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Abstract

D-dopachrome tautomerase (D-DT) shares amino acid sequence similarity, structural architecture
and biological activity with the cytokine MIF. Recent studies show that the two protein
homologues also bind to the same cell surface receptor, CD74, to activate the ERK1/2 pathway
that ultimately leads to pro-inflammatory and pro-survival gene expression. We recently showed
that RTL1000 and DRal-MOG-35-55, two biological drugs with potent anti-inflammatory
properties that treat experimental autoimmune encephalomyelitis (EAE) in mice, bind to the cell
surface receptor CD74 with high affinity and compete with MIF for binding to the same regions of
CD74. Computational modeling of MIF and RTL1000 binding interactions with CD74 predicted
the presence of three CD74 binding regions for each MIF homotrimer. Through a similar approach
we have now expanded our work to study the D-DT (MIF2) interaction with CD74 that is mainly
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defined by three elements scattered throughout the disordered regions of the interacting molecules.
The model predicted: a) a hydrophobic cradle between CD74 and D-DT consisting of N-terminal
tyrosine residues of three CD74 monomers arranged in a planar alignment interacts with aromatic
amino acid residues located in the disordered D-DT C-terminus; b) a triad consisting of the E103
residue on one D-DT monomer in close contact with R179 and S181 on one chain of the CD74
trimer forms an intermolecular salt bridge; and c) amino acid residues on the C-terminus random
coil of CD74 chain C form a long interacting area of ~500A2 with a disordered region of D-DT
chain B. These three binding elements were also present in MIF/CD74 binding interactions, with
involvement of identical or highly similar amino acid residues in each MIF homotrimer that
partner with the exact same residues in CD74. Topologically, however, the location of the three
CD74 binding regions of the D-DT homotrimer differs substantially from that of the three MIF
binding regions. This key difference in orientation appears to derive from a sequence insertion in
D-DT that topologically limits binding to only one CD74 molecule per D-DT homotrimer, in
contrast to predicted binding of up to three CD74 molecules per MIF homotrimer. These results
have implications for the manner in which D-DT and MIF compete with each other for binding to
the CD74 receptor and for the relative potency of DRal-MOG-35-55 and RTL1000 for
competitive inhibition of D-DT and MIF binding and activation through CD74.

Graphical Abstract

Predicted topological differences in D-DT and MIF binding regions for CD74
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1. Introduction

Macrophage migration inhibitory factor (MIF) is a 115 amino acid residue protein that is
expressed in a variety of tissues and cell types, including leukocytes, corticotrophic pituitary
cells, epithelial and endothelial cells, and neurons. MIF is the founding member of a distinct
structural superfamily and has a unique biology [1, 2]. It is considered to be a cytokine, a
hormone, and a chemokine, and has enzymatic activity [1]. It plays a central role as a pro-
inflammatory component of numerous autoimmune diseases and cancer [3]. Upon binding
with nM affinity to the CD74/CD44 receptor complex [4, 5], MIF initiates a signaling
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pathway for sustained activation of ERK1/2 MAPK [5] that ultimately leads to gene
transcription and synthesis of pro-inflammatory cytokines and chemokines and increased
cell survival and proliferation [6]. In addition to binding to the CD74/CD44 receptor
complex, MIF also interacts in a non-cognate manner with CXCR2, CXCR4 and CXCR7
[7-9], triggering trafficking and cell chemotactic responses to the sites of acute and chronic
inflammation. The MIF protein has been crystalized and its three-dimensional structure was
determined. [10-12] MIF is a trimer of identical subunits in which each monomer contains
two antiparallel alpha helices apposed to a 4-stranded beta sheet platform. Additionally, the
monomer also has two beta-strands that interact with the beta sheet of adjacent subunits. The
beta sheets form a central barrel around a solvent-accessible channel with the alpha helices
located in the periphery of the trimer

CD74 is a multifunctional type Il transmembrane protein involved in several biological
processes including, among others, the folding and subcellular trafficking of MHC Class 11
glycoproteins. Little is known about the overall structural conformation of CD74, but
biochemical data indicate that the first 61 amino acid residues of the extracellular protein of
the P31 isoform (CD74 56-117) are highly prone to proteolytic degradation in some
unfolded regions (as shown by NMR), indicative of a substantial degree of a flexible random
coil conformation [13]. Two discrete regions, the transmembrane domain (residues 32—-56)
and a membrane-distal trimer entity (residues 118-192), have been demonstrated by NMR
and circular dichroism to form a highly ordered trimerization domain (TD) with a high
content of alpha-helix conformation [13-16].

A second cognate ligand for CD74 with structural and biochemical similarity to MIF termed
D-dopachrome tautomerase (D-DT), was described recently [11, 17]. D-DT and MIF share
~35% identity making them potential homologs [17]. From the structural standpoint the D-
DT topology resembles that of MIF and folds to form a homotrimer with extensive contacts
between subunits through the lateral beta-sheet strands [11]. D-DT binds as well to CD74
with high affinity (D-DT: Kp=5.42x1072 M vs. MIF: Kp = 1.40x1079 M) [17] and
competes with MIF for binding to the receptor, suggesting that the two homologues might
share the same binding site on CD74. Like MIF, D-DT it is capable of triggering the
activation of ERK1/2 MAP Kinase to similar downstream signaling responses.

Despite the structural and functional knowledge about MIF and D-DT, the molecular
parameters governing the interaction of these two cytokines with their shared receptor are
not fully understood. Recently, using a protein:protein docking algorithm based on published
biochemical and biological studies, a theoretical molecular model of the MIF/CD74 and
RTL1000/CD74 complex was described [18]. This study showed that MIF interacts with
disordered residues at the N- and the C-termini of the CD74 receptor through residues close
to the C-terminus on the sides of the MIF barrel. This model predicted a dodecameric
complex in which three binding sites on the MIF trimer each bound to one CD74 trimer
[18]. Taking a similar approach we now describe a working model for the structure of the D-
DT/CD74 complex. The model predicts that D-DT binds to the CD74 receptor with a
different topology than MIF but uses a similar type of interaction and, to some extent similar
amino acid residues, emphasizing the role of flexible loops and conserved sequences. The
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model also identifies residues on both proteins that are susceptible to mutagenesis that could
be pivotal in testing respective binding interactions.

2. Materials and Methods

ZDOCK is a rigid-body protein:protein docking program that utilizes the Fast Fourier
Transform algorithm to predict potential interactions between two binding partners. In order
to grade the quality of the output models, the algorithm uses several variables such as shape
complementarity, electrostatics and statistical potential terms [19, 20]. For this purpose we
used the X-ray molecular coordinates for D-DT (PDB ID: 1DPT), MIF (PDB ID: 1GDO0)
and the CD74 partial extracellular domain (PDB ID: 1IIE) deposited in the Protein Data
Bank. The structure of the CD74 trimeric domain was determined by NMR and our
modeling involved 20 solved individual trimers [16], all of which were used for the docking
work in this study. Structural models of MIF, D-DT and CD74 are shown in Figure 1. All
structural rendering and molecular visualization was accomplished with PyMOL (The
PyMOL Molecular Graphics System, Version 1.8 Schrddinger, LLC). Protein sequence
alignment was done using the tool Blast [21, 22].

3. Results

3.1 D-DT/CD74 complex docking modeling

The algorithm used in this study, ZDOCK, produced ten slightly different docking models of
the D-DT/CD74 interaction, with the first model being the most energetically stable. Based
on this model the D-DT homotrimer binds to the CD74-TD close to its N-terminus. A
representative rendering of two different views of the optimal model of D-DT/CD74 binding
is shown in Figure 2a&b. All ten binding predictions have three features in common: a) a hot
spot characterized by a hydrophobic area of contact comprised of the N-terminal Y118 and
G119 residues of the CD74 trimer and the C-terminal (mostly hydrophobic) amino acid
residues W105, Q106, & 115-TFL-117 of D-DT, protected from the solvent by a seal of
hydrophilic residues (Figure 3); b) a hydrophilic interaction by the triad R179 and S181 on
CD74 and the D-DT residue E103 (Figure 4); and c) an area of contact in the flexible
disordered C-terminal region of both molecules (Figure 5).

Hydrophobic area of contact: hot spot. This is the most extensive of the three interfaces and
includes a large hydrophobic patch from each component of the complex, as suggested by
the model presented in Figure 3. Each CD74 protomer in the trimer contributes the N-
terminal residues Y118 and G119 located in the top center of the trimer (Figure 3a, 3b, 3¢ &
3d). The Y118-G119 pair from each monomer is arranged in a circular fashion, forming a
nest-like area (Figure 3c & 3d) occupying the center of the CD74 binding face. These
hydrophobic residues are located in a disordered flexible ribbon that also includes N120 and
M121 at the N-terminal region of CD74. When viewed in consecutive models of the CD74
trimer NMR structures, these residues adopt slightly different conformations
(Supplementary Figure 1), suggesting that this region of the CD74 trimer is very dynamic
with only a few conformers able to establish a productive interaction with D-DT. This nest
shelters a group of non-contiguous hydrophobic residues (164, W105, Q106, 113-VM-114 &
116-FL-117) (Figures 3c, 3d & 3e) located near the C-terminus of one of the D-DT
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protomers, mostly of hydrophobic nature. Surrounding this hydrophobic contact interface
between D-DT and CD74 are several polar amino acid residues contributed mostly by CD74
(120-NMT-123 and R179, S181 & E183) forming a boundary around the hydrophobic area
of contact (Figure 3d). There are also polar residues contributed by D-DT (E101 of D-DT
chain A and T69 & E71 from D-DT chain C, Figure 3d). In the model, R179 of one CD74
protomer and S181 of a different CD74 protomer are in close contact suggesting that
hydrogen bonds might be present. An NMR structure for D-DT is not yet available, but it
would be of interest to see how much freedom the C-terminal region of D-DT would display
in complex with CD74 and how these different conformers would fit the binding site of
CD74.

A second region includes polar and charged amino acid residues from each subunit of the
interacting chains: CD74 179-RHS-181 on chain C and E103 on D-DT chain A (Figure 4a &
4b). The model presented here shows that the distance between the charged guanidinium
group of CD74 R179 and the side chain carboxy-groups of the D-DT E101 are
approximately 1.7-2.8 A apart, suggesting that they might form a salt bridge. It is important
to note that S181 on CD74 also participates in this polar triad through the OH™ group from
the serine side chain that shares a hydrogen bond with one of the NH3* side chains of the
R179 guanidinium group (Figure 4b). These charged residues appear to be partially exposed
to the solvent in the non-complexed trimers but they are buried in the structure suggesting
that the formation of a salt bridge would take a desolvation free energy of high magnitude
that would be energetically unfavorable. The insertion of a salt bridge in a semi-hydrophobic
environment as proposed by this model might ease this requirement. An additional possible
interaction between charged residues in this complex involves R179 of CD74 chain B and
E71 on D-DT chain C (Figure 4a & 4b). In the model these residues appear to be closer than
4A, which is the average distance between charged residues in salt bridges. Given the
exposure to the hydrophilic environment and the highly negative AG of solvation of these
residues, it appears unlikely for them to participate in a salt bridge (Figure 4b).

The architecture of the third interaction is presented in Figure 5. The amino acid residues
185-KPTDA-189 located near the C-terminus on CD74 (chain C in this model) make close
contact with amino acid residues 63-SIGVVGT-69 positioned in an unstructured loop
connecting beta-strand number 4 and alpha helix 4 of the D-DT chain B, thus forming a
contact area in which the MIF protomer wraps around the CD74 disordered segment. The
physical contacts between polar amino acid residues on CD74 to nitrogen atoms in the main
chain of D-DT (CD74 D188 carboxy group to one of the N atoms in the main chain) are not
well defined and might be transient as has been documented for other proteins. Residues
101-PLE-103 located between B-strand 5 and the short alpha helix 6 also appear to
contribute to the interaction, suggesting more of a role in stability of the complex than in the
binding energy.

3.2 Model of the MIF/CD74 complex

In our previous work on the MIF/CD74 structure [18] we reported that the docking analysis
predicted two regions in the CD74-TD trimer involved in complex formation: the N-terminal
region involving 118-YGNMT-122 and a C-terminal sequence that includes 179-

Cytokine. Author manuscript; available in PMC 2017 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Meza-Romero et al.

Page 6

RHSLE-183. A closer inspection of this interaction shows that residues Y118-G119 in the
N-terminal region of CD74-TD provide most of the area of contact, thus forming the
hydrophobic nest described above for the D-DT/CD74 complex formation (Figure 6a).
During binding MIF engages CD74 in a lateral manner exactly at the interface of two
protomers (Figure 6a & 6b). Residues that shape this hydrophobic interface with CD74
include F49, P91 on MIF chain A and Y36, 164, W108, N109, F113 & A114 on MIF chain
B) in the lateral area of the cylinder (Figure 6c). This interface resembles the hydrophobic
nest shaped by the D-DT/CD74 main interface (Figure 3d). MIF and D-DT being homologs,
it is not surprising that both proteins utilize the same (or highly conserved) amino acid
residues to bind to the same receptor. In addition to this nest there is a hydrophilic ring of
amino acid residues (N120, T122, R179, S181 & E183) surrounding the hydrophobic cradle
formed by the contribution of each CD74 protomer pictured in Figure 6¢. This hydrophilic
ring is kept in place by several hydrogen bonds established between R179 and S181. The
amino acid residues E54, S74, S76, K177, S90 & D92 from one MIF protomer and T112
from a second MIF protomer also are involved in this hydrophilic structure. The interaction
between the peripheral CD74 residues and those of MIF form a seal that might protect the
hydrophobic hot spot from contact with the solvent, thereby increasing the energy of
binding. CD74 R179 from protomer A forms a hydrogen bond with T178 in CD74 protomer
C. Interestingly, this residue also is making contact with the Y36 OH™ group of MIF
protomer C while the electronic cloud of the Y36 aromatic ring is kept inside the CD74
tyrosine nest of the binding interface. CD74 R179 from protomer B is making contact with
the T178 of CD74 protomer A and finally CD74 R179 of protomer C is establishing
hydrogen bonds with T178 on protomer B of CD74 (see Figure 6c).

4. Discussion

The structures of D-DT and MIF have been described at the atomic level and the coordinates
have been deposited in the Protein Data Bank (PDB). At first glance, we can see that at the
structural level both proteins fold in a similar way in a very well defined conformation to
form a homotrimer with extensive contacts between subunits. Each protomer exhibits two
alpha helices on top of a beta-sheet platform. In the homotrimers, the beta strands are
located in the center according to a 3-fold rotation axis and form a solvent channel (see
Figure 1).

In contrast and because of its molecular complexity, there are separate reports for different
portions of the CD74 structure that include the transmembrane domain [15], the
trimerization domain [16] including the disordered region 54-115, and the thyroglobulin
domain [23]. The coordinates for the CD74 polypeptide as a whole are not available.
However, use of heteronuclear nuclear magnetic resonance (nnNMR) [14] allowed the
ability to delimit mobile segments of p31, one of the CD74 isoforms in human cells, from
the rigid structure of the trimerized domain [16]. Their data from double and triple
resonance show that amino acid residues 56-110 and 187-216 are mobile flexible segments
with a high degree of conformational enthropy. These data are reinforced by biochemical
studies indicating that CD74 is highly susceptible to proteolytic degradation [13] in the
intracellular environment. Recently, however, a new truncated serum soluble form of CD74
has been described from patients with autoimmune liver disease [24]. It is important to
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emphasize that this soluble CD74 survives because of the lack of proteolytic activity in the
fluid phase of the bloodstream that might prevent catastrophic consequences in the
homeostatic organism. This soluble form of CD74 is able to bind MIF but the kinetic
properties of the binding are unknown. Taken collectively, all of this evidence argues in
favor of a model of the p31 isoform of CD74 that has a substantial content of a randomly
coiled disordered conformation upstream and downstream of the trimerization domain.

In addition to assisting with the folding and trafficking of MHC Class Il in the subcellular
endosomal compartment, CD74 is also the cognate receptor for MIF and its functional
homologue D-DT [4, 17] and requires the association with CD44 at the cell surface to effect
downstream MAPK signaling [5]. Upon binding to the CD44/CD74 co-receptor complex,
MIF and D-DT initiate the phosphorylation of ERK1/2 [4, 17] that sets in motion a strong
pro-inflammatory and proliferative response [25, 26]. Nevertheless, the molecular
interaction of these two cytokines with their receptor at the molecular level has not been
addressed. Part of the reason for this lack of information is the difficulty to produce
substantive amounts of full length and biochemically stable CD74 for crystallographic or
NMR studies.

In this work we provide a theoretical rationale for the MIF and D-DT interactions with
CD74. Using the ZDOCK docking algorithm we computed the potential sites of binding
interface(s) between these two binding pairs. There are no other studies addressing the
molecular mechanisms of the D-DT/CD74 interaction. The use of protein:protein docking
algorithms is an alternative for exploring and scanning amino acid residue substitution in
order to assign those residues for their energetic contribution to the binding. The algorithm
predicted 10 different models for the complex CD74/D-DT and all of them shared a
common topology of binding at the bottom of the D-DT barrel as shown as shown Figure 7a.
D-DT binds to the trimeric CD74 to form a hexameric complex with one CD74 trimer that
binds one D-DT trimer. In contrast, one trimer of CD74 binds to each one of the three MIF
subunit interfaces, potentially resulting in a dodecameric complex.

Perhaps the most relevant of the D-DT/CD74 complex interactions is through the
hydrophobic interface as described above. As seen in Figures 3a and 6a, the N-terminal
Y118 and G119 of CD74 form an aromatic core with hydrophobic properties that nests
residues 164, W106, Q107, F117 & L118 located at the very C-terminus segment of one
protomer of the D-DT homotrimer. These amino acid residues are homologs to MIF amino
acid residues 164, W109, N110, F114 & A115 on MIF. Mutagenesis studies revealed that
164A and W109A partially affected neutrophil-recruiting activity of MIF, lending support to
our model that these residues are part of the hydrophobic spot in the interface that might
play an important role in MIF activity [27]. In the same study the authors found that Y36A,
K66A & N109A (N110 in the alignment shown in Figure 7b) abolished MIF biological
activity. In the model proposed here, Y36 is located in the periphery of the hydrophilic seal
that surrounds the hot spot and N109 (N110, Fig. 7b) inserts itself in the center space of the
CD74 trimer. None of these residues are fully conserved in the D-DT structure (R36, V66 &
Q107). Whether or not these residues affect the biological activity of MIF by disrupting the
binding to CD74 remains to be seen.
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Salt bridges have been defined as interactions that provide stability to tertiary and quaternary
structure of proteins [28, 29] but contribute poorly to interface specificity and binding
energy. In our model salt bridges are connecting residues of two different trimers suggesting
that they might be involved in maintaining complex stability (Figure 4). Likewise, the
driving force of the transient interaction described in Figure 5 is mostly through Van der
Waals forces, with a few hydrogen bonds (not shown) between side chains of D-DT E103
and CD74 Q184. This region’s energetic contribution to the global energy of binding can be
considered transient and in the moderate category when compared to the contribution of
hydrophobic interactions. We can speculate that this weak and transient encounter could
very well serve as a first point of contact that positions the molecules for more energetically
favorable binding modes. This feature might provide for opportunities for different or
simultaneous low affinity interactions with the final outcome of a strong global affinity. It is
predicted that these weak transient short-lived interactions are characterized by dissociation
constants (K p) in the uM range [30].

4.1 Anatomy of MIF and D-DT binding site for CD74: a hot spot?

Using our models as a source, we compared the MIF/CD74 and D-DT/CD74 main interfaces
(Figure 7a). According to these models it was clear that this area might play a significant
role in the binding of MIF and D-DT to their common receptor. A more detailed inspection
of the interfaces showed that the participating side chains in the hydrophobic recognition
correspond to the same (or similar) residues on D-DT and MIF: WTFA (and possibly N110)
in MIF and WTFL in D-DT (and possibly Q107). Of these four residues, only W is not
sequentially adjacent to the other three but spatially is part of the cluster. This mode of
binding has been referred to as a hot spot and was initially described for the interaction of
the human growth hormone and its receptor [31]. Those authors found that by alanine
scanning substitutions on the hormone side, two tryptophan residues accounted for more
than 75% of the binding free energy. Later studies extended this concept to a more general
paradigm and showed that hot spots are enriched in very specific amino acid side chains like
R, D, H, I, Wand Y [32]. In the MIF trimer W, I, and Y (three of the more frequently
residues found in hot spots) are strategically located inside the hydrophobic core, as
predicted by the algorithm and according to the hot spot concept. In the unbound MIF trimer
these residues are topologically located on the side of the cylinder at the interface of two
subunits in the trimer (Figure 6a). Interestingly, Lolis” group reported that substitution of 164
or W108 rendered MIF partially biologically inactive [27]. In our predicted model, both
amino acid residues are contained in or near the hot spot but the contribution of these two
residues to the binding energy of MIF to CD74 remains to be investigated.

In contrast to MIF, the D-DT X-ray structure shows that these residues are located in the
bottom of the barrel at the periphery (Figure 7a). The reason for this discrepancy is a
potential insertion of an intervening (mostly) hydrophobic segment (108-IGKIGTVM-115,
Figure 7b) that pushes the D-DT binding motif downwards and towards the bottom and
center of the barrel of the trimer. This difference might explain the ability of D-DT to bind to
the CD74 hot spot with a different topology and orientation than MIF (Figure 7c & 7d) and
potentially with a different affinity and stoichiometry [17]. There are no biochemical or
mutagenesis studies yet available that address these potential D-DT residues involved in the
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binding. Our model predicts that Y36, 164 and W105 of D-DT (the latter residues
structurally equivalent to 164 and W108 in MIF) are part of a hot spot, and may play a key
role in the binding free energy of this cytokine to CD74. In the MIF homotrimer this motif is
positioned on one side at the interface of two subunits. The chemical nature of the residues
involved in the binding of both cytokines to CD74 is similar (see above). MIF as well as D-
DT hydrophobic residues are sheltered by the aromatic cradle on CD74 and share basically
the same or similar chemical properties. In protein:protein interfaces hot spots contribute up
to 75% of the binding energy [31] and correlate with structurally conserved interface
residues [33]. Taken into context, we speculate that this hot spot plays a far more important
role in the binding of both MIF and D-DT than the salt bridges and that substitutions in
CD74 Y118 and/or G119 might have profound effects on the ability of CD74 to bind their
ligands. The other two interfaces described here for the D-DT/CD74 pair might contribute to
the stability of the complex rather than to the binding free energy. In both cases, the regions
contributing to the binding are located at the C-terminal segment on both complexes, a
region of great flexibility [10, 12, 14, 34] and we can envision that these residues are free to
move about and adopt structures of high conformational enthropy.

Our theoretical model has implications when considering the kinetic parameters governing
the D-DT/CD74 or MIF/CD74 complex formation. The models presented in this work
predict that a dodecameric structure in which one MIF homotrimer is kept in place by 3
CD74 molecules bound to each of the subunit interfaces would result in a long lasting
complex with a slow association and a slow dissociation constant since MIF has three
binding sites for CD74. Since the CD74 binding site on MIF is at the subunit interface we
might infer that a monomeric MIF would render the cytokine inactive [35]. On the other
hand, the interaction between D-DT and CD74 would result in a weaker interaction with a
rapid complex formation but also a rapid dissociation rate since, due to stearic limitations, as
there is only one predicted binding site for CD74 per every molecule of D-DT. Thus, it is
expected that D-DT would not efficiently outcompete MIF to bind the same receptor, in
concert with previously reported biochemical data from the Bucala laboratory showing that
D-DT has a ~3-fold higher binding rate, but also dissociates much faster than MIF [4, 17].
Because of lack of data, it is challenging to picture how the co-receptors CD44 and CXCR4
might influence the binding properties of MIF or D-DT to CD74 on the cell surface. In this
regard, Shi et al. showed that in a transfected COS cell line, MIF bound only to CD74-
transfected cells and that CD44 was needed for further signaling [5]. We can speculate that
upon MIF binding, CD74 might undergo some structural rearrangement to transmit the
“MIF-bound” message through CD44 or CXCR4 [36], two known co-receptors triggering
the downstream signaling cascade.

5. Conclusions

In summary, our model provides suggestions for mutagenesis studies to evaluate the role of
specific amino acid residues that might be crucial for the binding of CD74 to its ligands,
MIF and D-DT.
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. Model predicts 3 CD74 binding sites per each MIF and D-DT molecule

. D-DT/CD74 and MIF/CD74 binding involves a hot spot, salt bridges
and hydrogen bonds

. Model is consistent with known binding constants and empirical
binding data

Highlights

Docking analysis used to study structural orientation of MIF and D-DT
binding to CD74

CD74 binding region differed for D-DT vs. MIF due to 8 amino acid
insertion in D-DT
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Figure 1.
Cartoon describing the secondary, tertiary and quaternary structures of MIF (1GDO, a and

d), D-DT (1DPT, b and e), and the CD74 trimerization domain (11IE, ¢ and f). Atomic
coordinates were retrieved from the Protein Data Bank (PDB) and ribbon-rendered using
PyMol. Upper row shows views of the structures from the top. Lower row show a lateral
view of the same homotrimers. Molecular image of CD74 is at a smaller scale to allow
visualization of the unstructured random coils.
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Figure 2.
Surface rendered model of the overall topology of binding for D-DT and the CD74

trimerization domain. D-DT binds to CD74 in an angular way. a) CD74 trimer vertical axis
contrasts with the D-DT axis tilted about 120°. b) Complex with the D-DT axis maintained
in a vertical orientation. The CD74 receptor is in blue and the different D-DT subunits are in
light grey, pink and yellow.
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Figure 3.
Highlight of the CD74 and D-DT images participating in the binding interface. a) Residues

on CD74 are shown in blue (left) and D-DT residues are shown in yellow (right). b) Close
up slice view from the top of the hot spot that characterizes the interaction between D-DT
and CD74. The bulk of the CD74 structure is shown in grey. Y118 and G119 are colored in
blue. Hydrophobic residues contributed from D-DT are colored yellow. ¢) Side view of a
stick-rendered image of the D-DT/CD74 complex at the hot spot interface. Coloring as
described for panel b. d) Hydrophilic ring sealing the hydrophobic patch of the interface.
Most of the residues are contributed by CD74 protomers, including N120, T122, R179,
H180, S181 and E183. D-DT contributes T69 and E71 positioned at the periphery of the
interface. This is a typical arrangement found in hot spots. Orange residues are from CD74.
CD74 residues Y118 and G119 are in blue and hydrophobic residues from D-DT are in
yellow. Molecular images are not at the same scale.
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Figure 4.
Potential salt bridges are formed by the interaction of D-DT and CD74. a) E103, R179, and

S181 form a triad at the D-DT and CD74 interface, with a salt bridge predicted to form
between CD74 R179 and D-DT E103. A second salt bridge forms between a second set of
D-DT and CD74 protomers, while S181 and R179 form hydrogen bonds. b) Enlarged view
of the salt bridges.
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Figure 5.
Depiction of the transient interaction between D-DT and CD74. The CD74 trimer is grey

with one binding region on an unstructured C-terminal extension colored in blue. Residues
in one of the D-DT protomers involved in the binding is colored in cyan.
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Figure 6.
Overall topology of the MIF/CD74 complex as predicted by ZDOCK. a) Amino acid

residues involved in the hot spot contributed by CD74 (left panel, residues Y118 and G119
in blue and surrounding hydrophilic residues in orange) and the corresponding MIF binding
site for CD74 colored in yellow (right panel). Models of the whole molecules are not at the
same scale. b) Overall topology of the MIF (yellow) and CD74 (blue) complex. ¢) Amino
acid residues Y118 and G119 involved in the hot spot contributed by CD74 are in blue.
Residues in orange represent the CD74 hydrophilic ring surrounding the hydrophobic core.
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Figure 7.
a) Predicted topology of the differing D-DT and MIF binding sites for CD74. Upper panel

represents a view of the barrel of the trimers. Lower panel represents a side view of the
trimers. b) Proposed alignment between MIF and D-DT. Amino acid residues thought to be
inserted or deleted during or after duplication are in blue. c) Orientation of D-DT and MIF
binding residues (shown in yellow with the aromatic residues F and W in red) to CD74 hot
spot (in blue). d) Aligned ribbon illustration of the C-terminal binding motif for CD74 of
MIF and D-DT.
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