface residue in the bacterial lectin FimH [114, 115]. The 

stabilizing effect of these newly-formed complexes is suggested by the fact that they can be crystallized into protein crystals 

that diffract at high resolution, and by the great definition of the H(2)TTPS molecules in their electron density. Such strong 

and stabilizing assemblies of PSs with the oligomeric lectins implies that lectins can function as PS carriers and can amplify 

the reaction by means of their multivalent organization and selective recognition of (tumor-associated) carbohydrate 

antigens. 

Covalent binding of PSs to lectins. 

It is established that Tn/T-specific lectins are appropriate targeting molecules for improving the selectivity of PS. This 

enabled to improve both the stability of the lectin–Ps complex and the efficacy to destroy cancer cells. With this aim, 

Poiroux’s group covalently linked the porphyrin (TrMPyP) to the plant lectin (Morniga G), known to recognize with high 

affinity tumor associated T/Tn antigen. They proved for the first time that conjugation with plant lectins could be applied 

for targeting PSs towards Jurkat leukemia cells, e.g. to kill leukemia cells from the blood and to preserve the normal 

leukocytes in extra-corporeal photochemotherapy [116, 117]. A comparative study of the toxicity of the different PSs 

targeted by the lectin Morniga G was performed. It revealed that the Al (III)-phthalocyanine-Morniga G conjugate was a 

promising drug delivery molecule with LD50 = 4 nM preferentially destroying cancerous lymphocytes [118]. 

Jacalin was also used to target cancer Thomson Friedenreich antigen (Galβ1-3GalNAc) [119].  

Lectin-phthalocyanine gold nanoparticles conjugate 

Obaid et al. directly coupled the jacalin lectin to gold nanoparticles linked to phthalocyanine to target the T antigen 

expressed on HT-29 colon adenocarcinoma cells [119, 120]. They showed that jacalin targeting enhanced the cellular 

uptake of the nanoparticles. As a result of this, an enhanced PDT efficacy was observed after the light activation of jacalin 

nanoparticle conjugates, showing destruction of colon cancer cells. The paper highlighted that jacalin–PEG phthalocyanine 

nanoparticles demonstrated selectivity to target T-antigen, overexpressed on the surface of cancer cells eliciting PDT 

efficacy. This was proceeded by the previous finding of Yu [121], who reported that jacalin specifically bound the T antigen 

expressed on cell surface of HT-29 cells with a dissociation constant of 500 ± 50 nM.  
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IN CONCLUSION 

Plant lectins are especially suitable for targeted PDT, as they preferentially recognize specific antigens on the 

glycosylated cancer cells. Therefore, they possess dual functions to target tumor cells and to selectively deliver porphyrins 

to the site of interest. This reveals new perspectives in biomedical application of plant lectins, especially in PDT. 
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LIST OF CAPTIONS 

Table 1. Effect of some plant lectins against tumor cells. 

Fig. 1. Jablonski’s energy level diagram for photodynamic therapy. 

Fig. 2. Plant lectins associated into novel protein assemblies by H(2)TTPS: concanavalin A (PDB entry code 1JN2) (a), jacalin (PDB 

entry code 1PXD) (b) and peanut agglutinin (PDB entry code 1RIT) (c): stacked sandwiches of H(2)TTPS can be seen forming the crystal 

packing contacts. H(2)TTPS is shown in ball-and-stick in the same color as their nearest lectin monomer, shown as a cartoon, to which 

they are bound. The transition metal ion is shown as a grey sphere, the calcium ion as a green sphere. The salmon-colored disaccharide: 

respectively Man-α1,6-Man (a), T-antigen (Galβ1-3GalNAc) (b) and lactose (Gal-β1-4-GlcNAc), are not bound but are merely shown to 

indicate where the disaccharide binds in the absence of H(2)TTPS. It can be seen that H(2)TTPS binds in (a), over (b) or near (c) the 

carbohydrate binding site of the lectins. (Figures created using Pymol). 
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Table 1. Effect of some plant lectins against tumor cells. 

Species Plant parts Lectin Cytotoxic activity Ref. 

Abelmoschus 

esculentus  
seeds AEL 

AEL inhibits cell proliferation and induces apoptosis in human 

breast cancer (MCF7) cells. 
[9] 

Agaricus bisporus  mushroom ABL 
ABL binds Tn antigen and inhibits proliferation of human 

colorectal adenocarcinoma cell lines (HT29, LS174T, SW1222).  
[10,11] 

Amaranthus caudatus  seeds 
ACL/ACA 

Amaranthin 

ACL as T/Tn-specific amaranthin is a marker of cellular 
proliferation and progression of malignant colon cancer in 

humans. 

[12] 

Amaranthus viridis  seeds AVL 
AVL demonstrates antiproliferative activity to murine cancer 

cell lines (HB98 and P388D1).  
[13] 

Artocarpus 
heterophyllus  

seeds Jacalin 

Jacalin inhibits the cellular growth of human colon cancer cells, 

breast cancer (MCF7) and non-small lung carcinoma cell lines 

(H1299). 

[14,15] 

Canavalia brasiliensis  seeds ConBr 

ConBr exhibits antiproliferative activity and induces apoptosis in 

murine melanoma B16F10 cells, human leukemia (MOLT-4) 

and (HT-60) cells. 

[16] 

Canavalia ensiformis  

 

 
 

seeds Con A 

ConA demonstrates cytotoxic effect to different cancer cell lines 
(MOLT-4, HL-60, PU-1.8, A375), fibroblasts, hepatoma 

(HepG2), glioblastoma (U87) and p53-null cells causing 

apoptosis, autophagy and anti-angiogenesis. ConA is used in 
clinical and pre-clinical studies, as potential agent for cancer 

therapy. 

[16,17] 

Euphorbia tirucalli branches Eutirucallin 
Eutirucallin manifests antiproliferative effect to various human 
cancer cell lines (HeLa, PC3, MDA-MB-231, and MCF-7), in 

vivo inhibits the Ehrlich ascites carcinoma. 

[18] 

Galanthus nivalis 
(GNA); 

Hippeastrum hybrid 

(Amaryllis) 

(HHA 

bulbs 
GNA; 
HHA 

GNA and HHA selectively inhibit human immunodeficiency 

virus type 1 (HIV-1) and HIV-2 strains, as inhibiting infection of 

T lymphocytes. 

[19] 

Lotus corniculatus seeds LCL 

LCL shows a strong antiproliferative effect on human leukemic 

(THP-1), lung cancer (HOP62) and colon cancer (HCT116) cell 

lines. 

[20] 

Moringa oleifera seeds 
cMoL 

WSMoL 

cMoL causes cytotoxicity to murine melanoma cells (B16-F10) 

and human peripheral blood mononuclear cells as increasing 

mitochondrial ROS and inducing apoptosis by caspase cascade.  
 Both lectins: cMoL and WSMoL exhibit low/moderate 

cytotoxicity to human pulmonary mucoepidermoid carcinoma 

(NCI-H292), human colon adenocarcinoma (HT-29 ) and human 
larynx epidermoid carcinoma (HEp-2) cells. 

[21,22] 

Ricinus communis  

 
seeds Ricin 

Ricin shows cytotoxicity towards cervical cancer cells (Hela), 

sarcoma 180 ascites tumor cells, hepatoma cells (BEL 7404). 
[23,24] 

Triticum vulgaris root WGA 

WGA demonstrates cytotoxic effect in human hepatoma (H3B), 
human choriocarcinoma (JAr), rat osteosarcoma (ROS), human 

acute myeloid leukemia (AML) cells. It induces apoptosis in 

pancreatic cancer cells. WGA is a potential candidate for 
leukemia therapy. 

[25-27] 

Viscum album seeds 

ML-I; 

ML-II; 
ML-III 

It shows cytotoxicity towards human acute lymphoblastic 

leukemia (Molt 4) cells.  
 

[28] 
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Fig. 1. Jablonski’s energy level diagram for photodynamic therapy. 
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Fig. 2. Plant lectins associated into novel protein assemblies by H(2)TTPS: concanavalin A (PDB entry code 1JN2) (a), jacalin (PDB 

entry code 1PXD) (b) and peanut agglutinin (PDB entry code 1RIT) (c): stacked sandwiches of H(2)TTPS can be seen forming the crystal 

packing contacts. H(2)TTPS is shown in ball-and-stick in the same color as their nearest lectin monomer, shown as a cartoon, to which 

they are bound. The transition metal ion is shown as a grey sphere, the calcium ion as a green sphere. The salmon-colored disaccharide: 

respectively Man-α1,6-Man (a), T-antigen (Galβ1-3GalNAc) (b) and lactose (Gal-β1-4-GlcNAc), are not bound but are merely shown to 

indicate where the disaccharide binds in the absence of H(2)TTPS. It can be seen that H(2)TTPS binds in (a), over (b) or near (c) the 

carbohydrate binding site of the lectins. (Figures created using Pymol). 
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