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Supplementary Discussion

Please note: in the supplement the residues are listed with subunit name in the prefix;

residues conserved between all three antiporter-like subunits are indicated by an asterisk.

1. Description of proton-translocation pathways in antiporter-like subunits.

Possible pathways and intra-protein cavities were examined with programs CAVER®",
HOLE® and VOIDOO®. None of the channels is solvent-accessible on both sides of the
membrane, with either 1.4 or 1.2 A% radius probes.

In the first channel (near TM7), the cavity surrounding LysTM?7 is about 70 A°,
sufficient to hold up to two water molecules. One is observed in NuoN, near the C-
terminus of TM7a. It is possible that less well-ordered water molecules are present in the
similar positions in NuoL/M. In addition to LysTM7 and GluTMS, between 2 and 5 polar
residues line this cavity (Fig. 4a-c and Supplementary Table 5). In all three subunits the
channel is closed from the periplasm by a bulky residue just 'below' LysTM7 (L Trp143,
mTrpl43 and nIle132), followed by a tightly packed layer of hydrophobic residues. In
NuoM, the path to the cytoplasm from LysTM7 is open for the 1.2 A probe, reaching the
surface near Glul08 and His159 via Asp258 (Fig. 4b). In NuoN, the protonation pathway
from LysTM7 to the cytoplasm could include a putative water molecule between Tyr159
and Ser239, reaching the surface via conserved Lys295 and nearby Asp355/Asp357 (Fig.
4c). In NuoL, connection to a small cavity near His100 and further on to the cytoplasm
can be achieved via a cavity next to Thr257. Additionally, a large cavity (about 200 A®)
between NuoL and M is lined with polar residues. It is blocked from the periplasm by
bulky hydrophobic residues, but is accessible to the cytoplasm via 1 Argl15 or His441.
Indeed, we observe a likely water molecule coordinated by invariant  Argl75 and
LGlul44. Thus, protonation of LysTM7 in NuoL may be achieved also by “side-entry”
near GluTMS5 (Fig. 4a). Unlike NuoM and N, NuoL contains another invariant charged
residue between GluTMS5 and LysTM7, Asp178, needed for full activity”’. A cavity
(about 100 A?) between NuoM and N, near yGluTMS5 and ynLysTM12, is closed from the
periplasm by hydrophobic residues. Access to the cytoplasm could be achieved if a water
molecule is coordinated near \Tyr151 and pThr172.

The cavity in the middle of the second channel, near Lys/GluTM12, is significantly

larger and more polar than that in the first one. It is up to 200 A” and is lined with about
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ten polar residues (Fig. 4a-c and Supplementary Table 5). Two water molecules are
observed in this cavity in NuoM and one in NuoN. Access to the cytoplasm from this
cavity appears to be closed in all three subunits. However, the periplasm is accessible: in
NuoL, Asp400 (conserved and important for proton pumping®’) faces the cavity and can
interact with Glu494, exposed at the likely lipid-periplasm interface. In NuoM, a path for
the 1.2 A probe is open via a small cavity lined with Ser414, Ser425 and Thr422, with
only a short constriction near Thr332 at the surface. In NuoN, only Leu407 from the
surface-exposed loop partly blocks the entrance to the channel, which is not likely to
prevent access in the dynamic protein structure.

The connection between the two channels in each subunit is formed by many
conserved charged and polar residues in the middle of the membrane (Fig. 4,
Supplementary Fig. 8 and Table 5). The link between the channels is most obvious in
NuoN: LysTM7 — W (observed water molecule) — Lys247 — W — His305 - W —
LysTM12 (Fig. 4c). Although the distances between ionizable residues and resolved
water molecules are 4-6 A, there are no obstacles between them. Therefore, proton
transfer is likely to be efficient, due to conformational flexibility and/or the presence of
additional water molecules, probable due to the abundance of polar residues around this
pathway. Some waters may be coordinated (also in NuoL/M) by the exposed backbone
carbonyls from the mt-bulge of TM8. Additionally, Tyr231 and Tyr333 nearby may
participate in proton transfer, as suggested for a conserved tyrosine in cytochrome ¢
oxidase®. Importantly, central yLys247 is invariant, essential for activity*® and is found
on the TMS8 m-bulge. In NuoM, Lys265 is in a similar position between the two channels,

. . . . 1
and is also invariant and essential’®’

. The pathway between the channels in NuoM thus
is likely to involve His248, Lys265, His348 and invariant His322, as well as resolved and
putative water molecules (Fig. 4b). In NuoL, an analog of NLys247 is absent, but in this
area there 1s His254 and also Lys342, both invariant. Therefore, the pathway between the
channels is likely to involve His254, Lys342, His338, His334 and putative water
molecules (Fig. 4a).

Thus, in all antiporter-like subunits, two half-closed channels are linked in the
middle of the membrane, forming a single continuous proton translocation pathway
through each subunit. Similar to NuoL/M and NuoM/N cavities, the cavity at the
NuoN/K/J interface might also be used for “side-entry” protonation of LysTM7 in NuoN

via GluTMS. Thus, the additional input pathway to LysTM7 from the inter-subunit cavity
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seems possible in all antiporter-like subunits. However, it is less likely compared to the
first half-channel, since (in contrast to the NuoN/K/J interface) the NuoL/M and M/N
interfaces are not extensive and so not well suited for active proton transport. The first
half-channel also works better from the point of view of symmetry in conformational
coupling, and residues lining it are more conserved than those at the interfaces. The
overall architecture with two interacting anti-symmetrical half-channels may help achieve
a high efficiency of coupling between the protein conformation and pmf, since nearly the
entire subunit (rather than a single isolated channel of 3-4 helices) would be involved in
proton translocation.

Overall, the periplasmic side of the protein is closed from the solvent more tightly,
by bulky hydrophobic residues, probably because proton concentration here is higher
compared to the cytoplasm. Large water-containing cavities in the second channel may
serve to reduce the energy barrier for protons crossing the membrane, as observed in

other proton pumps®.

2. Are there alternative possibilities for the proton-translocation pathway in

antiporter-like subunits?

What are the alternatives to the proposed pathway through two connected half-
channels? A single fully functioning channel in only one of the two symmetry-related
domains is unlikely, because the first channel, containing crucial LysTM7/GluTMS, is
clearly functional and the second channel contains larger cavities with larger amount of
conserved (some essential) polar residues, so must also be functional. A remote
possibility is that GluTMS/LysTM7 act just as a conformational switch for the second
channel. That is unlikely, since the first channel contains other polar residues and cavities
linking it to the cytoplasm. Could both channels function as proton pumps? Then at least
six protons would be translocated per cycle - such a stoichiometry is not
thermodynamically feasible and has not been observed. Could one channel be used for
proton transport and another for sodium (passive sodium antiport is suggested for
complex I°°, but remains controversial)? This is unlikely since many conserved (some
essential) polar residues form a connection between the two channels, which is needed
only if both channels are half-closed.

We built homology models (not shown) for the antiporter subunits MrpA and MrpD

(NuoL and NuoM homologues respectively), which also suggest two half-closed channels
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connected by charged residues. Effects of mutations are consistent (Supplementary Table
8), suggesting that Mrp antiporters employ similar pathways and mechanisms for proton
translocation. They couple, probably also conformationally, proton influx into the cell
(i.e. in the same direction as during reverse reaction in complex I) to sodium efflux®,
with the sodium binding site possibly found in subunits MrpE-G or at the MrpA/D
interface. Sequence conservation suggests that antiporter-like subunits in chloroplast Ndh
complexes and membrane-bound hydrogenases are also likely to employ similar

pathways.

3. Description of the proposed mechanism of coupling between electron transfer and

proton translocation.

We observed that upon reduction of the hydrophilic domain by NADH helix gH1
and the four-helix bundle from NuoD shift". They are at the interface with the membrane
domain and so can drive conformational changes there, in particular in subunits
NuoA/J/K, through either direct contact (NuoD to NuoA) or via NuoH (Fig. 1¢).
Consistently, cross-links between NuoA and J disappear upon reduction of complex I%".
Communication between the two domains may proceed in part via the long rigid helix
TM1 of NuoH'", which approaches close to TMs 1-3 of NuoJ with one end (Fig. 1c) and,
with another end, close to helix gH1 (which is linked to Fe-S cluster N2'%). A short
periplasmic helix of NuoJ, preceding ;TMS5, may provide a connection between yTM1
and the BH element (Fig. 3a).

Helix HL interacts with subunits NuoJ/K via ; TM16, so it can be moved, piston
rod-like, along the membrane domain surface. HL in turn contacts flexible (due to an
intra-helical loop) LMnTM7, so it can change the environment of LysTM7, including the
distance to GluTMS5. Although lysine would be an unusual proton translocator due to its
high pKa (~10), this value can be lowered by 3-4 pH units for a buried residue, as in the
ApcT transporter™. Decrease in the distance between GluTM5 and LysTM?7 will raise the
pKa of lysine (due to approaching negative charge of carboxylate) and may result in its
protonation (and vice versa, lysine deprotonation upon increase of distance).

Although helix HL is an obvious coupling element, it is likely to be not the only
one. The BH element can interact with TM12 through the C-terminus of TM 14 (linked to

helix CH and hydrogen bonded to semi-conserved  Trp67 / »Trp71 from the hairpin).
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TM14 can be mobile because it is short and highly tilted, resembling, together with helix
CH, a broken TM helix (Fig. 3b). Additionally, interaction between the two half-channels
from neighboring subunits is possible through an invariant proline in the TM12 intra-
helical loop (MPro399* and nPro387%*), which contacts GluTMS5 from subunit NuoL and
M, respectively. Conformational changes can push the proline against GluTMS, in turn
changing its distance to LysTM7. The required flexibility of TMS5 can be provided by
another proline (conserved in NuoM, Pro149), which introduces a slight kink in the helix.
Although this proline is absent in NuoL,  TMS5 contains three conserved glycines.

Interaction between the two half-channels in the same subunit can be mediated by
TMS. Invariant NLys247, mLys265 and { His254, connecting the two channels, are located
on TMS near its flexible kink. The BH element includes conserved (also in Mrp
antiporters) salt bridges between the hairpin (\Asp84*) and the C-terminus of TM8
(mArg273*, Fig. 3a). On the other hand, the N-terminus of TMS is connected to TM7 by
a very short rigid loop containing a conserved proline (\Pro252%*).

In NuoL, connecting helix CH is mostly unwound. However,  TM8 is one of the
most conserved TM helices in the complex, suggesting that its role in coupling may be
relatively greater in NuoL than in NuoM/N.

The conformational changes, driven by the fH element and TMS, can result in
protonation/deprotonation of Lys/GluTM12 via interactions with the exposed C-terminus
of TM12a or with nearby charged residues - xHis305, invariant \His322 and invariant
LHis334. The exposure of GluTMS5 and Lys/GluTM12 to the inter-subunit cavities
suggests an additional possibility. These residues may switch between the two
conformations. In one, as observed in the current structure and probably representing the
oxidised enzyme, GIuTMS is closer to LysTM7 of the same subunit. Upon enzyme
reduction, it could approach closer to Lys/GluTM12 on the nearby subunit, increasing its
pKa and leading to its protonation by the incoming proton from the first channel of that
subunit. In this way, protonation of the crucial residue in the opposite half-channels
would be achieved in different parts of the catalytic cycle, as required for the
directionality of the pump. The distance from yGlul44 to \Lys234 (5.4 A) is only 2.8 A
shorter than the distance to nLys395, so such a mechanism appears plausible. It is not
exclusively necessary, as LysTM12 in NuoL clearly operates without such a partner. In
NuoN, GIuTMS also does not face another antiporter-like subunit, although it may
interact with Glu72, at the beginning of the fourth proton pathway. Mutagenesis studies
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support “switch” possibility — when GluTMS5 in NuoM was shifted one helix turn up or
down®, the activity was retained (Supplementary Table 6, E144A/F140E and
E144A/L147E mutants). Only in these positions the residue mutated to glutamate is not
only close to LysTM7, but is also at the interface with NuoN. In other cases activity was
lost even if the residue is close to LysTM7 (E144A/M146E).

Since the reaction of complex I is fully reversible (pmf can drive reduction of
NAD' by ubiquinol), oxidoreductase activity must be tightly coupled to the
conformational changes. A possible explanation for such coupling is the necessity for
ubiquinone to be moved, by conformational changes, 10-20 A out of the membrane'' in
order to react with its electron donor, cluster N2. Conversely, such quinone movement
may assist conformational changes, through interaction of charged (semi)quinone species
with charged residues in the vicinity (and/or cluster N2). Therefore, if mutations of
residues in the proton channels interfere with conformational changes, oxidoreductase
activity would be affected also, as observed (Supplementary Tables 6 and 7). Two of the
most common mutations causing human diseases involve residues near ,yTM7 and
channel 4 (Supplementary Table 7).

Since the structure renders additional “direct” coupling unnecessary, it is unlikely
that unusual disconnection of tandem coordinating cysteines from cluster N2 (observed
upon reduction), will result in an additional translocated proton, as discussed
previously'. However, such a change in N2 coordination helps to explain the reverse
complex I reaction — pmf-driven conformational changes can shift helix H1 of NuoB,
resulting in mechanical disconnection of the tandem cysteine(s), thus decreasing the
redox potential of cluster N2 so that it can mediate reduction of NAD" via the chain of
clusters. Conversely, in the forward reaction, disconnection of tandem cysteines upon N2

reduction will help drive conformational changes.

4. Are there any ubiquinone binding sites in the antiporter-like subunits, and is

NuoN functionally different from NuoL/M?

In addition to the well-established ubiquinone-binding site at the interface of
membrane and hydrophilic domains, quinone binding by antiporter-like subunits of
complex I is also widely discussed in literature. On one hand, this is stimulated by
photoaffinity labelling experiments with analogues of specific hydrophobic inhibitors,

showing labelling of ND2"°, ND4"' and ND5°° subunits of bovine complex I,
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homologous to E. coli NuoN, M and L, respectively. On the other hand, the presence of
the quinone-binding motif (L/A-X3-H-X,/3-L/T/S) in these subunits has been proposed by
Fischer and Rich®. In this motif, the conserved histidine residue serves as a hydrogen
bond donor to quinone carbonyl or hydroxyl moieties, while the quinone ring is usually
flanked by aromatic and aliphatic residues.

The signature motif is quite weak and authors suggested that it can be more
indicative of the true quinone-binding site when combined with high sequence
conservation in the same region. Sequence motifs centred on  His334, | His338, \His241,
mHis322, \His348 and nHis224 have been discussed as potential quinone binding
sites®”**** In addition, Amarneh and Vik*® observed inhibition of NADH oxidase
activity by decylubiquinone in several mutants, including yHis224. The structure shows
that the majority of these histidines are in fact buried deep inside the protein and are parts
of putative proton translocation channels. Only \His241 and yHis224 (structurally and
sequentially conserved) are located on TM7b pointing outside the subunit. However, they
interact directly with helix HL, which is the likely primary reason for their conservation.
Importantly, inhibition (or lack of activation) with decylubiquinone were also observed
for mutations®® of other surface residues interacting with HL, nLys158 and yTyr300.
Recently, analogous residues in NuoL and NuoM (; Lys169, ,,Lys173,,GIn236 and
wHis241), all contacting HL (Fig. 3a and Supplementary Table 6), were mutated, with
similar results for all three antiporter-like subunits®®. Thus, the effect of these mutations
cannot be attributed to disruption of any additional quinone binding sites. Rather, it
occurs due to interference with conformational coupling, likely involving communication
between helix HL and the quinone-binding site at the interface with the hydrophilic
domain. Both proton-pumping and oxidoreductase activities were significantly affected in
these mutants™®, confirming essential coupling role of helix HL.

Thus, we do not see any potential quinone binding sites in antiporter-like subunits,
either formed around these histidines or elsewhere. The labelling by photoaffinity
inhibitor analogues may have been unspecific, for example due to the presence of
hydrophobic crevices at the interfaces between subunits. Global conformational changes
upon enzyme reduction or inhibitor binding would explain the effects observed on
labelling™®.

Also, one tightly bound quinone molecule’, as well as two semiquinone species,
have been observed in bovine complex I*. Fast-relaxing semiquinone (Qys) is sensitive to

the membrane potential and interacts with cluster N2, whilst slow-relaxing semiquinone

WWW.NATURE.COM/NATURE | 8



doi:10.1038/nature10330 AT\ {6 W SUPPLEMENTARY INFORMATION

(Qns) is not**. Additionally, mutations to GluTM5 in NuoN appear to affect activity less
drastically than in NuoL/M>®, and it was noted earlier'” and discussed in detail recently’
that TMs 1-3 are absent from NuoN in metazoans. These observations led to the
proposals that subunit NuoN is functionally different from NuoL/M, does not pump
protons and contains bound quinone acting as a cofactor (Qns)>>**".

The structure indicates that this is unlikely, since TMs 1-3 are found at the
periphery of antiporter-like subunits and only helices 4-13 form the functional core,
which is very similar in NuoL, M and N. Also, the -hairpin between TMs 2 and 3 is
short in NuoN and its role in metazoans may be performed by supernumerary subunit(s).
Additionally, TMI is absent in NuoL from insects (D. melanogaster) and worms (C.
elegans) (Supplementary Fig. 8).

Furthermore, although the NuoN environment is fully preserved in the structure (all
subunits contacting it are present), we do not observe any bound cofactors. A likely
explanation for the presence of two observed semiquinone species is that one of them
(Qns) represents the population of quinone molecules bound as in the oxidised state of
complex I, fully embedded in the membrane and thus far away from cluster N2. The other
species (Qns) may represent quinone moved out of the membrane'' by conformational
changes, so that it can interact with cluster N2.

The difference in effects of GluTMS5 mutations can be explained if inter-subunit
interactions via GluTMS5 are important to sustain conformational changes in antiporter-
like subunits, as we describe for NuoL and M. However, in NuoN the equivalent NGlu133
does not face another antiporter-like subunit. Consequently, mutations may not impede
overall conformational change and hence activity. Although proton pumping by NuoN is
likely to be compromised by mutations, a drop in overall stoichiometry from 4 to 3 is
difficult to measure experimentally. It was also noted that yGlu133 is not conserved in
worms™>"°. However, these species show other sequence deviations and lack also xGlu72
/ yTyr59 (Supplementary Fig. 8), so it is possible that channel 4, involving all three
residues, is not functional in worms. On the other hand, all three crucial lysines (217, 247
and 395) are conserved in NuoN from these species, so this subunit is still likely involved
in proton pumping, with the modulating role of xGlul33 taken over by other residue(s).
Mutations of any of these lysines in NuoN completely abolish activity in E. coli™®,
supporting the notion that NuoN pumps protons similarly to NuoL/M.

In a recent publication®’ it was shown that when helix HL is truncated (or subunit

NuoL removed completely), oxidoreductase activity remains, but proton-pumping is
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diminished, confirming the essential coupling role of this helix. The proton-pumping

42,74
" were not

assays were very qualitative, and any known quantitative measures
employed. Therefore, even though it was suggested that proton-pumping stoichiometry
dropped from 4 to 2, this value is hardly reliable. Importantly, however, even if this
estimation turns out to be correct, it does not mean that the 2 remaining protons are
pumped via direct redox coupling involving two quinones and that NuoN does not pump
protons, as the authors suggest®’. Our structure shows that discontinuous helix TM7 in
subunit NuoN contacts helix HL at its extremity, were HL is continued by  TM16, at the
interface with subunits NuoAJK (Fig. 1ab). As we propose, conformational changes in
NuoAJK drive {TM16 and HL, which then communicates with distal subunits NuoM/L.
Truncation of HL will abolish this communication and so the translocation of two protons
via NuoM/L. However, since TM7 in NuoN is in close contact with NuoAJK, NuoN can
still perform proton translocation within our mechanism. The fourth proton channel is
found at NuoN/K/J interface and so clearly may perform translocation without HL. So, in
full agreement with our model, HL-truncated mutants can still translocate two protons per
cycle.

In another recent proposal it is suggested that complex I contains only two
functioning proton pump modules, one in each of the two halves of the membrane
domain (divided as NuoHAJKN and NuoLM sub-complexes)’”. During the catalytic
cycle each pump would perform two “strokes”, resulting in four protons translocated in
total. This model implies that either NuoM or NuoL subunit is not functional, which
appears highly unlikely in view of the many conserved and essential (Supplementary
Table 6) charged residues found in the proton translocation channels in both subunits.

In summary, the structure does not provide support for the presence of any
additional quinone-binding sites in antiporter-like subunits, nor for proposals that subunit
NuoN is functionally different from NuoL/M. The presence of a single Q-site at the
interface of the two main domains, involving subunit NuoH (Fig. 1c¢), is consistent with

all available functional and mutagenesis data.
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Supplementary Table 1. Data collection, phasing and refinement statistics.

Native SeMet
Data collection
Beamline 1ID29 1D29
Space group P1 P1
Cell dimensions
a, b, c(A) 95.59, 93.67,
116.79, 116.23,
191.84 189.28
a, B,y (°) 98.40, 98.31,
104.23, 102.66,
108.60 109.24
Peak Inflection Remote
Wavelength (A) 1.00 0.9789 0.9790 0.85
Scaling 1
Resolution (A) 30-3.2 (3.37-  30-3.5(3.69- 30-3.60 30-3.7 (3.90-
3.20) 3.50) (3.79-3.60) 3.70)
Rsym OF Rinerge (%0) 13.8 (73.2) 21.2(101.9) 185 24.6 (100.1)
(88.2)
Ryim (%) 10.0 (55.2) 12.6 (60.4) 11.0 13.4 (54.7)
(52.3)
I/ol 4.9 (1.3) 4.7 (1.3) 5.7 (1.5) 4.7 (1.5)
Completeness (%) 95.4 (96.1) 97.3(97.7) 97.4 97.8 (98.0)
97.7)
Redundancy 2.5 3.8 3.8 4.4
Scaling 2 (anisotropically truncated data)
Resolution (A) 30-3.0 (3.16-
3.0
Rsym OF Rinerge (%0) 16.4 (121.6)
Ryim (%) 12.0 (92.0)
I/ol 4.1(0.8)
Completeness (%) 95.5 (96.0)
Redundancy 2.6 (2.6)
Completeness after 86.5 (54.0)
aniso truncation (%)
Refinement
Resolution (A) 20-3.0
No. reflections 126323
Ryork/ Rree (%0) 23.19/28.16
No. atoms 30310
Protein 30002
Ligand/ion 292
Water 16
Mean B-factors (A™) 76
R.m.s deviations
Bond lengths (A) 0.016
Bond angles (°) 1.070

*Highest resolution shell is shown in parenthesis.

Scaling 1 and refinement to 3.2 A were performed using all data as a control,
yielding Ryork/Reree=23.1/27.4 %. The main refinement was performed with data
anisotropically scaled and truncated to 3.4, 3.0 and 3.0 A along a*, b* and c* axes
respectively (Scaling 2).
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Supplementary Table 2. Residues present in the model.

Subunit | Number Residues Missing fragments

of built

residues in

sequence
NuoL 613 1-612 C-terminus
NuoM 509 1-504 C-terminus

1-191, 199-439, | Fragments of TM6 -TM7 loop
NuoN 1 485 445-485 and TM13 -TM14 loop
NuoK 100 1-100 None
NuoA | 147 15-43, 61-126 | Loop TMI-TM2, Cand N
termini

NuolJ 184 1-168 C-terminus
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Supplementary Table 3. Statistics of structural alignment of subunits NuoL, M and

N, their symmetry related domains and subunit NuoK.

a) Antiporter-like subunits, 14 conserved TM helices.

Subunits RMSD Co, A | Length of | Sequence
alignment | Identity, %
NuoL-NuoM 1.73 437 22.0
NuoL-NuoN 2.15 421 20.2
NuoM-NuoN | 2.16 418 19.4

b) Symmetrical sets of five helices.
The letter signifies subunit, the number - set of helices:
1 -TM 4-8,2—-TM 9-13.

Set of RMSD Length of Sequence
helices Ca, A alignment | Identity, %
L1-L2 2.22 136 10.3
M1-M2 3.09 137 9.5

NI1-N2 291 148 12.2

¢) Alignment of subunit NuoK with TM helices 4-6 (set 1) and 9-11
(set 2) of antiporter-like subunits. Naming convention as in table b.

Alignment | RMSD Length of Sequence
Ca, A alignment | Identity, %

K-L1 2.66 85 18.7
K-L2 2.13 79 11.4
K-M1 2.20 78 10.3
K-M2 3.48 86 9.2

K-N1 1.95 88 17.0
K-N2 2.19 89 10.1
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Supplementary Table 4. Summary of analysis of interactions between subunits.

a) Membrane domain assembly (subunits NuoLMNAIJK)

Surface area, A’ 62193.0 AG™, kcal/mol -322.3
Buried area, A” 30535.0 AG*, kcal/mol 76.6

b) Individual subunits

Range Surface Buried AG™ Nug Nsgp
area, A’ area, A’ keal/mol
L 27186.8 4439.1 -44.63 19 3
M 18180.5 3981.5 -44 .32 16 4
N 17841.3 6263.4 -66.26 24 7
K 7588.8 5846.4 -51.42 36 8
J 13595.9 7167.6 -85.47 25 6
A 8334.8 2837.0 -30.22 16 2

¢) Pair-wise subunit interactions

Interfacing Buried area, A’ AG™, keal/mol Nus Nsgp
structures

A+J+K+N
T+ K 33472 (11%) 263.9 (20%) 15 (22%) 3 (20%)
TTA 20714 (%) 51.9 (16%) 8 (12%) 2 (13%)
ATK 303.8 (1%) 26.0 (2%) 5 (7%) 0 (0%)
K+ N 17248 (6%) 320 (10%) 12 (18%) 3 (20%)
ATN 361.7 (1%) 75 2%) 3 (4%) 0 (0%)
TN 1317.6 (4%) 30.8 (10%) 2 (3%) 1(7%)
K+L 470.6 (2%) 263 (2%) 4 (6%) 2 (13%)
TL 3314 (1%) 3.8 (3%) 0 (0%) 0 (0%)

L+M+N

ML 2379.7 (8%) 454 (14%) 12 (18%)[5] 1(7%) [1]
N+ M 1601.8 (5%) 39,5 (12%) 4 (6%) 3 (20%)
N+L 1257.4 (4%) 304 (9%) 3 (4%) 0 (0%)

Analysis was performed using the PISA server at PDBe (http://www.ebi.ac.uk/msd-

srv/prot_int/cgi-bin/piserver). AG™ indicates the solvation free ener ain upon
gy g P

formation of the assembly, AG™ indicates the free energy of assembly dissociation,
Nib, — number of hydrogen bonds at the interface and N, — number of salt bridges at
the interface. Numbers in square brackets indicate how many bonds between NuoM
and NuoL are contributed by helix HL. All other subunits can contact NuoL only via

HL and TM16.
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AN TANE N SUPPLEMENTARY INFORMATION

Supplementary Table 4, continuation. Details of interactions between antiporter-like

subunits. Contacts involving the p-hairpin are in blue, helix HL - in red. Potential

weak hydrogen bonds are not included.

M+L
NuoM Dist, A

Hydrogen bonds

GLN 483[ NE2] 2.75
GLY 479[ O ] 2.88
GLN 483[ OEl] 2.99
SER 379[ OG ] 3.45
GLN 416[ NE2] 2.99
SER 433[ OG ] 3.15
GLN 416[ OEl] 3.63
TRP 303[ NE1] 3.65
TYR 317[ OH ] 2.51
HIS 241[ NE2] 2.63
LYS 173[ NZ ] 2.79
TYR 300[ OH ] 3.30
Salt bridges

HIS 241[ NE2] 2.63
N+M

NuoN Dist, A
Hydrogen bonds

VAL 469[ O ] 3.19
GLN 472[ OE1l] 3.14
GLU 324[ OE2] 3.56
GLU 324[ OEl] 3.69
Salt bridges

GLU 324[ OE2] 3.56
GLU 324[ OEl] 3.96
GLU 324[ OEl] 3.69
N+L

NuoN Dist, A
Hydrogen bonds

LYS 158[ NZ ] 3.60
ASP 229[ 0OD2] 2.52
PRO 222[ O ] 3.31

NuoL

SER 69]
TRP 67]
SER 69]
TYR 158]
ASN 190[
ARG 175]
TYR 189]
PHE 553]
ASP 563]
ASP 563]
ASN 566]
LEU 565]

ASP 563[

NuoM

TRP 71]
ARG 74]
ARG 74]
ARG 74]

ARG 74
ARG 74
ARG 74

NuoL

TYR 594[
TYR 594[
SER 597]

0G ]
NE1 ]
0G ]
OH ]
oD1]
NE ]
OH ]

oD1]
0D2]
oD1]

0D2]

NE1 ]

NE ]
NH2 ]

NE ]
NE ]
NH2 ]

OH ]
OH ]
0G ]
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AN TANE N SUPPLEMENTARY INFORMATION

Supplementary Table 5. Residues forming putative proton translocation channels,

either directly or by coordinating water molecules. Essential residues are in bold. In

channel 4 prefix indicates subunit.

Sub-
Channel Residues
unit
NuoL Main cavity K229,D178, T174, S150, E144
Main link to cytoplasm | T257, T120, H100
Possible link at R175, Y151, Y119, R115
subunits’ interface
Connection H254, K342, H338, T312, carbonyl O of A255
Main cavity K399, S398, T318, S314, Q315, T425, T428,
S311, H334, T337, T429
Link to periplasm D400, S497, E494
NuoM Main cavity K234, T178, T266, E144
Main link to cytoplasm | D258, S105, H117, E108, H159
Possible link at
subunits’ interface QI79, Y151, T172
K265, H248, H348, S319,
Connection
carbonyl O of A260 and G261
Main cavity E407, Q344, N403, S351, S321, H322, T395,
T318, Y435, S436
Link to periplasm S414, S425, T422, T332
NuoN Main cavity K217, S136, S163, S167, S246, Y159, E133
Main lll’lk to cytoplasm 8239, K295, D355, D357
Possible link at
subunits’ interface kE72, T160, 5156
Connection K247, S219, T227, Y231, S302, Y333, S337
Main cavity K395, Y308, Y329, H305, S418, S382, S336,
S304, N285, S301, Y425, Y424
Link to periplasm S322
NuoN NS156,8T160, kE72, kE36, 5Y59, «(N40, ;S35,
Main channel
K/J/A JESS, kY62, «Q59, ¢S51
Alt.ernative link to kS67, AY84, AE81, ;S145, ;JE142, \E102
periplasm

WWW.NATURE.COM/NATURE | 16




doi:10.1038/nature10330 AT\ {6 W SUPPLEMENTARY INFORMATION

Supplementary Table 6. Mutations in the membrane domain of E.coli complex 1. Residues
conserved between all antiporter-like subunits are in bold, those conserved within a single
subunit in regular font and those not conserved in italic. Oxidoreductase activities were
measured with either O, or DQ as final acceptor and the range observed is shown. Proton
pumping rates are very approximate. Abbreviations: SB - salt bridge, HB — hydrogen bond,
HL — helix HL.

a) Mutations in subunit NuoL

Mutation | Amino acid location Effect Reference
Expression | Activity Proton
pumping
D82A B-hairpin - TM8 SB normal 90% 80% 27
D82N normal 75% 80% 27
DI34N | surface, interacts with | normal 110% 70% 27
B-hairpin
E144A channel 1/ interface reduced 20% 30% 27
E144Q | with NuoM normal 15% 10% 27
K169C normal 65% decreased 38
K169E | TM6 - HL SB normal 67% decreased 38
K169R normal 94% decreased 38
D178A channel 1 normal 95% 80% 27
D178N normal 70% 50% 27
K229A | channel 1 low 10% NA 27
K229R normal 30% NA 27
K229E low 20% NA 27
Q236H normal 86% NA 38
0236k | TM7b—-HL HB normal 57%; DQ | significantly | 38
inhibition | decreased
0236C normal 86% NA 38
Q236F normal 84% NA 38
W238A normal 80% NA 27
w238Y | TM7b- TM7a HB low 50% NA 27
W238C low 30% NA 27
D303A | surface, interacts with | normal 110% 80% 27
D303N | IM11-121oop normal 100% 80% 27
H334A low 50% NA 27
H334Q | connecting normal 120% NA 27
H338A normal 100% NA 27
H338Q normal 100% NA 27
E3594 surface normal 100% normal 27
K399A | channel 2 low 20% NA 27
K399E low 15% NA 27
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Supplementary Table 6, continuation.

AN TANE N SUPPLEMENTARY INFORMATION

a) Mutations in subunit NuoL, continuation.

Mutation | Amino acid location Effect Reference
Expression | Activity Proton
pumping
D400A | channel 2 / surface normal 70% 50% 27
D400N normal 90% 70% 27
D400E normal 100% 90% 27
R431A | surface, near HL low 10% NA 27
R431H normal 100% NA 27
b) Mutations in subunit NuoM
Mutation Amino acid Effect Reference
location Expression | Activity Proton
pumping
D84A B-hairpin - TM8 | normal 83% NA 76
D84N SB normal 89% NA 76
D1354 surface. interacts reduced 44% normal 76
DI35N e normal 78% normal 76
with B-hairpin
DI135E normal 87% normal 76
E144A channel 1/ normal 2-10% no pumping | 76, 30, 69
E144Q interface with normal 2% no pumping | 76
E144D NuoN normal 89-100% | normal 76, 30
E144A/M145E normal 3% no pumping | 69
E144A/W143E normal 13% ~15% 69
E144A/V148E | channel 1/ normal 3% no pumping | 69
E144A/F140E | interface with normal 60% ~60% 69
E144A/F152E | NuoN normal 3% no pumping | 69
E144A/F141E normal 3% no pumping | 69
E144A/L147E normal 45% ~50% 69
E144A/F139E normal 2% no pumping | 69
E144A/F142E normal 3% no pumping | 69
E144A/M146E normal 2% no pumping | 69
E144A/P149E normal 4% no pumping | 69
E144A/M150E normal 2% no pumping | 69
E144A/Y151E normal 3% no pumping | 69
E144A/L153E normal 3% no pumping | 69
E144A/V127E normal 3% no pumping | 69
E144A/1128E normal 3% no pumping | 69
E144A/G129E normal 5% no pumping | 69
E144A/1189E normal 3% no pumping | 69
E144A/L190E normal 2% no pumping | 69
E144A/A191E normal 3% no pumping | 69
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Supplementary Table 6, continuation.

b) Mutations in subunit NuoM, continuation

AN TANE N SUPPLEMENTARY INFORMATION

Mutation | Amino acid location Effect Reference
Expression | Activity Proton
pumping
K173C normal 70% decreased 38
K173E T™M6 — HL HB normal 50% decreased 38
K173R normal 91% decreased 38
HI196A4 surface normal 79% NA 76
K234A normal 5-10% significantly | 76, 30
channel 1 decreased
K234R slightly 5-20% significantly | 30
reduced decreased
H241A normal 88% NA 76
H241E normal 71% NA 38
TM7b - HL —
H241K interaction normal 40%; DQ | significantly | 38
inhibition | decreased
H241R normal 46% NA 38
W243A Normal/ 103% normal 76, 30
TM7b — TM7a HB decreased
W243Y normal 104% NA 76
P245A TM7b surface normal 102% NA 76
K265A connecting normal 35-80% normal to 76, 30
significantly
decreased
R273A TMS - B-hairpin SB normal 92% NA 76
H322A channel 2 normal 100% NA 76
H348A connecting normal 92% NA 76
R3654 surface, SB TM11- normal 87% NA 76
™14
R369H surface, HB to TM7b | normal 63% normal 76
Y435A channel 2 normal 99% NA 76
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Supplementary Table 6, continuation.

¢) Mutations in subunit NuoN

Mutation | Amino acid location Effect Reference
Expression Activity Proton
pumping
MIH N-terminus, surface normal 20% 100% 28
M74K surface normal 90% 100% 28
C88S TM3, interior normal 100% 100% 28
C88V normal 100% 100% 28
E104C surface, near NuoJ normal 90% 100% 28
E133A channel 1 / interface with | normal 70% 100% 28
E133C | NuoK normal 70% 100% 28
E133D normal 80% 100% 28
RI151C surface normal 90% 100% 28
E154C surface, interacts with normal 70% 90% 28
NuoK N-terminus
K158C normal 50%; DQ | 80% 28, 38
T™M6 — HL HB inhibition
K158R normal 70% 80% 28,38
K158E normal 47% reduced | 38
T1601 interface with NuokK normal 80% NA 28
K217C channel 1 No NA NA 28
expression
K217R normal 40% 80% 28
H224A normal 100% 100% 28
H224Y | TM7b - HL interaction normal 90% 100% 28
H224K normal 40%; DQ | 70% 28
inhibition
H224E TM7b - HL interaction normal 67% NA 38
H224R normal 32% NA 38
W226C | TM7b - TM7a HB normal 90% 100% 28
D229C | TM7b - TM16 and HL | normal 70% 100% 28
interaction
K247C | connecting normal 0-7% 50% 28
K247R normal 80% 100% 28
K295C | channel 1 ? normal 80% 70% 28
K295R normal 90% 80% 28
Y300C | TMI10 - HL interaction normal 70%; DQ= | 80% 28
Y300S normal 50%; DQ= | 80% 28
G391S near channel 2 normal 90% NA 28
K395C channel 2 normal 5% NA 28
K395R normal 30% NA 28
Y424C channel 2 normal 90% NA 28
M482C | surface normal 100% NA 28
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Supplementary Table 6, continuation.

d) Mutations in subunit NuoK

Mutation Amino acid location Effect Reference
Expression | Activity | Proton
pumping
Fi154 interface with NuoN | normal 90% NA 32
G21V interface with NuoJ | normal 61% NA 32
R254 HBs to backbone of | normal 26% ~30% 32
R25K jTM1 C-terminus normal 28-31% | NA 32
R26A surface, near ' TM16 | normal 39% ~40% 32
R26K normal 100% NA 32
R25A/R26A normal 14% ~30% 32
E36A normal 1-7% NA 32
E36Q channel 4, interface | normal 3-8% no 33,32
with NuoJ pumping
E36D normal 120% normal 33
139D interface with NuoN | normal 140% normal 33
A69D opposite E36 normal 119% normal 33
E36Q/E72Q normal 5% impaired 33
E36Q/139D normal 21% impaired 33
E36Q/A69D normal 91% normal 33
E72A channel 4, interface | normal 43-48% | ~50% 32
E72Q with NuoN normal 22-77% | ~20% 33,32
E72D normal 100% normal 33
E72Q/139D normal 180% normal 33
E72Q/A69D normal 77% impaired 33
E72Q/G34D normal 77% impaired 33
E36Q/139D/ normal 200% impaired 33
A69D/E72Q
R85A surface normal 100% NA 32
R&85K normal 98% NA 32
R874 surface normal 99% NA 32
R87K normal 100% NA 32
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Supplementary Table 6, continuation.

e) Mutations in subunit NuoA

Mutation Amino acid location Effect Reference
Expression | Activity | Proton
pumping

K46A TM1-TM2 loop, not | normal 94-100% | NA 77
in the structure

ES1A TM1-TM2 loop, not | normal 30% NA 77
in the structure

D79A interface between normal 86-95% | NA 77

D79N 7TM3 and NuoH normal 37-44% | NA 77

E81A alternative channel 4, | normal ~40% NA 77
interface with Nuol

E81Q normal 50-77% | NA 77

D79N/E81Q normal 2-10% NA 77

f) Mutations in subunit NuoJ

Mutation | Amino acid location Effect Reference
Expression | Activity | Proton
pumping
Y59C channel 4, interface with | normal 57-93% | normal 40, 41
Y59F NuoK normal 44-50% | normal 40, 41
G61V TM3 kink, interface with | normal 48-53% | normal 40
G61L NuoA normal 69-72% | normal 40
M64V near channel 4 normal 78-89% | ~60% 40, 41
M64C normal 47% NA 41
M641 normal 100% normal 40, 41
V65G near TM3 kink, interface | normal 3-13% No 40, 41
with NuoA pumping
V65L normal 21-23% | reduced | 40
F67A near channel 4 normal ~85% 100% 40
M72V interface with NuoA/H NA 38% NA 41
M72A NA 74% NA 41
M72C NA 50% NA 41
M64V/M NA 92% NA 41
72A
ES0Q surface, interacts with normal 100%, normal 40
NuoK
E804 normal ~90% reduced |40
YI109F surface NA 96% NA 41
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Supplementary Table 7. Mutations in mitochondrially encoded complex I genes (subunits

ND2-ND6) associated with human diseases. The most common disease associated mutations

are in bold. Abbreviations: LHON - Leber Hereditary Optic Neuropathy; MELAS -

Mitochondrial Encephalopathy, Lactic Acidosis and Stroke-like episodes; HB — hydrogen

bond.
Subunit Human . Effect on
mutation: E. coli E. coli . complex I: Refe-
. . . structural Human disease
Human | Amino acid | residue location H — human, rence
(E. coli) | (Nucleotide) E—E. coli
ND3 Ser45Pro Gly58 | T™M1-2 multiple neuro- | H: reduced activity | 78, 79
(NuoA) | (T10191C) loop, not in | degenerative
structure, symptoms
Ser34Pro Asn47 | interface mitochondrial H: reduced activity | 79
(T10158C) with NuoD | encephalopathy
ND6 Ile26Met Val26 surface, LHON H: severe cxI 80
(NuoJ) | (T14596A) possibly deficiency
near Q-site
Gly36Ser Leu36 | near LHON, NA 81
(C14568T) channel 4 secondary
mutation
Tyr59Cys Tyr59 | TM3, LHON E: 57-93% activity | 40,
(C14498T) channel 4, 81,41
interface
with NuoK
Leu60Ser Ala60 TM3, near LHON NA 82
(A14495G) channel 4
Met64Val Met64 | TM3, near LHON H: increased 40, 83
(T14484C) channel 4 inhibitor sensitivity
E: 78-89% activity
Met64lle E: 100% activity 40, 84
(C14482A)
(C14482G)
Ala72Val Met72 | TM3, LHON / Leigh | H: cxI deficiency 85
(G14459A) interface to | disease /
NuoA/H dystonia
Ala74Val Leu74 | TM3,near | MELAS H: reduced activity | 86
(G14453A) surface
Pro25Leu Pro25 | N-terminus | LHON/ H: cxI deficiency 87
(G14600A) of TM2 MELAS
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Supplementary Table 7, continuation.

AN TANE N SUPPLEMENTARY INFORMATION

Subunit Human E. coli E. coli Human disease Effect on Refe-
mutation: | residue | structural complex I: rence
Human | Amino acid location H — human,
(E. coli) | (Nucleotide) E—E. coli
ND5 Phel24Leu | Phel23 | near Leigh disease H: cxI deficiency | 88
(NuoL) | (T12706C) channel 1
Glul45Gly | Glul44 | channel 1/ | MELAS NA 89
(A12770G) interface
with NuoM
Met237Leu | Met243 | TM7b, MELAS /LHON | NA 89
(A13045C) interior / Leigh disease
Ala458Thr | Ile462 | lipid-facing | LHON NA 90
(A13708G) surface
Asn505His | Trp512 | TM15- MELAS, NA 91
(A13849C) TM13 HB secondary
Asp393Asn | Asp400 | channel 2/ | Leigh disease H: normal activity | 92,
(G13513A) surface E: 90% activity, 93,
70% pumping 94,27
Val243lle Val249 | TMS, mitochondrial H: normal 87
(G13063A) interior disorder assembly,
reduced activity
Ala236Thr | Ala242 | TM7b, LHON NA 95
(G13042A) interior
Alal71Val | Alal70 | near LHON NA 96
(A12848T) channel 1
Ser250Cys | Ala256 | TMS, MELAS / Leigh | H: cxI deficiency | 97
(A13084T) interior disease
ND4 Arg340His | Arg369 | surface, HB | LHON H: resistance to 76,
(NuoM) | (G11778A) to TM7b rotenone 98, 99
E: 63% activity,
rotenone and UQ-
binding affected
ND2 Gly259Ser | Gly391 | near LHON, E: 90% activity 90, 28
(NuoN) | (A5244G) channel 2 secondary
Asnl50Asp | 11e269 | near \/TM16 | LHON NA 100
(A4917G)
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Supplementary Table 8. Mutations in subunits A, D and C of Mrp antiporters.

. Sub- . E. coli Growth in |  Antiport Refe-
Organism unit Mutation residue Expressed high NaCl actifo)ity rence
Bacillus | MrpD D75A + +/- <25% 101
subtilis D75E mD84 + + 87% 101

D75N + + 97% 101
D128A + -/+ 10% 101
DI28E | mDI135 + + 81% 101
D128N + + 100% 101
E137A + - 7% 101,102
E137D | mE144 + + 48% 101
E137Q + - 0% 101
MrpA D50E + +/- 40% 101, 102
D50A D82 + + 0-60% 102
D50N + + 56% 101, 102
D103A + +/- 20-60% 102
DI03E | D134 + -/+ 64% 101, 102
D103N + + 76% 101, 102
E113A + - 0-30% 102
E113D LE144 + -/+ 60% 101, 102
E113Q + - 20% 101, 102
E657A + - <20% 102
E657D | LN537 + + 100% 101, 102
E657Q + -/+ 48% 101, 102
D743A | Outside + - NA 101, 102
D743E align- + + 120% 101, 102
D743N | ment + - 16% 101, 102
E747A | oOutside + - NA 101, 102
E747D align- + -/+ 36% 101, 102
E747Q ment + - 4% 101, 102
Bacillus | MrpA | E140A LE144 + - 10% 26
pseudo- K223A | (K229 + - 3% 26
firmus K299A | (K305 - - 10% 26
G392R | G382 + - 8% 26
H230K | 1Q236 |+ S| e |26
20%,
H700A + + hNaK.." 26
H700K | (V550 |+ + hg‘gg;l* 26
70%,
H700W + + hNakK.." 26
Y136A | LY140 + + 100% 26

* hNaK,, - high K., for Na"
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Supplementary Table 8, continuation

AN TANE N SUPPLEMENTARY INFORMATION

. Sub- . E. coli Growth in . .. Refe-
Organism unit Mutation residue Expressed high NaCl Antiport activity rence
H230A Q236 + + 100% 26
W232A | LW238 + + 100% 26
Y258A LY264 + + 100% 26
MrpA MH34sa | H334 N n 100% 26
G392A 1.G382 + + 100% 26
F405A LF396 + + 100% 26
F135A mE 142 + + 100% 26
F136T + + 80% 26
F136G + +/- 40%, hNaK,, | 26
MW143
Bacillus F136A + + 80% 26
pseudo- F136E + + 80% 26
firmus | MpD T304 n _ 2% 26
No
E137Q mE144 arowth NA NA 26
E137D + +/- 100%, hNaKy, | 26
K219A | K234 + - 2% 26
W228A | yW243 + + 90% 26
Q70A KY62 + + 80% 26
G821 kS74 + + 50% 26
MpC T r7sa ™ | cS67 n i 100% 26
G&2P kS74 + + 90% 26
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Supplementary Figure 1. Electron density of E. coli complex I membrane domain.

a, Anomalous difference density map calculated using structure factors (from 20 to 3.5 A
resolution) collected at Se peak wavelength and weighted phases from the final model,
shown at the level of 4 o. b, Experimental map after multi-crystal (four datasets) density
averaging and modification, contoured at 1 o and overlaid on the final model. ¢, The same
map displayed around the model of helix HL and surface representation of the rest of the
model. d, Example of 2Fo-Fc map, contoured at 1.5 o. e, Examples of 2Fo-Fc density
corresponding to aliphatic lipid chains and a cymal-7 detergent molecule (indicated by an
arrow), shown at 0.8 o over the surface of protein. Helix HL is shown in cartoon
representation. f, Examples of 2Fo-Fc (blue, contoured at 0.9 o) and Fo-Fc (green,
contoured at 2.7 o) omit density around water molecules (red spheres). For density

calculations, the structure was refined and density calculated without water molecules.
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Supplementary Figure 2. Crystal packing of E. coli complex I membrane domain in
space group P1. Projections along crystallographic axes a (a) and b (b). Close view of
crystallographic contacts between solvent exposed loops (¢) and membrane embedded

TM16 of NuoL (d). No protein-protein contacts are observed along axis a.
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Supplementary Figure 3. Conservation of amino acid residues within the membrane
domain of complex I (subunits NuoLMNAJK). Conservation degree decreases from blue
(most conserved) to red (least conserved). a, View from the cytoplasm into membrane.
Points of contact between helix HL and the main body of the domain are indicated by
arrows. Highly conserved TM3 of NuolJ is indicated. b, Side view, similar to main text
Figure 1a. The conservation degree was calculated using ConSurf server'® and structure-
based alignments of 30 sequences of complex I subunits from organisms representative of

all kingdoms of life (Supplementary Fig. 7).
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Supplementary Figure 4. Surface charge distribution of E. coli complex I membrane
domain. a, View from the cytosol, b, Side view, cytosolic side up, ¢, View from the
periplasm. Protein surface is shown coloured red for negative, white for neutral and blue
for positive surface charges. d, Side view, periplasmic side up, with surface residues
coloured according to the Eisenberg hydrophobicity scale'® from white (hydrophobic) to
red (hydrophilic). Surface-exposed Tyr and Trp residues are shown in green. The expected
position of the lipid bilayer is indicated by black lines.

WWW.NATURE.COM/NATURE | 30



doi:10.1038/nature10330 AT B SUPPLEMENTARY INFORMATION

T Zar>. .
z - X u

P COFe P
‘ #' S @& N\l

Supplementary Figure 5. Overlay of the 14 conserved helices of three antiporter-like
subunits. a, Side view, cytoplasmic side up, centred on TM12. b, Side view centred on
TM7. ¢, View from the cytoplasm into the membrane, with TM helices numbered.
Coloured blue to red from N to C terminus. Essential charged residues are shown as sticks
(GluTMS and LysTM7 from channel one, GluTM12 from channel two and connecting

vLys*® from TMB8). Conserved prolines from intra-helical loops are also shown.
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Supplementary Figure 6. Fold of subunits NuoK (a), NuoJ (b) and NuoA (c). Each
subunit is highlighted in cartoon representation, coloured blue to red from N to C
terminus, with TM helices numbered. Other subunits are shown as ribbons of the
same colour as in Fig. 1. View in the membrane plane, cytoplasmic side up, from the

interface with the hydrophilic domain. Conserved essential residues are shown as

sticks (KGlu3 6, «Glu’? and JTyr59).
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LU S U U U Ul U LU U U Ul U S LU U U U U N W e

E.coli_Nuol/1-613 82 BGLSLTMLSVVTGVGFL IHMYASWYMRGEEG -YSREFAYTNLF IASMVVLVL DNLLLMYLG vGLCSYL IFVVTD-~-~PKNGA AM16&
Ecoli_NuoM/1-509 84 POLSLLMVVLTGLLGVLAVLCSWKEIEKY - - -QGFEHLNLMWILGGV IGVFLAIDMFLFFFF MLVPMYFLIALWGHKASDGKTRITAATI72
E.coli_NuoN/1-485 70 BGF AMLYTGLVLLASLATCTFAYPWLEGYNDNKDEEYLLVL IAALGGILLANANHLASLFLGIBEILISLPLFG VlYAFRQKR----SLE S 1157
*
W VULV L U U ¢

E.coli_Nuol/1-613 169 AFVVTRVGDVFLAF LFILYNELGTLNFREMVELAPAHFADGN - NMLMWATLMLLG.AVG SAQI.“LQT AM A TPV HAATMZSS
E.coli_NuoM/1-509 173 FFlYTQASGLVMLI ILALVFVHVNATGVWTFNYEELLNTPMSSGVEYLLMLGFFIAFAV PVV 'L HG LP AHSQ TAG VD AG | -L263

E.coli_NuoN/1-485 158 MYTILSAAASSFLLF ALVVAQSGDLSFVALGKNLGDGMLNE -PLLLAGFGLMIV.LGF LSLVPFHL vVYQG APV ATA-S5246
™8 TM10 M
S_M_» - [ 4 - LW ‘ . . . ' . ‘ ‘
WYYV L% W N W
Ecoli_Nuol/1-613 259 VTAGVYL 1A THGLFLMTPEVLHLVGIV AVT LLAGFA 'M ----- AWDA AIFHLMTHAFFKA}‘!
Ecoli_NuoM/1-509 264 LKTAAYGLL FSLPLFPNASAEFAPIAMWL VIG AWM FA Sv FVLI Y'IGS -QLAYQGAVIQMIAHGLSAA3S3
E.coli_NuoN/1-485 247 KIAIFGVVMBILFLYAPVGDSEAIRVVLAI I AFAS NI.M 1$’ LLV IALQTGEMSMEAVGVYLAGYLFSSL338
- ;rM.‘|1. - .TM12.a » ‘TM.‘I22 » . - QTMQ.I3. Y 4
LG Gy WUV \\\\\ WUV

Ecoli_Nuol/1-613 344 LLELASGSVILACHH- -EQNIFKMG RKSIPLVYLCFLVGGAALSAL
Ecoli_NuoM/1-509 354 GLEILCGQLYERIH---TRDMRMMG SKMKWLFALSLFFAVATL‘M
9 1

FSKDEIEAGAMANGHIN VAGLVGAFMTSLMTFRMI433
VGEFMILFGSFQVV -PVIETVISTFGLVFASVMSL AML 440
E.coli_NuoN/1-485 339 VVSLMSSPYRGPDADSLFSYR FWHRP ILAAVMTVMMLSL A - M| LG IGKFVV AVGVQAHLWWEVGAVVVGSAIGLYMYLRVA49

T™M13 TM14

.‘ .“‘.‘.‘Q‘
Ecoli_Nuol/1-613 434 F IVFHGKEQ I HAHAV - - - - - KGVTHSLPIVLLILSTFVGALlVPPLOGVLPQTTELAHGSMLYLEIYSGVVAVVGILLAAWLWLGKRTLVTSZU
Ecoli_NuoM/1-509 441 HRAYFGKAKSQIASQEL -PGMSLRELFM LLVVLLVLLGFYPQP ILDTSHSAIGNIQQWFVNSVTTTRP -« =« cvvvmecnanannnnnn 509
Ecoli_NuoN/1-485 430 VSLYLHAPEQPGRDAPSNWQYSAGG IVV S ABIENIL VEGVWPQPL IS IVRLAMPLM -~ -+ v v ccecerccccesrerersrrsrencoscons 485

Supplementary Figure 7. Structure-based alignment of E. coli complex I subunits NuoL,
M and N. The C-terminus of NuoL is omitted. Helices and 3-strands are indicated, with
TM helices labelled. The residues are coloured by conservation in Jalview'®, using
Clustalx colour scheme. GluTMS, LysTM7 and Lys/GluTM12 are indicated by the

asterisks.
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Supplementary Figure 8. Structure-based alignment of complex I subunits NuoL/M/N/A/J/K,
using 30 representatives from all kingdoms of life. Helices and p-strands are indicated, with

TM helices labelled. The residues are coloured by conservation in Jalview'®

, using Clustalx

colour scheme. In subunits NuoL/M/N, GluTMS5, LysTM7 and Lys/GluTM 12 are indicated by
the asterisks. Note that sequences in worms (three last sequences in the alignment) show many

deviations, e.g. lacking conserved NGlu'® , «Glu’? and JTyr59

a) Subunit NuoK.

™3

.‘.‘D‘Q‘.‘.\ .‘.‘.‘.‘l‘l‘."

Ecoli Voo ~-MIPLOHGLILAAILFVLGLTGLVIRR -NLLFMLIGLEIMINASALAFVVAGSYWGQTDGQVMY ILAISLAAAEASI tl‘llQLN‘ﬂ‘QNLNIDSVSEMRGIM
Kpneumoniae 1--- < MIPLTHGLILAAILFVLGLTGLVIRR -NLLFMLESLEIMINAAALAFVVAGSYWGQADGQIMYILAISLAAAEASIGLALLLQLHRRRQNLNIDSVSELRG 100
T.thermophilus 1ee- MSYLLTSALLFALGVYGVLTRR -TAILVFLSIBLMLNAANLSLVGFARAYG-LDGQVAALMVIAVAAAEVAV '} LIVAIFI.NI[S'AVDDI.SELRGOS
Duradiodurans LI MPEMVPTSYYLALSGVLFALGLIGVMTRR -TAILIF LMLNAAN I ALVAFARSWGDLMGQTAVF I VMTLAAAEVAI
Rmatinus | R “MEITLNWYLALGVVLFALGVLGVLFRR - NAIVILaSV LMLNAVNLTLVALSQAMGDVSGQVLVFFVISVAAAEAAY
Aseclicus 1--- MEKTIPLEAFLTVSMILFGLGLIG! | ARR - NLVYVLgsl LALNAVNI ALVGADHY LGLAEGQIFALFI I ALAATEAAV
M.tuberculosis 1+ “MNPANYLYLSVLLFTIGASGVLLRR -NAIVMF VELMLNAVNLAFVTFARMHGHLDAQMI AFFTMVVAACEVVY
Scoelicolor 1. -~MN9VNVLVLAALLFTIGATGVLIﬁﬂ-NAIVVF ITBLMLNACNLAFVAFSRMHGNLDGQ I I AFFTMVVAAAEVVY
P.denitrificans T eoe < MIGLTHYLVVGAILFVTGIFGIFVNRKNVIVILMSIBLMLLAVNINFVAFSTHLGDLAGQVFTMFVLTVAAAEAAI
Rcapsulatus 1 --- “MTIGLEHYLAVAAILFVTGIFGIFVNRKNVIVILMSIBLMLLAVNINMVAFSTHLGDLVGQVFTMFVLTVAAAEAAL
Rprowazekii T MLEKILNMNEY ISLNHYLILSSLVFTIGMFGLFMNRKNI INIL Sl LMLLAVNINFVAFSVYMQELSGQIFSIIILTVAAAETAI
Creinhardtil 1ne I.AI\SVVIEGEIFGYYFMVY'NMMKWAGIVGAVA(RRNLIIlL ’SA VMLACNMNFLFTAAYLNDITGAIMSITITTIAACETAI
Nerassa 1 seeee MNI’IL'LFLIGILGFVLNRKNIlL“l.“Sl IMLLAITFLILVSSLNMODI IGQTYAIY I IVVAGAESAI
Ylipolytica LR ceee “MFIGTIILVLSFLGFVFNRRN | ILAFICLETMLLGINLILLANSVLFODISGSLFAIVIIILAGVESAI
P.pastoris 1ee- ceee ~«-MDLILLMLVAVGLNIID----- IYIMIBILIMGCTVNT IYSASLONDMIGLIYSLIQI I IAGVESAL
Athaliana 1--- ---MDLlKVFYFSMlI‘llGIWGILlNRRNILIMLQSI LMLLAVNSNFLVFSVSLODMMGQVFALLVLTVAARAESAI
B.vulgaris 1o <+ MDSIKYFTFSMIIFILGIWGILLNRRNILIMLMSIBLMLLAVNLNFLVFSVSLDDMMGQLFALLVLTVAAAESAL
Ntabacum 1 een . MD?IKVFVFSM!lSlSGIRGILLNRﬁNIPIMSi SMLLAVNSNFLVFSVSSODMMGQSFASLVPTVAAAESAI
Taestivum | B <+« -TDPIKYFTFSMIISILGIRGILLNRRNILIMS SMLLAVNLNFLVFSVSLODMMGQSFASLVPTVAAAESAI
Klaevis 1+-- MYLI“fS'CSAFILGLTGLALNISPILSILE(I. ullMSMDGIVlTPLNL'IVLSSMMLVIMLPF!APEAA’
Ggallus 1--- MSPLHFSFYSAFTFSSLGLAFHRTHLISALLCLESMMLSMF I PLSIWPVENQTPSFALVPILMLAFSACEAGT
Sscrofa LI e s sMPLVYMNI IMAFTIALAGLLMYRSHLMSSLECE MMLSLFIMSTLIVLNTHFTLANMMPI ILLVFAACEAAL
B.taurus LI MSMVYMNIMMAFTVSLYGLLMYRSHLMSSLECL MMLSLFVMAALTILNSHFTLASMMPI ILLVFAACEAAL
Hasapiens | R MPLIYMNIMLAFTISLLGMLVYRSHLMSSLECL MMLSLFIMATLMTLNTHSLLANIVPIAMLVFAACEAAY
Aaurits 1+-- - MGIKSLTTYSFLLFILGILGISINRTNLILLLMSVEBLMLLSTSLLFMAGASFYDLILGQVFTIFIFTVAAAESAL
D.melanogaster 1--- < MIMILYWSLPMILFILGLFCFVSNRKHLLSMLESLEF I VLMLFFMLFIYLNMLN - -YESYFSMMFLTFSVCEGAL
Apisum LI e s MNLFILVVMFMLFSGVLFY I FNFNHLLMMLEGL LlLllleFLMNLMMF-~IKQVIlllVFFI':»ls§$Vl
Celegans 1een :Sl. FMMLSLFLKFSYV. ... LGEMMFFYFMCFESVISSIL
Concophora V- L ALBIFLMMSLFVSFMNN - - - - - -« IVEMMFFYFMCFSVISS IV
T.spiealis 1--- --MV(VLV'VVGLIKIVFS[KSIIVlLﬁS LLSLALMCLCWGCYWVYG - - - - - -« - VWFLMVMVVHS VI LVLLWVIIVFGGDK\IGSFV~---!l

b) Subunit NuoA.
™I

AUV UTUTUTUUL

Ecoli 1 MSMSTSTEVI AHHWAFAIFLIVAIGLCCLMLVGGWFLGGRARA - - «ARLR 63
Kpneumoniae 1 e MRMSTSTEVI AHHWAFAIFLITAIGLCCLMLVGGWY LGGR AR A ««ARLR 63
Tthermophilus 1 MAP IQEYVGTLIYVGVALFIGVAALLVGALLGPKKPG «+«VK-R 56
Dradiodurans |MSV\.QIRlTFDRlS‘FAVVRAS‘NELSQERERLESGGRKTlVQVANFI.IMLLVG|GIG|LAIVVSGI.LGPIKAT -GTGQR 97
Rmarinus 1 - “.e. ~+«-~MLTDFLPLFIMIVLAAGLAFSLLKLAEILGPHRPN -+-ARER 5§
Aacolicus 1- MEY IALGIGLLVALLIALGQAFVNDILGTRKRD ~EARGT 54
Mituberculosis 1 - -~MI.KV'V'AﬁSPG$$aQVGNHPAAAlAA’VDGsWs‘LNVVIFIlVlAALAAAFAVVSVVIAslVG?sRFN IEPASTGARTSIGPGAASGQR 100
S.coelicolor 1 - - cene “eaa «««+MNAYAPILVLGALGAGFAIFSVVMATLIGPKRYN - AGGGR 56
P.denitrificans 1 - ... ... SMEYLLQEYLPILVFLGMASALAIVLILAAAVIAVRNPD - - ARMK 58
Reapsulatus 1 - R « - -MQDALTHGMLREYLPILVLLAMAIGLALILIPPAAIIAYRNPD -« ARMK 63
Rprowazels 1 fesssssssrssss s e n e MLONSELLQEYLPIAIFFGIAVLLSVLIMILPNLLSTKKYN - - ~ARSK 61
Caeinhardtit 124 PMOQ$VNGVNAW§9AQRVFV(G(’NVV'A(Asﬁ'FOFfﬁLDsGS'V’VVIAVVIATAlS'VFIVAFLVIA?SRVD-v - <« ARQT 217
Ncrassa_NO3 1 MRSMTLFILFVSITALLFLLINLVFAPHIPY «~TRFP 5
Ylipolytica 1 MNTFIIFIITLIPIVGFALLAVNILLAVYKPY -« - -«TRLA SV
P.pastoris 1 MLODLFNNVVILVGILGLlFLGVNVVIVESPRMDENNGNISDV ~+SHNP 63
Athalana 1 - SMMLEFAPIFIYLVISLLVSLILLGVPFLFASNSSTY -« ~ARSR 56
Bwuigaris 1 S MLEFAPICIYLVISLLVSLILLGVPFLFSSNTSTY - -« ««ARSR 55
Nitabacum 1 “c s sMSEFAPICIYLVISPLVSLLPLGLPFLFSSNSSTY - -~ARSR 55
T.aestivum 1 «««-MLEFAPICIYLVISLLVSLILLGVPFLFASNSSTY - -+-ARSR 5§
Kisevis 1 . SMTATILMIAMTLSTILAILSFWLPQMTPD ~~MRLP &
Gagallus 1. MN‘L'FMLSLSFLLSAAIYYMNFWLAQMAPD ~ARLP 51
Sscrofa 1 - - MNIMLTLFTNVTLASLLVYLIAFWLPQLNTY ««ARLP 50
Braurus 1 ... MNLMLALLTNFTLATLLVI I AFWLPQLNVY --~ARLP 50
Hsapiens 1 ... SMNFALILMINTLLALLLMIITFWLPQLNGY --ARVP S0
Aaurita 1 eMISITFQEVTIILVLSLLLSTVIGVASYVLGDTSPD ~PGNP 56
D.metanogaster 1 cew s sMFSTIFIALLILLITTIVMFLASILSKKALID . ««SRLP S2
Apisum L I e MMMUNL I SMLMMIE T ELMILFLIMILINMKMKFN ~«SRIPS53
Celegans 1 ... MLVLLMVLVFTLVLLFAFYLINFLLS I KDMG -« 1QNS 51
Concophora ] srvsrrsrrsrrssrsrrrsrsrrsrssrssrsrrrsrrrrsrrarens MVVLFCVVLITLVLLVLLYVLSFVISMKKSE - -VONS 51
Taspiralis 1 SMSPMIMFFYLIFFGLIVTLLMILLRSILSMSYLN- - “RLP 52
TM2
AUV WVL MUV
Excoll ﬂLSAK‘VLVAu"vlF ALYLFAWSTSIRE - - SGWVGFVEAAIFIFVLLAGLVYLVRIGALDWTPARSRRERMNPETNS | ANRQR - - 147
L¥ MlSAKFVlVA“fFVIF ALY LYAWSTSIRE - - SGWVGFVEAAIFILVLLAGLVYLVR IGALDWTPARSRRTLVNPETDSPTNRHMQ - 148
T.thermophilus 57 fPVNFVVVAHlFIl’ VAFLWPY AVS AGG - - LGLYGFLGVLAFTLLLFVGFLYEWWKGVMRWH - - - - - - ns
D.radiodurans NFPVN‘VI.VA“}F"V‘ TAFFYPLAVAYQK - - LPQFAFFEALTEVLLLLVGYVYVLEKKKVLEWA - 16C
Rmarinus S6YTVKFYLVAMIFIVF IVFLYPWAVSYRDFLEAGAGLGVLAVVVFFELI ILAVGLLYDIKKGGLEFD -« -« v v s v vvvnscnnnassonassnnnssssns 123
Asechicus 55 FKQGYYLLGLLLILF AAY LFPWAVVFEE - - IGIYGLIEVIVFEVGILTLGFIYAWRKGALNWEM B ne
Mruberculosis o FPIKVYLTAHL'I_,VF IVFLYPWAVSYDS - - LGTFALVEMAIFMLTVFVAY AY VWRRGGL TWD - ceeeen 163
Scoelicolor 57 FPIK'VLTAHLF_ IVFLYPWAVTFDA- - LGIFGLVEMLLFEVLTVFVAYAYVWRRGGLEWD - e ns
P denitrificans ”fDVRFVlVSI‘LF]"I‘ VAFLFPWAVSFAS -« LSOVAFWGMMVFELAVLTIVGFAYEWKKGALEWA -« « v« s s v s v s s snsssnssssssssssssssns iFi]
Reapsulatus 64 FOVRFEYLVSILFIIS VAFLFPWAVAFGD - - MSMTAFWSMMVFLSVLTVGFAY EWKKGALEWA - - -« - B . 12¢
Rprowazekii 62 FOIRFYLVAILFIIF IAFLVPWAISLNT - - IGKMGFFSMMFFLFVLIIGFIYEWTKGALDW- - e 123
Creinhardril N8 FSVSFYLVSIMYLLF IAYLFPY AMTHAS - - “LPMYWTMNLFLAILVAGFAYEWGMGALEWRE ceeeen 275
N.crassa_ND3 s2 fDSPlAAQA!,(FvIL I FTMFPYVGSLGIN - TFYSLVVILGFMFVVSAGFVFELGKGALKIDSKQNMGGDSTHLELKNLKDISSLNLCPPSAFKN 147
Ylipolytica 52 FNAAFILVAILFLPF ISTLLPYVMSIYL -~ VSNYGFTIVLLFLLILIIGFVYEINTNALKINKHNKPNTOSLIYKL -« 12¢
P pastoris. 64 IPIAFILVALLFLPF VSSMLPY IVSIYS -« -VGIYGLIITFILFLLILIVGFIYEFNTKSLSITTILHKKNKALVENLY -« 141
Athaliana 57 fDIR'VlVS!‘l'llV VIFFFPWAVSLNK- - IDLFGFWSMMAFLFILTIGFLYEWKRGALDWE ns
Bovuigaris SGFDIRFVLVSI}LF!IF VTFFFPWAVSLNK- - IDLFGFWSMMAFLLILTIGFLYEWKRGALDWE - e
N.tabacum S&FDIR'VLVS'ILFlllP VTFSFPWAVPPNK - - IDPFGSWSMMAFLLILTIGSLYEWKRGASDRE 1ne
Taestivum % FDIRFYLVSILFIIF VTFFFPWAVSLNK - - ~IDLFGFWSMMAFLLILTIGFLYEWKRGALDWE 1ne
Xlaevis S0 FSMRFFLIAILFLLF IALLLPFPWAAQLN - TPSIVILWAALILTLLTLGLIYEWLQGGL EWAE n4
Ggabus 52 ‘SlR‘FlVAl‘l'!.l.‘ ITALLLPLPWAIQLA- HPMMTLTWATTIIALLTFGLIYEWTQGGL EWAE ne
Sscrofs S FSMKFFLVAITFELF IALLLPLPWASQTN - -« -NLKTMLTMALFLLTLLAASLAYEWTQKGLEWTE ns
B.tavrus S|FSMKFFLVAIYFI.I.F ITALLLPLPWASQT « « - -ANLNTMLTMALFLIILLAVSLAYEWTQKGLEWTEYGT - - 1e
Hsaplens SIFSMK'FLVA!'F..I.‘ IALLLPLPWALQTT « -« -NLPLMVMSSLLLI I ILALSLAYEWLQKGLDWTE ns
Aaurita 57T ISIRFFLIGILFLVF ISLLLPWSVSSHL - « ISLPGIWLIFIFVFILTWGLLYEWIKGGLEWE - - - « - « ns
D.melanogaster SJFSLR'FL|7!lF!.IF TALILPMI I IMKYS - NIMIWTITSIIFILILLIGLYHEWNQGMLNWSN - - - - - m
Apisum S‘iSlNFVlIA‘llFl"lF ISIILPMIMNFKIS - NMFYFNIMFMIFFIFMITTIFYEWKFGSLNWK] « -« -« 1ne
Celegans 52 FSIN‘FIMM!.MFV!F IVMFLGILVSDLS -« s SYISFLMMFIFILGGFYMEWWYGKLVWYVI « -« -« m
Concophora $)F$IHFFVIML§MFVIF IVMFLGLVLSDFS - - ~AFVGFFMLMFFIMMGFYMEWWYGKLIWVIY -« -« ni
Tspiralis 53 fSINfFMVSLvaL‘ TIILIAY I PNMTS - - LTLLSY I TAMSFLLFMLLSLMLEWALGKLSWIF - -« ne
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¢) Subunit Nuol.
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Ecoli 1 “MEFAFYICGLIAILATLRVITHTNPVHALLYLIISLLAISGVFFSLGAYFAGALE I 1¥) IMVLFVEVVMMLNLGGSE IEQERQWLKPQVWIGPAILSA I ML 104
Kpneumonise M- “MEFAFYICGLIAILATLRVVTHTNPVHALLY LI ISLLAIAGVFFSLGAYFAGALE 1 IMVLEVEVVMMLNLGGSE IEQERKWLQPG IWIGPAILSAVLL 104
T.thermophilus. 1 “MSLLEGLALFLLLLSGVLVVTLRNATHAALALILNFLVLAGVYVALDARFLGF IQV I IVVLFLFV IMLLFAAQGE IGFDPLVRSRPLAALLALGVAGIL 104
Diadiodurans 1 “MMLAF LLLGALAIAGG | LTVAAKNAVHAALGLVGTLICVAGLFASMNASF LAATQV | IMVLFLFVIMLLGASQP | TARDP LPFVGP LGA | AALLLAGGF 104
Rmarinus 1 “MIAQLLFFLLAVTAIAAALGMLIARNPVSSALWLYLNLFCIAGLYLTLQASFLGY 1QVLIYAGAIMYLFLFV IMLLNLEALPHPRQIDWGKY LAFVV TMIVLAQLY 106
Aaeolicus 1 MEWL IFF I LGAWL | ISALGTVLAKNP |HVMLFF LSS LLAMAGLF LSLGAELLAGLQL IVVFYVLAITTIP - -WEK IKRFEGVYKTE ILTASPILLVLFL 103
Miuberculosis 1 - -MTAVLASDV IVRTS TGEAVMFWVLSALALLGAVGYVLAVNAVYSAME LAMTMI | LAVF YMAQDALF LGVVQVVVY TGAVMMLE LFVLML I GVDSAES LKE TLRGQRVAAVLTGVGFGVLL 120
Sicoelicolor uasnm.uunsmrs TGEAVQFWILGTVAV IGALCTVF MKKAVHSALCLAGTMIVLAVFY LANGAYF LG IVQIVVY TGAIMMLF LFVVMLVGY TAADS LKE TIKGQRWLALLSGLGFGILL 122
P denitrificans 1 MTFAFYLFAISACVAGEFMVV I GRNPVHSY LWL I LAF LSAAGUVLQGAEFVAMLLVV%:VG AVLF LFVVMMLDVDF AE LKGE LARY LPLALV IGVVLLAQLG 104
Reapsulatus 1 < <MTVFVFAFYLFAVVAVVAGLMVVLSKNPVHAVLWLILTF LSAAGLFVLMGAEFVAMLL | I VYVGAVAV LF LFVVMMLD | DF AALRGQLVRYAPVGGL IALVMLAQLA 107
Rprowazekil 1 : . ce e sMPIFFYLFTTLIIISSLCVVLSKNSVYSVLWLIF TF INGSGLMILLGAEF LAMLL IVIYVGAVAVLE LEV IMMLD INFNQA I TKLRENLSLS IF I TLIMFADLY 104
Caeinhardtii L e MFFENSAILLCALLS IAVGY TKSPFMS LMYSVMLF INSSFVLMMLGFEF LALVNLLYYVGALAVLE LFV IMLLE IPATELRAYSRGWS TLGIFVF 1 INGVFQI 103
Nrassa 1 MNS LF LINESFTNGY ISSVLDIISILAIFCGISVIVNKNP I ISVLFLIGLFASVSSYLILLGLSF IGLAYLI IS ILFLFILMLINIRISELQSNTNNS IPLTIILGISLSYSLF 19
Ylipolytica 1 -- SMMYLTYYFIEITIFLAILCTIF I ISAKNPMVS I LYMIALFV IAAMYLYLIGLGIFSLLY IMIY IGRIAVLFLF I ITLLDINSTELSVKSNIRDLPLVLISLIVLTISG 108
P.pastoris B oomemmm s MNLE ILDLS ILGFYSLISSNSFESIAILVATIMPY | TELWYNYSQLFALLY TLAYVGAVV I LFVF I LSV INEKEEYEYEYSGLF ILILVLLLDDLDDNES 100
Athaliana 1 < +MILSVLSS LALVSGLMVVRAKNPVHSVLFF ILVFCOTSGLLLLLGLDFFAMIFLY LAVLELEVVMMEHIQIAE IHEEVLRYLPVSGI IGL | FWWEMF 102
Bvulgaris 1- “MILSVLSSLALVSGLMVVRAKNPVHSVLFF ILVFCNTSGLLLLLGLDFFAMIF LV IAVLELEVVMMEHIQIAE IHEEVLRY LPVSGI IGLIFWWEME 102
Natabacum 1 “MILSVLSSPALVSGLMVVRAKNPVHSVLFLIPVFRNTSGLLLLLGLDFFAMIFPVV TAVSFLEVVMMFEH I QI AE IHEEVLRYLPVSG | IGLLFWWEME 102
Taestivum 1 - -MRLLAPAFKFHFKGGRRTMILSVLSSPALVSGLMVVRAKNPVHSVLFP ILVFCDTSGLLILLGLDFSAMISPY IAVSFLEVVMMEN I QIAE THEEVLRYLPVSG I IGLIFWWEMF 120
Xlaevis 1 ALVVFAYSAARAKPYPEAWGSWSVVFYVLVY LIGVLVWY LF L 104
Guoallus 1 LVVFVYSVS LAADPYPEAWGOWRVVGYGLGF VLVVWMGVVL 104
Siscrofa 1 MLVVFGY TTAMATE MYPEVWVSNK TVF GAF VSGLMMEF CMVY 108
Braurus 1 IVEGY TTAMATEQYPE IWLSNKAVLGAFVTGLLMEFFMVY 105
H.sapiens 1 VVFGY TTAMA IEEYPEAWGSGVEVLVSVLVGLAMEVGLVL 104
Aaurita 1. IALLF IFVLMMLNLSSFEFDGNISS | IPLGITS ILGLITLII 102
Dmelanogaster 1- b LVLF IYVTSLASNEMENLSMKLTLFSSLILIFMLILSF IMD 103
Apisum 1 <MLK | IMLTNLIMA | I LTMMKSPISSNLIILIQTMTLTMMINL INKTAWISFMIF 1L MrlIFI.VISSIAFNELNINKNVKNMHKIIFMSI.MLYVFKW 102
Ceelegans 1 <« <MVKVFFVLAVLSS | ISY INIDPMKSSFFLIFSLLFSMPY ISMSMHIWFSYF ICLLFLSGIFVILVYFSSLSKINVVKSYMAVEFLLLLSMLYFSPTVLTYSS 100
Concophora 1 <« ~MLSFF XFVPLMGS LMSYMS LOPMKSSFFLIWSMLLLMPCXSFGVNIWFSYF ISX IFVILVYFSSLSSFSMKNVSLSFVVLF LS LMLMLMLRYYQVK 10
Tspialis 1 “~MIWILTFMMIMACLLELYLTHP LWISTLVFLLS 1 1 TAIHKFYSVHNNS MFGY LFVMIYSGGLL IMLTY ISSLTPS TTTNKLP 1K IMIMIP I TYLF TWTMTKHN 103
TM5

bl Tl 1 AFUIUTULTUVL
Ecoll 105 VVIVYA I LGV NDQGIDGTP ISAKAVGITLFGPY -VLAVE LASMLLAGLVVAF HVGREERAGE YV LSNRKDDS AKR 178
Kpneumoniae 105 VV IVYAILGI NDQG I DGAA INAKEVG IALFGPY -VLAVE LASMLELAGLVVAFHIGREERAGEVLSNRVNDSDKR 178
Tthermophilus 105 AAGLWGLDLAF T - QDLKGGLPQALGP LLYGOW- LFVLLAVGF LEMAATVVAVALVEPGKASRAKEAEKREEVAR 176
Oradiodurans 105 VTLALTYQDPRP - L - -AESVQALRGGAAGAVGE TLLTRF - LLPFEAVS ILELVAIVGSVTLVQRPVP QP DGV TDE TGAE LP 18]
Rmarinus 107 YVVALGLDVLP TFV - ATPEQAAVTGSAQALGRELLTRY - IMPLQV IGI LELAATIGAVMLAKRRF | == vvvvnvnnannn 170
Aseolicus 104 VMS Y MV | KGK FAEPSGVVKDNVEAVGRTLETSY -LFPFEVASV I BLVAMYGA | LLARKEE < =« =« vvvvnnennn 162
Miuberculosis 121 1S TIGQVATRG - -F - -AGLTVANANGNVEGLAAL IFSRY - LWAFELTSALEI TAAVGAMY LAHRERFERRK TQRE LSQERF 196
S coelicolor 123 1AGIGNASVS - -EF - TGLAQANANGNVEGIASLIF TKY -VFAFE | TGALE I TAAVGAMV L THRERTERAR TQRELSEQR | 198
Pdenitrificons 105 | AF SGWTPSDQAES - LRAAPVDAAVENTLGLGLVLYDRY -VLMF QLAGLVELVAMIGA IVLTMRHRKDVKRQNV LEQMNRD 183
Reapsulatus 108 TGLMVWNTADAANG - ~LRAAPAPEGVENTAALGMILYDRY - LY LFQGAGLVELVAMIGA ILLTLRHRTD IKRQNV LAQMHRD 186
R prowazekil 105 ITHILSTKNINYSSN ISFAIANNISNTKAIGNVLYTEF -MLPFQIAGL I BFVAMISCITLTLKKRDR I KHQDIRKQLSHN 183
Creinhardtii 108 TPSMGPRG | I TG e v nvrmesennnasncseaasansnsssnsnacsosncaanasennanns LPGAES | TNLGHALYLYF -ADLLILNSLVETVALFGRFAIAPVRTTGR « <« v cvvvnnn 162
Nerassa 120 QLLPYDIA I LSNFSSNINNNLYNLS MNKQNNGNFGINTTPAVS LQPKNNDLLFVTSK IWDGNLAESNH I TTIGNVMYSNY -5 IWLF LASF 1ELLAMYGS IV | IMKSNASWGGALPNTRE TKT 240
Ylipolytica 109 LMIYSNDS | LINKLLEAFGNDYN ~~TIITQOWFNIENTTLLTTIGNVLLTNN-AF ILLVLAIVELLG I LGP IS | TMKHKE -
P pastoris 101 NONDYNNVY | TD -« e ccenennn - ~YADWFNNYNESDLSVIGNLLFTEY -ALLLLIISFIHLMS | IGLILIVKKD -~
Athaliana 103 F I LDNES IPLLPTQRNTTSLRY - - ~TVYAGKVRSWTNLE TLGNLLY TYY -FVWF LVPS LI ELVAMIGA IVLTMHR TTKVKRQDVFRRNA ID 189
Buvulgaris msuonuwunonnnsmv-- “TVYAGKVRSWTNLETLGNLLYTYY -FVWFLVSSLIBLVAMIGAIVLTMHR TTKVKRQDVF RRNA I D 189
N.tabacum 103 F ILDNES |PLLP TQRNTTS LRY - - “TVYAGKVRSWTNLE TLGNLLY TYY -FVWF LVSSLIELVAMIGA IVLTMHR TTKVKRQDVFRRNALD 189
Taestivum 21 umnsrwunununsmu cee--TVYAGKVRSWTNLE TLGNLLYTYY -SVWFLVSS LI ELVAMIGA IVLTMHRTTKVKRQDVFRRNALD 207
Xlaevis 105 GGVEVDGMNKSS - - SELGSYVMRGOWYGVALMYS CWWVY | IVYWWYS BI INFVCGIWVNSKS MWESSCY - - - - -17a
Ggallus 105 GGLVDFWKVGVVYVD e GGGVSFARLDFSGVAVFYSCGVGLF LVAGWGELLALFVVLE LVRGLSRGAIRAV - - - - -7
Sscrofa 106 YALKEEEVE | IFKFNGLG -~ -DWVIYDTGDSGFFSEEAMGIAALYSYGTWLY IVTGWS EL I GVVV I ME | TRGN
Btaurus 106 YVLKDKEVEVVFEFNGLG < -DWVIYDTGDSGFFSEEAMGIAALYSYGTWLY IVTGWS HLIGVVV IME I TRGN - - -
H.sapiens 105 VKEYDGVVVVVNENSVG- ~SWMIYEGEGLGL IREDP | GAGALYDYGRWLVVY TGWTEFVGVY IV IE |ARGN - -
Adurita 103 GLEYSNINDPE VEEILIKELLDIQTIGFQLYNSY -APHLIVASL1ELVAMIGA | ILTLQPHLAAKRQDNF 1Q1 TRD 177
Dmelanogaster 104 KTSSS LF LMNN - - - - DMQS | INMNSYFMENS LS LNKLYNFPTNF I TILEMNY LLITLIVIVK | TKLFKGP IRMMS - - - - 174
Apisum 103 F NMENMNYEN “KFLFEDNFY LLNMEMMPNN - - | LIYMIME | EFFMLIL T IWMLK INKGP IRQKNN - - - - 164
Celegans LSGFYYS | YWF IFCF ILVCLEFFMNFSSYFLNFSGALRKY - - - - - -ovvon 144
Concophora LNVEYYSLYWIVLIYVILMUEIFMNFVSYF LNFSGALRKY <= vvvvnenne 145
T.spiralis 104 FNENYNYNELN - - - - LINMT IYLMSSPLINAV - - LTLLTTSFCRISSLESQFKYPIRSL-vsvorronnnnnn 156
Ecoll 19 KTEEHA - - - - 184
Kpneumoniae 179 KTEEHA - - - - - .- 184
TOWMOphIUS: wiom oo onmmnsesneeaesosss v v . . ” . o v o . I
Dradiodurans 182 PAPRAWRE GQSAPALNSEP LKERA - - -- 205
Rmarinus s
Aaeolicus
Mituberculosis 197 RPGGMPTPLPNPGVVARNNAVDVAALLPDGSVSE LSVPRMLR TRGADGLQTPSPGAVSGS LEGGAS 262
S.coelicolor 199 RDGKHLPP LPAPGVYARHNAVD IAGLLPDGTPSELTVSKTLRERGQIRDVSMEALGDLKALEQRAEDRLERKAVGPDNSKQSEEASK 285
Pdenitrificans 184 PAK TME LKDVKP GQGL 198
Reapsulatus 187 PAKALEMVDVKPGQGL 202
Rprowszekii 184 KSNV | LMTKP | LNKGVENIKYE - - 205
Cueinhardtii
Nerassa 243
Vlipolytica
P.pastoris
Athaliana 190 FRRTIMRRTTDPLTIY 208
B.vulgaris 190 FRRTIMKRTTDPLTIY 205
N.tabacum 190 SRRTIMRRTTOPLTTIRRSSGSNPHRE mrvwasmxcv 28
Taestivum 208 SRSHIMNRTISPFGHSHRRSFSSGAGGPPDNYKE TFKMVI 247
Xlaevis s.oe i
Ggallus
Sscrofa
Btaurus
Hsapiens
Aaurita 190
D.melanogaster
Apisum
Celegans
Concophora
Tspiralis
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™1 T™M2 T™M3
VU " PUUTUUTL | TUTUTUTUUTL i G |
Ecoli 1- MTITPONLIALLPLLIVGLTVVVVMLS ] AWRRNHFLNATLSVIGLNAALVSLWFVGQAGAMD - - VIPLMRVDGFAMLY 76
Kpneumoniae 1- MTITPQQLIALLPLLIVGLTVVVVMLS I AWRRNHFLNATLSVLGLNAALVSLWFVGQNGAMD - ~+----VTPLIRVDGY AMLY 76
T.thermophilus 1. ~<MTLAILAVFSVALTLLGFVLPPQGVKRATLLGLALALASLLLTWGKPFAFG- - cses ~PYAVDGVSQVF 62
D.radiodurans 1- MNLVLPOVSLAPMLPVLLVLVGAIVSTLGGFWLPRRTLTALNILFVLASGASLVWLWGGAPWAAG-M- DVPRSAFAGALRADPAALLL 86
Rmarinus 1- MDLLEAYRMLPADLWAAFPLVLTAVVGLVLVVWDAFWNDAPP I PWVAAGTLALALIWELGGLSR - ~APETAFYGLIRVGGMASFYV 8
Aaeolicus 1 - MNWNAILPEAILAIGILTVFILELFLERKHYKFLSVLAFIFVVLSGYSIFFVNYPAK- LFFDGFSVDALNLIG 72
Miuberculoss 1 MILPAPHVEYFLLAPMLIVFSVAVAGVLAEAFLPRRWRYGAQVTLALGGSAVALIAVIVVARSIH-G- ~SGHAAVLGAI AVDRATLFL 85
S.coelicolor lMSATAVMSI.W\'YAAYAADP!AKIDAPKIEVGOLSPVLIVLGAAIIGILVEAFVPRRSRVVAQMFVSAVALVAAFAAIVALAAGGVGT -TKAGIAAMGAVAVDGPALFL 107
P.denitrificans I rrvevrevecrcerecrcerenes MTSLDFSTILPEVVLAGY ALAALMAGAYLGKDRLARTLLWVTVAAFLVVAAMVGLGNHVDG -~~~ =+~~~ AAFHGMF IDDGFSRFA 77
Reapsulatus 1 < MTKAEFSLVLPEVLLAIYAMGVLLFGVWTGKDRVAKPILWASAVTMLALALIIGLGTGNDT - AFGGLF I ADGFARFS 76
Rprowazeki 1 MLLLLPEITLTLIALLGQCFALMIPNKNRIIYNIVILLCIISIFLTFKYSSYEG- - ~IWHSFATERNIGIS 68
Creinhardtii fesecsrrssrrcccrnccccccrrrrsrrccrcccvea MIELDLCFGLLLLILFGLLSLARNGHVSLAHIRFICQCWLVYMITP LEVQDFALC! 54
Nerassa TMIIMTILSLLLSNAVTLRRDISILFNRIVIIALIYCILHDTMSLS ! I SKGVGLHGGLLHITNITQVFQIFIFLISILILQLTSFOPIKKFY IMRHPRFINKWPRAIGYSI 110
Ylipolytica 144 MLILAIISLITFVSMSKLSDNRAITIRLINIYLILVLVLDOSFLYLLFLNNQTYTVMG- ««««ELLIFNSFTFYIDMLIY 73
P.pastoris. 1- MLFTSLLLITVYGSLVNKSHLLTKLINRLGLI I IYTLLIHLNINTLENLSIGINMFN- “NLLLINSFNNTIIELIL 7S
Acthaliana 1. “MKAEFVRILPHMFNLFLAVFPEIFIINATFILLIHGVVFSTSKKYDYPPLASNVGWLGLLSVLITLLLLAAGAPLLTIAHLFWNNLFRRDNFTYFC 9
Bvulgaris 1+~ ~~MFNLFLAVFPEIFLINATFILLIHGVIFSTSKKYDYPPLVSNVGWLGLLSVLITLLLLAAGAPLLTIAHLFWNNFFKRONFTYFC 85
N.tabacum 1-- ~~MFNLFLAVSPEIFIINATFILLIHGVVFSTSKKYDYPPLVSNVGWLGLLSVLITLLLLAAGAPLLTIAHLFWNNLFRRDONFTYFC 85
Taestivum 1-- ~-MFNLFLAVSPEIFIINATFILLIHGVVFSTSKKDDYPPLVSNVGWLGLLSVLITLLLLAAGAPLLTIAHLFWNNFFRRONFTYFC 85
Ggallus --
S.scrofa ..
Braurus .-
Hsaplens -
Aaurita 1
D.melanogaster ..
Apisum ..
Celegans ..
Concophora .-
Tspiralis ..
T™3 T™M4
(4 G G Gaa Gia G 0 Ca G G G
Ecob 77 TGLVLLASLATCTFAYPWLEGYN DNKDEFYLLVLIAALGGILLANANHLASLFLGIELISLPLFGLVGYA- - 146
Kpneumonise 77 TGLVLLASLATCTFAYPWLEGYK - - - - DNKEEFYLLVLIAALGGILLAGANHLAALFLGIELISLPLFGLVGYA- - 146
T.thermophilu 63 TLLALLGALWTVGLVRSG - - RFEFYLLVLYAALGMHLLASTRHLLLMLVALEALSLPLYALAT---- 123
D.radiodurans !7GGTVLLGAI.LTI.I.VSLDTAVIAR—-~~ VSFAEFDALLMYAVTGCLLIAFSGDLIVMLIGLEIMSLASYVLAT-L-- 155
Rmarinus BANAIILASGLLTIALSVPYLKRIR -~~~ HLHGEVYALILFATVGMIVLASANSLISVFVG_L_ETMSICI.VIMTGLV—- 153
Aaeolicus 73 KLFILAVTGFVLLSSYDYFSKKN- -« - SQVGEL'YLV[IAYLGLMVMCSSDNLAIIFTG!.5£LA$ITMVILV6LF-- 142
Mtuberculost 86 QGTVLLVTIMAVVFMAERSARVSPQRONTLAVARLPGLDSFTPQASAVPGSDAERQAERAGTTQTELFPLAMLSVGGMMVFPASNDLLTMFVALEVLSLPLY LMCGLAR - 194
S«coelicolor 108 QGTILLTSLVGLFTFAERRLDPEQHG - - - NRVDSFAAQAAAVPGSES(QKAVKAGFYYYEVF'lll.'AVAGMLVFPAAND[LYLFVALEVFSLPLVLLCM.AR~ 207
P.denitrificans 78 KVVTLVAAAGVLAMSADYMQRRN - « - « R I MLRFEFPIlVAlAVLGMMFMVSAGDLI.H.YMGI.E[QSLA[VVVAAMR-- 147
Rcapsulatus 77 KVVILVSAAAVLAMSSDYMGRRG = « = = = s s s s s s s s s s s s aomaoaasasannsssss LLRFEYPII.IVLAVVGMMMMVSAGDLMSLVIGLELOSLALVVVAALR 146
Rprowazeki 69 KSIILLFTIVSLIIYRDYSILVG -~~~ ~---ETLKFEFIYI.MLLSIVGIFVAISSRNFLLLFCGIELTALTSVALAG‘Kvv 139
Creinhardtii S5 LTVVLLQS - - - Teeseessesrrrrrrrse s s essesses e FHSFEALLFLLLAY IGQLYMMHSCNLVSFYVCLEAQTLCVVVLCGLLAR 1M1
Nrassa m PLSSIQAVI.KDVI.FIIQGFNKEH»»-- ----- LKITEYPLILLFVICGAVFLMSTNDLVSIFLSIELQSYGLHTSSTIY -- 180
Ylipolytica TAFIMIVISSLYGYNLYNNNLYKTLFE---<-vvsrrrrrrrnccrencscccscssnssrrrvrrovs PKKELIITLFLINILGALLIVHSNDFITLFEVAIELQSYSIYLITAIY-- 144
P.pastoris 76 L ICILYVLLISFNITGLSIIDNLN - -« v m ettt sttt ia it a s aaas YSKRTFIVIVLFNIIGLTLlPLVNDIMILf.Ill.ELQSVSLYLLTAIF-- 146
Athaliana 97 QIFLLLSTAGTISMCFDFFDQER FOAFEFIVLILLSTCGMLFMISAYDL I AMYLAIELQSLCFYVIAASK:~ 166
B.vulgaris 86 QILLLLSTAGTISMCFDFFEQER - - FDAFEFIVLILLSTCSMLFMISAYDLIAMYLAIELQSLCFYVIAASK- - 155
N.tabacum 86 QILLLLSTAGTISMCFNSFEQER FOAFESIVLIPLPTRGMLFMISAYDS | AM ALEPQSLCFYVIAASK- - 155
Taestivum B6QILLLLSTAGTISMCFDFFEKER FDASEFIVLIPLPTRSMLLMIPAHDL I AMYLAIELQSLCFYVIAASK- - 155
Klaevis Y esss MNPITFSVVLTSLASEQFLAVSSSHWLLAWMGLEINTLAI IPLMTQH- - 47
Gagallus. LR MNPHAK[I(YVSLIMG"SITISSNMWILAWTGL,EINYLAIIPLISKS--47
Sscrofa IR MNPIIYTTLIMYVMSGTMLVMISSHWLL IWIGFEMNLLAMIPVLMKN - - 47
B.taurus 1 MNPITFITILLTIMLGTIIVMISSHWLLYVWIGFEMNMLAL | PIMMKN - - 47
Hsapiens 1 MNPLAOFVIVS!lFAGTI.!TALSSNWFFT!‘VGL!MNMLAFI?VLTKK~- a7
Aaurits 57 NVLII.(VILAS!lMVSTTNMLALVJL(!ELQSLSIFILIAQE—- 120
D.melanogaster 1 -'-vMFNNSSKILFITIMIIGTI.ITVTSNSWLGAWMGI,EINLLSFIPLLSDN~»la
Apisum 1 MNLNLTKIMFFTLLMFSTLMS I SASNWLSMWMGLELNLFSIIPILNFK-- 48
1 -MIVFISLFTLFLTLLS!LYNNVIVWSIF:llM?VVFILLNKSS--43
Concophora 1 MLAFMFMMVFFFGLMCLMXNNIL IWWSVFELMMTLLFVMLNKMN - - 43
Taspiralis 1 MNSFVWGIFVVIVVMI.SFVMNNWLSMWTMLEI.TTWVMMVIIVEE~»u
_ e SEMEE— = ~TM7a ) TM7b TM8
FUULTUTUUUUL™L WAL . o S Y
Ecoll 147 -FROKRSLEASIKYTILSAAASSFLLFGMALVY AQSGDLSFVALGKNLGDG -M- -~ - -~~~ LNEPLLLAGFGLMIVGLGF TPOVYQGAPAPVSTFLAT 24
Kpoeumoniae 147 - FRQKRSLEASIKYTILSAAASSFLLFGMALVY ANSGNLSFLALGKSLADN -M- - -« v eno LHEPLLLAGLGLMIVGLGF TPOVYQGAPAPVSTFLAT 244
Tthermophilu 124 -WRRGQGLEAALK FLLGALAAAFFLYGAALFYGATGSLVLGAPGEG ~«-PLYALALGLLLVGLGF TPOVYQGSPTPVVLEMAT 213
Dradiodurans 156 -QDSRRSQEAGLKYIFLLGSVGSAILIYGLAFLYGATGTLNYAGI AQQVSALDP QNIGILVTIGTLLVLSGFGV TPOVYSGAPTLVSLFLST 254
Rmarinus 154 -REDVGAGEAALK £ AHP IMFWAGVALLLIGFLF TPOVYQGAPTTLTGYMAA 250
Aaeolicus 143 -RREYLSKEGAFKYLVIGTTGTSMY ALGSALVYASSGSMVLSPVKEE NTLFALGVILIISALAL TPDAYEGAPTPTTAYLST 233
Mituberculosi 195 -NRRLLSQEAAMK FLLGAFS;AFFLYGVALLIGAYGY\.YLPGIRDALAAR-- TDDSMALAGVALLAVGLLF I PDVYQGAPTPITGFMAA 291
S.coelicolor 208 -RKRLMSQEAAVK FLLGAFA,S;AFTLFGIALLVGVAGSMSVGTIAOVVDGTVONVTVALADTMGNDAI.U.VGSALIVMGI.I.F TPDVYQGAPTPVTGFMAA 316
Pdenitrificons 148 -RDSVRSSEAGLKMFVLGSLSSGLLLYGASLVYGFAGTTGFEGIISTIEAG- - HLSLGVLFGLVFMLVGLSF TPOVYEGSPTPVTAFFAT 244
Reapsulatus 147 -RDSAVSSEAGLK FVI.GSLSSGLLLYGASLVVGFAGTTT‘SGIIYVVEQG- HLPIGLLFGLVFLLAGLAF TPODVYEGSPTPVTAFFAT 243
Rprowazeki 140 -LNDIKSSEGALKYFILGSLVSCLSLFGISFIYGFGGSIQFDDILHQLNND- - SEIKPGLIIGIVLFLSSIFF IPDVVEGSPISSVTY?FTAZH
Careinhardtii n2 GAS\‘SFSVEAALKlLLSAMVS’GMALFwFSAMYQRTGSLDMVG --------------------------- QETFWILLVMLF SVOLYGSIPKSLLLYLST 194
Nerassa 181 -RNSELSTTGGL! FLLGGFSS(FIllGASLLYANSGTYSLDGlVI|NSISDVNDN---MTSWVKSVVLNFSLLIFSVGFLF SPDVVDAI"IVYT?VAI 286
Ylipolytica 145 “NSSYKASKASML FFM(‘-GII.Sll.lAVSIN!‘V'SVLNSVYLHSLDSLIINT~~ ~«LDLNLILIALSLGLLF LISIVENY'ILITI_"'ISLBB
#.pastoris 147 -NESHNSTKSALYMFIVGS | ASFI1LDATVSIYDOLGLTNIQY ILMYID--- - “KLEIFDLLCLLFGLFI SITIYSLSPTIITNYISL 238
Acthaliana 167 -RKSEFSTEAGLK LII.GAFS(GILI.FG(SMIYGSTGATNFDOLAK!LTGVEITB ARSSGIFMGILFIAVGFLF APDIYEGSPTPVTAFLS | 267
Bvuigaris 156 -RKSEFSTEAGLK I.ILGAFSSGILLFGCSMIVGSTGATMFDOLAKII.YGVElTG VRSSGIFMGILFIAVGFLF APDIYEGSPTPVTAFFS | 25
Ntabacum 156 -RKSEFSTEAGSK lII.GAH'SfGILLFG(SMI‘IGSYGA"HDQLAKILTGVEIYG ARSSGIFMGILFIAVGSLF APDIYEGSPTPVTAFLS | 25
Taestivum 156 -RKSEFSTEAGSKYLILGAFPSGILLFGCSMIYGSTGATHFDQLAKILTGYEITG ARSSGIFMGILFIAVGFLF APDIYEGSPTPVTAFLS I 25
Xlaevis 48 - -KHPRAIEASTKMIFLTQAAASALLLFSSLNNAWLTGEWSILDLTN ~---PLSCATMT I AICM LPEVLQGLSLTTGLILST 132
Ggallus 48 - -HHPRAIEATIK FLTQSTA?ALILFSSM'NAWSTGQWOIYOlNNP ---------- TSCLMLTMAL AL FPEVLQGSSLITALLLST 132
Sscrofa 48 - -FNPRATEAATK FLTOATASMMlMMAIIINLLVSGQWTITKMFN ------ “ e« <PVAMTMMTLALAM) VPEVTQGISLQAGLLLLT 132
Braurus 48 - -HNPRATEASTK FLYOSTASMI.[MMAVIINLMFSGQWYVMKLFN “e e« <« PMASMLMTMAL AM) VPEVTQGIPLSSGLILLT 132
Hsapiens 48 - -MNPRSTEAAIK FL"OATASDMLLMAILFNNMLSGQWYMYNYYN “ e =QYSSLMIMMAMAM) VPEVTQGTPLTSGLLLLT 132
Aaurita 121 -RELTSRIEASLK FVLSSISﬁGLLlLGSSLLFIMSGSC(IYTLIYOEVTP ------- EKVLILVALLF LPDVYQGSNNNTLLLLGT 209
Dmelanogaster 45 - -NNLMSTEASLK FLTOVLASYVLLFSSILLMLKNNMNN EINESFTSMI IMSALLL FPNMMEGL TWMNALMLMT 131
Apisum 49 - -SSIYSIEATMK FLIOAFAS,II,I.LIFI.INKNI.LFINND---- ~~~~~~~ NML | MMS L L M| LPSMMEGLNWMSCLLMMT 124
Celegans 44 - - - - - KSYTSIFNYFVIQESLGLLFLLCSGGLLQF - se--FlILL IFNVTNNIFNYGLMWFELT 106
Concophora “ - - MSFNSLFNYFVLXESLGLLFLLLMGNMQLM T s VLFL IFSVINSVFGFNLMWFLT 105
Tspiralis 45 - - - -LSSSEVMFKEYLVSSLSSMMLLCLWFVSWCP - AWWVLF | VMF GWILXGVSWYNMWFELTV 113
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TM11 =
MU \’\"\ v

Ecoll 245 ASBIAIFGVVMRLFLYAPVGDSE-AIRVVLAIIAFASI I FGNLMALSQTNIKRLLGY :lSHLGV‘LLVALIALQYGEMsMEAVGVVI.AG LFSSLGAFGVVSLMSSPY - - 351
Kpneumoniae 245 AS IAIFGVVMRLFLVMPVGNSE-AVﬁVVLGLIAFAS!|5GNLMALSQTNIKRLLGV ISHLGYLLVALIALQSGEMSMEAVGVYLAGYLFSSLGAFGVVSLMSSPY - - 351
Tthermophilu 214 SVIBAAAF AALLRVAAP - - - - - - - - -« PEALALLVALSVVVGNLAALAQKEAKRLLAY I AHAGYMALALYTG- - - - - NAQALGFYLLTHVLATGLAFAVLSQIS - -~~~ 303
Dradiodurans 255 V V. AAFAGMLRVFGG -ALAAGP -GWHSVLQILVALTLVIGNAAALYQONFKRLLAYBAVAHTGFLAMTLLGDT - - AQGGAALGYYLLVETLMTVGALAVVAALQR - - - - 35
Rmarinus. 251 ASIAAAFAALVLVLDAALPAER - - -WQLLLALVALVTMVAGNVLALVQQNVKRMLAY E |AHAG?'ILT6LAAGI’--EGYAGALFVI.LV ALMN IGAFGVMAFLEWDG - - 353
Aaeolicus 24 VPRIGMY FLFVKLTMYLFSAFP - -DWKYVVMLLAVLSMFYGNIVAY AQKSVKRLLAY IAHAGYFLTALTAVDK - -HLFSALLFYVFVEALATVGAFTVLAILEKKE - - 337
Mtuberculosi 292 AT AAFGALLRVVYVALPPLHD-QWRPVLWAIAILTMTVGTVTAVNQTNVKRMLAY \VAHVGFILTGVIADNP - -AGLSATLFYLVAYSFSTMGAFAIVGLVRGADG - 397
S.coelicolor 317 AT AAFGALLRILYVVLPGLRW-DWRPVMWGVAIVTMLAGAIVAITQTDIKRLLAYSIS | AHAGFILAGVIATTP - -EGISSVLFYLAAYSFVTIGAFAVVTLVRDAG - - 421
Pdenitrificans 245 AP AAMALI ARLVFDAFGHVIG-DWSQIVAALAVMSMFLGSIAGIGQTNI KRLMAY »IANMGFALVGLAAG"A”IGVQNMLLYMY' AVMN IGTFAFILSMERDG - - 349
Rcapsulatus 244 APBLAAMAL | ARVVHDAFGQVPG-EWGQILAALALASMYLGAIAGIGQRD I KRLMAY HISNMGFGLLG[AAGYA- ~AGVESMLLYMT I X I VMNVGTFAFILSMERDG - - 348
Rprowazekii 238 ASRIGMVIVLLNISKLIIGNYYP-INYNLIKIITAILSMLFGAFGAIRQTSLKRLMAY ILNIGYVLIGVLLHNQ- -EGYKAALLY ILIBAVVSIGFFTCLIMLFGKD - - 342
Creinhardtil 195 APEILSLFTFWASSWHH - - - - - - - - -« DFSVGVFILFSMFIGSIGAYGQPALRSLFAY INEIGLLLLAVETAG- - - - - FHTLYQHLGIE!I I TQLLLWNLTD - - - -« -~ Pl
Nerassa 287 |ARI SIFILLLELVYHTNNYLSEFSWIYGLLYSSFLSLIIGTVVGLTQFRIKRLLAY ISHLGFILLALSVFTQSVESTQAFIFYLIQESFSNLNVFIILITIGFSLYG 39
Ylipolytica 239 IPEISILSYLVLSNIS SINSLVISILAILTLLVGSVGGLLQIKIKRLLAF LYNAG?MMLLLLLNNN~-~-EFSVLVVIYO SISHLAIFMITIFSIYYIN- 335
P.pastoris ZIMPRLSILTLIYIIMHY INIVNNT -DULNYVISFLILISMFIGSFGGLNVIRIKTLLAY LLNVSYMLLAILSNSN--ESITAYIYYIIQYSLTHINIFSIILVISIYLPI 345
Athaliana 268 APBI SIFANILRVFIYGSYGAT - - -LQQIFFFCSIASMILGALAAMAQTKVKRLLAYSIS IGHVGY ICIGFSCGT | --EGIQSLLIGIFIYALMTMDAFAIVLALRQTR -« 370
Bovulgaris 257 APRISIFANILRVFIYGSYGAT - - -LQQIFFFCSIASMILGALAAMAQTKVKRLLAY IGHVGY ICIGFSCGTI - -EGIQSLLIGLFIPALMTIDAFAIVLALRQTR -~ 359
N.tabacum 257 AP ISISANISRVSIVGSVGAT”-LQQI‘FFCSIASMILGALAAMAOTKVKRL(:AN 'IGNVG!IRYGFSCG'!~'EGIQSI.I.IGlFl ASMTIDAFAIVLALRQTR - - 359
Taestivum 257 APRI S| SANMSRVSIVASYGGT - - -LQQIFFFCSIASMILGALAAMAQTKVKRPL AN _IGHVGV‘IRTGFS(GYO--EGIDSllIGIFl ASMTIDAFAIVPALRQTR - - 359
Xlaevis 133 WQEIL APMAILYQI APM- - - SLNTPLLLTLGLTSTLIGGWGGLNQTQLRKILAF ILAHLGWMISILPFSPQ- - LMILNLTIELIMTSTMFLVLKTISSTK- - 226
Ggallus 133 L LPPITLLLLYTSQS--- SLNTTLLTLLAISSTLIGGWMGLNQTQTREKILAFEISISHLGWMIMI ISYNPQ- - LTILTFILETIMTSTVFELSLAQIKVLK-- 226
Sscrofa 133 WQEILAPLSVLCQISQS - - - ~INPNLMLTMAMLSILIGGWGGLNQTQLR XIMAY I AHMGWMT AVLPYNTT - - MTILNLLIBITTTLAMFMLLIHSSATT - - 226
Blaurus 133 WQEIL APMSVLYQIFPS - - - »INLNLILI‘LSVL$ILIGGWGGLNQTQLRKIQAV FIAHMGVIMTAVL'VNPYH MTLLNLI I IMTSTMFTMFMANSTTT - - 226
Hsapiens 133 WQEILAP I SIMYQISPS -« - “LNVSLLLTLSILSIMAGSWGGLNQTQLRKILAY I THMGWMMAVLPYNPN - - SMTILNLTIEI ILTTTAFLLLNLNSSTT -« 226
Asurita 210 LPRISVLGI FMVLFPG ~NKlVLVﬁY|FStIIGCIGAINQSKTKRLI,AV I VGMGFILLGINISSY - -QGIEAGTIYLTINI ITFVSILIVINSSIDEK -~ 305
D.melanogaster 132 WOQRII APLML I SYLNTK <« v v v v v v v nw YLLLISVILSVIIGAIGGLNQTSLRKLMAF S INHLGWMLSSLMISES - - ce = IWLILEFFYSFLSFVLTFMFNIFK-- 219
Apisum 125 WQRI TPLIMISYLNVN - - - KNMMFLIVLISMNSIFGLNQNSMRX I LAM| 'VINNTYWMLFAII.MNEN-- ~ -« LWINYFLIYSMLNFLIIKMLNNYN-- 211
Celegans 107 FQELPFLTILLQIFWL - - - SSVYILLFGLLICYVQIFVMKSYKNLLI I A_TESFNWIV{GVFFsMFN- ~~TFYLFI FVLMVLLISKFSKTSGY - - 195
Concophora 106 FQELPFLFVIVOMVEY KFLFFLFFGLMLCLLOMLLVYKSFKNLLIL TESFNWILLSYVFSILN- - ~-=VIFIFL FFVMXYLIPKFTMNVN - - - 193
Taspiralis 14 VH VPFVVSMLVVDS - -« =« = = o = o o VLIGVVCVVSILWSVFSYWNVSSVFMILFY CVHSSWLWLASSDLSK -« ««««xnx FVYIYYILMYVSVMFVVMRS I SSEG - - 200
TM12a TMI2b TRt S e 2
MU ‘\"‘ WU VUV
Ecol RGPDADSLFSYRGLFWHRPILAAVMTVMMLSLAGI FVVI.AVGVQAHLWWLVGAVVVGSAIGLVV\'LRVAVSLVl 434
Kpneumoniae .. ~~RGPDADSLFSYRGLFWHRPILSAVMTVMMLSLAGI FYVLAVGVHAHLWWLVAAVVVGSAIGLYYYLRVAVSLYL 434
Tthermophily 304 « « =« e s v e ccssssssassancnnnnns PORVPLEALRGLYRKDPLLGLAFLVAMLSLLGL LAFAEAARAGAWGVLVLALVTSAVSAYYYLGLGLAVFA 384
D.radiodurans sesrrrrrrey TEEGLTINDMRGLYYRHPAYAVALAFCLASLAGL LAIQVAFQAGYLLISVLAVLSSVAALVYYLRPAMLMFM 438
Rmarinus e «++--KEGYEQTIDSLAGIGYRRPLLGVAMAFFMFSLTGF AVFAPAVKAGLTWLVIVGVLASVLSAYYYLRVVY VFWM 436
Aseolicus messccccccreey GWTHHFLDFKGLKEENPVLASMLALFLFALIGI LGIFFGLVKTOMFALGILFAIASLISAGYYLKVIVYMFL 418
Miuberculosi e - -SAGSEDADLSHWAGLGQRSPIVGVMLSMFLLAFAGI FAVFRAAASAGAVPLVIVGVISSGVAAVFVVRVIVSMFF 481
Scoelicolor R GEATHLSKWAGLGRRSPLVAAVFAVFLLAFAGI FAVFKAAAEGGAAPLVVIGVISSAIAAFFYIRVIVLMFF 502
P.denitrificans R VPVIDLAALNRFAWTDPVKALAMLVLMFSLAGYV FGVLTAAVDAGMGWLAVLGVIASVIGAFYYLRIVYYMYF 430
Recapsulatus I KPVTEI AALNMLSKTDPVKAFALLVLLFSLAGY FAVIKAAIGAGFVWVPVAAVVASVIGAFYYLRIVYFMYF 429
Rprowazekil B I I VONASFKTIEGIAETHKTI AALISIVMFSMIGH YLEYQAINKKEFTLAYCGIFTSVVAAFYYLKVVKAMY F 423
Creinhardtil . KRLFALCAVSLAGL AWI FWHAMS VQAFSLLAAALFCTLLSLVYYLRVIRLFWT 343
Ncrassa VWNNKEYKNLLDINNSPVOLISQLKGYVVLNPLLSLSLAIIIFSFAGI MVLSAALDNGY IFLSLIAILTSVVGAVYYLNIIKEIFF 493
Ylipolytica 336 YINNQYNPIIYVNQLKGLIHDNAYLVLSMAIVVFSFIG! LNILMSILNNGYYFISIVLIVASLISALYYLYLLNVSIQ 422
P.pastoris. 346 MNNNITSNTVDONKY SNNGGNMLNVMITKYSPIEY INQLENLFINNIFIAILALCISIFSLIGH LVLISGLNNGYVLLSIVLIITASSISTVYYATILKVLSF 455
Athaliana k24 B VKY | ADLGALAKTNPILAITFSITMFSYAG! FYLFFAALGCGAYFLALVGVVTSVIGCFYY IRLVKRMFF 449
Bovulgaris 360 - - VKY I ADLGALAKTNPILAITFSITMFSYAGI F\‘LfFAALGCGAVFLASVGVVTSVIGCFVVIRLVKIIMFF 438
N.tabacum 360 - - - VKY L ADLGALAKTNPILAITFSITMFSYAG! FYLFFAALGCGAYFLAPVGVVTSVIGRFYYIRLAKRMFF 438
Taestivum 360 VKY I ADLGALAKTNPISAMTFSITMFSYAGI FYLFFAALGCGAYFLAPVGVVTSVIGRFYY IRLAKRMFF 438
Xlaevis 227 - “ISSLATSWSKTPSTTALSLLTLLSLGGL FIIQELTSONTTILATTLALSALLSLFFYLRLTY IVTL 302
Ggallus 27 - “LSTMLISWTKTPMLNATVMLTLLSLAGL LITQELTKQEMTPMATI I TMLSLLSLFFYLRLAYHSTI 302
Sscrofa 227 - s ~TLSLSHTWNKMPI ITSLMMVTLLSMGGL MITQEMTKEKNES | IMPTLMAMTALLNLYFYMRLAYSSSL 302
Btaurus 227 - ~-TLSLSHTWNKTPIMTVLILATLLSMGGL MITQEMTKNNS I ILPTFMAITALLNLYFYMRLTYSTTL 302
H.sapiens 227 - - -+ -TLLLSRTWNKLTWLTPLIPSTLLSLGGL AT LEEFTEKNNSLIIPTIMATITLLNLYFYLRLIYSTSI 302
Aaurita 306 - - ~PTLGELSSLLGNNLALLSTFGILILSVAG! LVLTSAITTEFIFSSILSIICAIIAGVYYVRLVKIGYF 383
D.melanogaster 220 - - LFHLNQLFSWFVNSKILKFTLFMNFLSLGGL LVIQQLTLCNQYFMLT IMMMSTLITLFFYLRICYSAFM 298
Apisum n2 - |NVINQMKLFN\NFVFKLNLIMLIFSIMGL ML I KNLMYNNMY | | MMML IMLTILNLLFY | KMTY FMLF 289
Celegans. 196 - .. NFINWETTLVFLNI IFSLSEIFKYDSFFTLFLLFTMFLSVLAFSFWLINLSMK 257
Concophora 194 - EFVDWETVLVFLNL I FALVNIVSWMNFWILFLLFLMFMSMVSLSFWLVSLSVK 255
Tspiralis 201 - YCOPMISYMFMLLLGL AVITVSLS-FVPLLSWLILVLSVVSLYPYLRVIWSSFV 263
™14
FUVUTUTUVL U\
Ecol 435 HAPEQPGRDAPSNWQ “YSAGGIVVLISALLVLVLGVWPQPLISIVRLAMPLM- - - - 485
Kpneumonlae 435 SAPEQLNRDAPSNWQ “YSAGGIVVLISALLVLVLGIWPQPLISIVQLATPLM- - - - 485
Tthermophilu 385 RPEETPFRPGP ~-PWARAAVVAAGVLLLALGLLPGLVLPALAAGG - a7
Dradiodurans 439 PORTPAREY AHG - - RPATNVAVALSLIGIVVLGLLPNLWYGWVASPEIWRLLAGT .- 492
Rmarinus 437 KSPDEAPEAVRQQAFP VPLAPQAVLVVCVVLIVLLGVLPGLLEVTASFFPTPAAPPAATTALLP - - - 500
Aaeolicus 419 YSGEVRHGQTTVS <« AGEAFTVLGTAFLVIFFGLFPHVVLDFILRALS -« -« 464
Mruberculosi 482 TEESGDTPHVAAP GVLSKAAIAVCTVVTVVLGI APQPVLDLADQAAQLLR - L:1]
Scoelicolor 503 SEPRPEGPTVAVP «SPLTMTAIAVGVAVTVVLGVAPQYFLDLAGQAGVFVR - 552
P.denitrificans 431 GGESEGMTSRMG - -~AVOVLALMVPALAMLVGA|SMFGVDSAAGIAAEYLVGPVAAIEOPAEAAOAEPVOGE 495
Rcapsulatus 430 GEKSAPLDGRMP - ~ALQFAFLVLAAVAMLGGAINMAGVEGAAQAAAASLVN . 478
R.prowazeki 424 SKKIAIIKLPMQYG + v v s vermencrreessssnsssnencnncsns LLLINYLVLGFLLFGSFIILF - 458
Creinhardtil 388 APVHTAASFTGAP - - - - - - - s e s s s st sttt e s s s s s e menn = NQTTLTSACAVALAFAPVMLVKPFVE -« - - - - me et s e ceeenn 382
Ncrassa 494 Y SPRHKLKTVOVENTWPFPVKRDLKLNDSNAFS I SYDRY TVSSPLSSGYTISSPFSITISIITIVILLFIFMNKEWLSMGT IMVQVLFST - 5831
Ylipolytica 23 DKNNILINSNETVS -« « c o e e sttt st sttt st s saaaannn SVLSY ILSSLIILITFGFIYNSLIIDIFNVYFN 465
P.pastoris 456 DTLSFKDI I SNNLI ---TSPENNNNEIKPEISNVIsVVISSLYLIlLlIIIOYENlVKGAVlVllYNWV 521
Athaliana 450 DTPRTWILYEPMD . “RNKSLLLAMTSFFITLFLLYPSPLFSVTHQMALSLYL - 495
Bvulgaris 43 DTPRTWILYEPMD - ~ROKSLLLAMTSSFITLFFLYPSPLFSVTHOMALSLYL 488
N.tabacum 439 DTPRTWILYEPMD ~ROKSLLLAMTSSFITSFFPYPSPLFSVTHQMALSSYL 488
T.aestivum 439 DRPRTWILYEPMD - ~ROKSLLLAMTSSFITSSFPYPSPLFDLTHQMALSSYL 488
Xlaevis 303 TSSPNTSNASLTWR - -« - - - ... HHSKQPTLLLSTALILSSFIIPISPLTLT ««vvwennan 345
Ggallus 303 TLPPNSSNHMKLWRTN - - KTLNTPTAILTALSTTLLPLSPLIITML - 346
Sscrofa 303 TMFPSTNNMKMKWQF - - - - - - e CEHTKQMKLLPTMIVLSTLILPMTPALSSLN- ... 347
B.taurus 303 TMFPSTNNMKMKWQF P - - <« LMKKMTFLPTMVVLSTMMLPLTPMLSVLE - 347
H.sapiens 303 TLLPMSNNVKMKWQF - - « « « « EHTKPTPFLPTLIALTTLLLPISPFMLMIL - .- 347
Aasurita 384 QEEKTFLIWRKVLIKE ««ccvvccccrcsnnsncancas KEM&'IOAYILGMLLYSVTFILV(PQILWKF!NYSVLSLF~ 435
Dmelancgaster 299 MNY FENNWI MKMNMN - - - - - - ««SINYNMYMIMTFFSIFGLFLISLFYFMF - E21]
Apisum 290 NFNLFNKWYLHIK -« oewe KNNYNFIMMMNFFSLFFSYLFIY -« 325
Celegans. 258 NNEETSNNNKMN - YFIIFPLMVISIN -« 282
Concophora 256 SFNSNKY § - v v v vt e e et e e e e e e et ettt sttt st s s KMYFMFLPLMMI 1LYV - 78
Tspiralis 264 NSFVDLSCCYYFG GMVECCVVVVHVFGFVYLY - - - - 295
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Ecoll
Kpneumoniae
T.thermophilus
Dradiodurans
Rumarinus
Aaeolicus
M.tuberculosis
S.coelicolor
Pdenitrificans
Reapsulatus
Rprowazekii
Creinhardtil
Nerassa
Yiipolytica
P.pastoris
Acthaliana

Tapiralis

Ecoli
Kpneumoniae
T.thermophilus
Duradiodurans
Rmarinus.

T.spiralis

™1 T™2
g g W Wt G Nl i N g N Y
L ~+MLLPWLILIPFIGGFLCWQTERFGV- <+« KVPRWIALITMGLTLALSLQLWLQGGYSLS4
“MLLPWLILIPFIGGFLCWQTERFGV -~ ~-KVPRWIALITMGLTLALGLQLWMQGGY SL54
*MVVLAVLLPVVFGALLLLGLPRALG -+ ++++vvvresrrncccccccrecrerrrrcccseccccccsccnccnnsroanons VLGAGLSFLLNLYLFLT -~~~ -« 2
<+ -MINLMLYLPLLGALLVLVAPVKWR - - - EEVAGFFAAATLGAGLWLWRLG- - --46

Joeeee MNLPYLTSIVIFLPLVGALLMLPMRRVS - - - ~<AIRWTALATTTVTFLISLLLYVG--YDPS54
Veasaaaa METLLNVAIFLPLVGALLVAVIRNEIFA- KVASILIGAVVALISLVLFVN--FDF52
L MNNVPWLSVLWLVPLAGAVLIILLPPGRRR - < o« LAKWAGMVVSVLTLAVS I VVAAE - -FKP56
1eeeves MSFPLLTVTAALPAVGAI ATAAVPAAKRT « - AAKWLALLVSLATLGLAIAVLVR --FDPSS

MTNLLSIITFLPIVAAI IMALFLRGQDEAAA- ~~RNAKWLALLTTTATFVISLFVLFR--FDPS8
MONLLSIITFLPLAAAAVLAVVSRGSGPAAD - -RNAKWVALTATVVTFLVSLLLLAG--FDPS8
1 eeeas MLEFPIISITIFLPLISVLYILLFFNQNKK-AD- ~-KLSIYVAMLSSVLTFISTIYILIE--FDVS9
lececccces MEISVLLILFALCVTLIPEAHYHMYR - e v ceeceecccceanccccccccscscccnccacnccccsecccccscsaccas VWSFVAT I I PMWVVTWMWWN - - FDA49
1 -« -MKKEFLMFLFALLIIPIIGIFIIWSTQFYSKMYQYPFYYMPYPFKKVVITEGANSCMLKDGSWSQVVLTDSDDMFIQNETAPKVVAFIISILNLMVSLLVYIL--FDF106
~MFLTSILLSSLYLFNRILAWQG - -~~~ -~ -NVKHFYLFASNLLLLFIVVLYIN--FNT43
L IR R R R R ~-MLVONLIIFNIIGIVLLVLLNNNNNG - =~ ILNKKSLLTIKNELKLKQIGLIISIINILSS
TMLEHFCECYFNLSGLILCPVLGSIILLFIPNSRIR- ~-LIRLIGLCASLITFLYSLVLWIQ--FDS6!
TMLEHFCECYFDLSGLILCPVLGSIILLFIPNSRIR- ~+<LIRLIGLCASLITFLYSLVLWIQ--FDP6!
1TMLEHFCECYSOLSGLILCPVLGSITPLFIPNSRIR - “«PIRLIGLCASLITFLYPPVLRIQ--FDP6!
1TMLEHFCECYFOLSGLILCPVLGSI ILLFIPNSSIR - ~*LIRLIGLCVSLITFLYSLVLWIQ--FDP6!
levsoorrvee MLKILLPTLMLIPSTWLTNKKWLWPS - LTSQSLIISLLSLMWFFN----- a4
“-MLKIILPTIMLLPTALLSPAKSMWTN - “TTMYSLLIASISLHWLTPSYYPT - - - 49
SMLKITIPTTMLLPMTWMSKHNMIWIN - “ATVHSLLISLISLSLLNQLGEN-48
< MLKY I IPTIMLMPLTWLSKNNMIWVN - “STAHSLLISFTSLLLMNQFGDN -48
c MLKLIVPTIMLLPLTWLSKKHMIWIN- TTTHSLINSIIPLLFFNQINNN-48
s MILLISTVLITSIFLVMLVYGNSNP - “-LLSKKIALGSSFLVLWLSIVLWTS - -HNTS!
SMLKIITFFLLFLIPFCFINNMYWMVQL - MMFFISFIFLLMNNFMNYWS - - - -« 46
“MLIIFSMIFFSLKI KSWWLAQN FFFFFFFFMYFKIPMFNYFLN- - - -
------ MLEFLFISLLWLFK- “PIYFLLFTVMFSFLIFNN- -
“MFEFMMVSFLFFFL - PNYFFFLLLLFSVSLFNK- -

“MMSNFGSVLVFMAFG ~FLWWVLVGVFGSVSMLVG -~~~
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5 L it G Ga G G G ¥ AUV
55 TQSAGIPQWQSEFOMP - - - -WIPRFGISIHLAIDGLSLLMVVLTGLLGVLAVLCSWKEIEKY ««-QGFFHLNLMWILGGVIGVFLI132
55 TQSAGIPQWQSEFVLP-- - -WIPRFGISIHLAI LSLLMVVL!‘GLLGVLAVLCSWNEItlv- ««-QGFFHLNLMWILGGVIGVFL132
43 HPGGVAHAFQAPLLPG - - « D lsAL[‘lTlleVFlGALVARVEGl- ------ FLGLALLMEGLLLGLFAIM
47 v e GEGLSVLPWVP . -« PLGVYVAVEI.GVGLA!‘ALV'AFMTLMAVWAARRVP”P- « s« ~GPMLAMVLAMETGLLGIFANS

55 AGSPAQPQFVDRITG -~~~ - LGLLLILLTTLLGPIVVLSSWNY IDRH - -QKGYYTLLLVLQTGMTGVF A3
53 SKKG--FQFETYVPW- - - - .. JGMAI SLILMTSILFLAAY IWSWKIEDR - - - - - - v v v v o nc s cm e oo o s PSLYFALFLALETACIGVFAI2S
57 SAEP--YQFVEKHSWIP - - TAVVLVLLYTVLIPLLLVAGWNDATDADDLSPASGRY PQRPAPPRLRSSGGERTRGVHAY VALTLAIESMVLMSV I 159
5 DGDR - -YQLTESHSWIA- -

FAVALIALTALLIPFIILAGWHDADPLETGSS < - - - cvvvcvcnenenan RWRPTQGFFALILAVEAMVI I SFE138

59 ANTG ISVLEVLLYTFMMPLTILSTWQVQDK ++«VKEYMIAFLVLEGLMIGVFTI129

59 ANPG ISILFEVMLTTFLMPLTIASAWHVETR - <+ ~VKEYMIAFLVLEALMIGVFVI2Y
60 SNNT IAIFEVVLTSFLTLICIIGSLFTIKKY <+ IKEYLVCFLLMESLCIGAFTI33
50 SGHG VALSLMLLTTVLFPICMMLLRTVAG FMTFILLEVLVLSALC2

ISIYFVLLYTY LI IPLALMSNWNS I TNN - <« -VKSYLIIMLLLETLLLAVFL178
“e«SNLYYTLVLAIGLVILLNFWI3O
e cYTYYVISINMLVILMALNF 1133
~+GKEYIIAFLICEFLMIAVFC13S
- -GKEYIIAFLICEFLMIAVFCI3S
--GKEYITAFLIREFIMIAVFCI3S
<-GKEYIIAFLICEFLMIAVFCI35

$6 11 |ENWIGFNSNYYGFQN -« - - IERFLNIYWGIDGISLLLVLLTLILGPIAILSNWKNLKGY -
62 STAK- -FQFVESLRW- - -« .« LPYENINFYLG! D¢ ISLF_':VILTTFLIPICILVGWSGMRSY-
62 STAK--FQFVESLRW---- -~ LPYENIHFYLGIDGISLFEVILTTFLIPICILVGWSGMRSY -
62 STAK--SQFVESLRW- - - - -« LPYENINFYLGIDGISLFFVILTTFLIPICILVGWSGMRSY -
62 STAK FQFVESLRW------LPYENIHLYMGID
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AB:aeen QSETTHFS DOISTPLLILTCWLLPLMLIASQNHLSNEP - -« -« ISRQRTFITMLVFLQLSLIMAFSI
50 .- DOISTPLLVLSCWFLPLMIMASQGHLQHEPHK « « « c~RKRMFISTLIIIQPFIILAFSIM
9 ---- SLNFSLTFFS 5lSAPI._LVI.TI‘WLLPLMI.MASOSHI.SIEYTYR~ <+ -KKLYITMLILLQLFLIMTETIN
9 ---- SLNFSLLFFSDSLSTPLLILTMWLLPLMLMASQHHLSKENLTR - =+ KKLFITMLISLQLFLIMTFTIN
49 - DPLTTPLLMLTTWLLPLT IMASQRHLSSEPLSR - <« -KKLYLSMLISLQISLIMTETIN

S2ESLFYSNI
47 <

LSLPFILLTAILTPICIIISWNSITYL
LSYGLILLSLWICSLMLLASEMINKHNN

e+ «VKEFLVFLLAIHLLLIGVFETI2O
“cYKNLFLLNITILLLLLILTES10S

44 FSVLHFMLGIVHISLVVISSLNFKNNV ------- ce s s LNYFNLLMFIFIIIFYFCFF9
33 SYSFILLIVMSLFILGIIVISEKNNN- - LLILSEILVFICIIFFI186
33 ce++--LLILSGVLIVICYFFFVSs
34 FSELVYVYFVVLVLFFLS0
TM6 . TM7a
AUIUUTUTUTUUTUVVL bl % y W
133 ~~KASDGK1RIYA‘AYKFFI QASQLVﬁL‘IAILALVFVMVNAYG--VWTFNV-~~~EEI.I.N1-PMSSGVEVLLML6FFIA)iﬂ
133 ~KASDGKTR I TAATKFF I QASGLVML I Al LALAFVHFNATG - - VWTFENY - EDLLKT -PMSHGVEYLLMLGFF I A230
M2 ARDLLVFYVFFRBAALIPALLMLYLYG - - -« - - ---- GEGR IH_A‘LYTFVL LVG LP”: AAVLGARLLSGSPTFLLEDLLAHP -« -« - o wunn LQEEAAFWVFLGFALA200
116 ARDLILEYVFFERWALIPSLLMLAVYG - « <« -« -« - v o GPHNMRKLVKFAA LLG LfMLLSFlGYKWLGGSPTiALPDLLAHP VGGVAQTWLYLGFLAA24
132 AYDLILFRIFFRLTLIPMYFIIGIWG - - « « « <« v v w GEDRIV‘QAV(FVL LVG ll“}-vﬁlLVLGCAAGDAVNGGVFTTDV-- FKLLAY -NVPLAAQGWLFFVFALA2ZG
126 ALOLFLFYLFWERGML | PMYFLIGFWG -« « « « « « « v v v s uDRKvYAIANKFiI. FFGSLFLLLGIASILVYGYFETGKISFDYFFHLG - ««««LDYPLWLELIAFLLFGIG21B
160 OGAGRSR’AAVKFLL LFGGLIMLAAVIGLYVVTAQYDSGTFDFREIVAG--VAAGRYGADPAVFKALFLGFMFA258

139 L YFLIGGFGDR AHEHGEKTAATQRSY AAVKFLLYNLAGGL IMLAAVIGLY VVAGNFSLTEIAEARAN - - - - - - - GSLDMATSTERWLFLGFFFA242
130 GKDRIYASFKFFLETFLGSVLMLYAMI AMYRMAGTTOIPTLLTFOFPSENFRLLGM- TVVGGMQMLLF LAFFAS228
130 GKERIYAAFKFFLYTFLGSYLMLVAMYAMYMMAGTTOIVTLMSFOFPHADLPFLGWWTLTGGVQTLLFLAFFAS229
134 GONR I YAALKFFLETFFGSVFFLLALIYIYSKIHSFOLTNILELIG- - NIPLFAQKI LWWAIFIA22
n3 YGSLEAAYKIVLETMAGSLVLLPTLEMIYSECGTTNVLYMTCAYN - - HQTVLGWGLLAVISS
179 SSNKVRASFYIFL LLG LFI,';LSILYMSSIMGTYVFDALLKSNF-- ~+«DYTIQIFLFCGIFIA2S
131 ALDY I SFRILFBATLPLLFILIHIYG--cvcvvnnn- SSOSERASFYVLMETLSGSLFMLLSIVVISIVLNTTNFINHNLFVL - SLDLQT I IWLGLF I A2I7
BACLOLVSFEYILFRSTEAPLFLLIGIYG - - -« ANNKNKAAYYVL | LAS LF”‘L’LSIVIVYIIINSTDVIVINNIIL- SINLQSLLFIGIIIG20
136 <. -SRQRKIKAAYQFFLETLLGSLFMLLAILLILFQTGTTOLQILLTTEF- SERRQIFLWIAFFAS223
136 < -SRQRKIKAAYQFFLYETLLGSVFMLLAILLILLQTGTTOLQILLTTEF- SERRQIFLWIAFFAS23
136 <~ SRQRKIKAAYQLFLYTLLGSVFMLLAILLILLQTGTTOLQISLTTEF- SERRQIFLWIASFAS223
136 ~---SRQRKIKAAYQFFL F“I‘LAILI.ILLQYGTTDLQILLTTEF- SERRQILLWIAFFAS223
12 ATELILERIMERI TEIPTLIRETRWGN - - - < - - - - - - QAERLNAGTYFLF MTWANY SWWL AC L L A202
N2 ATELMLFEEISFRATLIPTLILETRWGN - « -« - - - - -« - QPiRLSAGIYLlF L ASWTSLLSSLALLMA202
12 ATELILFY I LFBATEVPTUI L TAWGN - - -« o oo e s QTERLNAGLYFLF LPLLVALVY IONTTGSLNFLIIHYWSHPLS <« -« - - NSWSN | FMWLAC | MA202
112 AMEL I LEN I LFBATLEVATLINETRWGN - -« <« oo v oo QTERLNAGLY FLFHITLAGSLPLLVALIYIQNTVGSLNFLMLQYWVQP - <« oo ovv VHN SWSNVF MWL AC MMA 202
12 ATELIMER I FRRTTLIPTLALLTRWGN - - -« oo oo e QPERLNAGTYFLFETLVGSLPLLIALIYTHNTLGSLNILLLTLTAQELS- “NSWANNLMWLAY TMA202
130 SLNILLEMIMFBG I LI PMELMIG IWG - - - - - - - - - - SRKEKERAAFYFFFETLAGSLFMLLG I FTIYKHTGTLOYTILS -LQT-vvvenonnenn LPSELQFWVFIGFFLS217
106 o YQPERLQAGLYLLF LLv I.P“.’,‘IGIFLLMNKIGSMNVVLMNNfMFN< ««--YDLLYFCLLCAM%
A

100 ~---YQYERFKAGFYLFV IFFSLPFFFCLLSLNNFKFMFMYYFDYLNNLN «««<FYFYLFLMMI 183
87 PSNMMMLYIMF FIIL SMFP I LVMILGYGS - - - - - - - -« - olexluazvvmr AAFCSFPFELFVYFKSNFLLVFTYYNFVISWEM- - FFILSLS166
87 L L YYLLFMASLCSFPELY VYYKSNFMLSLCYFDFFMNWEL - - FEVLTLS166
81 FAMLGWGN - - - = = o - o o - QPERLMAANY LVVEIT LMFSFPLLVLI IRFLVDCSVVGWASVVWYNS - - VVMVMMLL P162
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TM7a
~

Ecoll VVPLHG! PDAHSQAPTAGSVDLAGILL AAYGLLRFSLPLFPNASAEFAP I AM
Kpneumoniae VVPLHG PDAKSQAPYAGSVDI.AﬁILL A_AY LLRFALPLFPNASAEFAPI AM
Tthermophilus LFPLHAWLPPFHQENHPSGLADALGTLY
Ouadicdorss. LWPLHAWEPDFHEQNHESG | PDVMGTLY
Remarinus LFPLHT PDAHVQAPTGGSVILAGVLL
Aaeolicus MWPFHT POAHVEAPTAGSVILAGVLL GTYGFVRFSLPFFPEASKYYIPLIFT
M.tuberculosis LWPFHR PDAAVESYPAYAVLMMAVMD IVGTF LRYCLQLFPDPSTYFRPLIVT
$.coelicolor LFPLHT PNAMGESTAPVAVLITAVVDRVGTFAMLRFCLQLFPEASKWATPVILY
P denitrificans WPVHT PDAHVQAPTAGSVLLAAVLL GGYGFLRFSLPMFPVASGVAQPYVF
Reapsulatus MWP VHTWEPDAHVQAPTAGSVVLAAVLLEMGGYBFLRFSLPMFPVGAETMTTFVF
Rprowarekii IPFHT POAHVQAPTTGSVILAGILLBLGGYGFLRVLLPLFPNASQEFAIYVIY
Creinhardtii LMPVHL PEAHVAAPTAGSVLLAGVLL LGGIGFLRFMLPVVPEFCVSVFPLVST
Nerassa TIFLNN LKAHVESPLGGS IVLAGIVLELSLYGIFRLILPLLPKASLNYTYIIFV
Ylipolytica LFPIHV PVVNSESPlAGSMILAgLIL LALYAILRLLLPLLCEAQILYTPMIY I
P.pastoris LMPVHT P'VNSES’PLGGSILLAGVIL LAIY@VIRLLLPNLSEISMMFTPIIY I
Athalians PEAHVEAPTAGSVILAGILLEFGTYGFLRFSIPMFPEATLCFTRPFIYT
Buvulgaris PEANVEA'YAGSVH.AQILL LGYV FLRFSIPMFPEATLCFTPRPFIYT
N.tabacum PEAHVEAPTAGSVILAGIAL LGTYGFLRFSIPMFPEATLCSTPFIYT
Taestivum PEAHVEAPTAGSVILAGILLMLGTYGFLRFSIPMFPEATLCFTPFIYT
Xlaevis LYGTHL PKAHVEAP I AGSMVLAAILLBLGGYBI IRISIT-LSPSMKELAYPFLI
Ggallus LYGLHL PKAHVEAP I AGSMLLAALLLELGGYGIMRVTL -LMEPVSNFLHYPFLT
Sscrofa LYGLHL PKAHVEAP I AGSMVLAAVLLELGGY MR I T-TILNPLTNYMAYPFLM
Braurus LYGLHL PKAHVEAPI AGSMVLAAVLL I.G;GY LRITL-ILNPMTDFMAYPFIM
Hsaplens LYGLHL PKANVEAPIAGSMVI.AAVI.L LGGY MRLTL - ILNPLTKHMAYPFLYV
Aaurita PQAHVEAPVAGSVLLAGVLLEMUGGYGFLRFSWTLFPVASQYFSPVIIL
Omelanogaster FFSYLWEPKAHVEAPVSGSMILAGIMLILGGYGMLRV IS -FLQLMNLKYSFVWIS
Apisum 9KANVEAFIC6$MH.AQIML LGG; IYHILM-LVFKVNIMFNYLLIS
Celegans IYFLHL PKAHVEAPTTASMLLAGLLLEBLGTAGFLRILG----SLSFVHNNVWIL
Concophora VYFLHL PKAHVEAPTTASMLLAGLLL LQYA FLRIMN - - - -SMSFIYNNFWIL
T.spiralis VY LFHL PKAHVEAPVLGSMILASILL GGYGLVKVSG - - -LNVGSGCVFGLVG
*
™I T™12a
MUV MU
Ecoli 341 AVIQMI AHGLSAAGLFILCG-QLYER INYIDMRMMGGlWSKMKWLPALSLVFAVA'LGM

Kpneumoniae Eo Ll
Tthermophilus 311
Dsadiodurans 315
Rmarinus 337
Aaeolicus 329
Mtuberculosis 369
Sccoelicolor 353
P.denitrificans 339

Reapsulatus 340 AIFQMLSHGF ISGALFLCVG-VIYDRMHTRE | AAYGGLVNRMPAY AL I FMFFTMANVGL
Rprowazekil 333 ALFOQMLSHGI ISSSLFLIVG-TLYERLHTKE | AKYGGVANKMPILATFFMI AMLSSIGL
Creinhardtil 306 SSFLMIAHGL I SPALFLIVG-ILYDRAHTKFILYFSGLGASMPIGSTLFFLFTLGNLAF
Nerassa 376 GILLGLAHGFTSPALFFIVGGVLYDRSGTRLIHYYKG!I AQMAPLLSLLFFIFSLANCGY
Yiipolytica 328 SIVLGVAHGFVSPALFLIVGGILYDRYHIRIVNYYKGLTTYMPQLATY I | ILSFANIGT
P.pastoris 33 SLILCLAHGFVSPALFILVGGILYDRYHNRLINYYQGLSTFMPIFSIYLVVFSFCNTGT

Athakiana 33 SILLMLSHGLVSSALFLCVG-VLYDRHKTRLVRYYGGLVSTMPNFSTIFFSFTLANMSL
Bulgaris 334 SILLMLSHGLVSSALFLCVG-VLYDRHKTRLVRYYGGLVSTMPNFSTIFFFFTLANMSL
N.tabacum 334 SILPMSSHGLYSSALFLCVG-VLYDRHKTRLVRYYGGSVSTMPNLSTIFFSSTLANMSS
Taestivum 334 SILLMLSHGLVSSALFLCVG-VLYDRHKTRLVRYYGGLVSTMPNFSTIFFFFTLANMSL
Xlaevis 313 AMILNTSDGLTHSALCCLAKYQSYERTHSRALLLSRGLETILPLMGTWWL | SNLANMAL
Goallus 32 AMILMISHGLTSSLLFCLAN-TNYERTHSRILILTRGLQPLLPLMSVWWLLANLTNMAL

Sscrofa 3
B.taurus n2
Hsaplens 312
Asurita 328
D.melanogaster 300
Apisum 293
Ceelegans 73
Concophora 73
Tspiralis 270

TM7b
MM WU

AVIQMI AHGLSAAGLFILCG-QLYERLHTROMROMGGLWSK I KWLPAMSMFFAVA'LGM
GLYLLAASGVYTGGLFLLAG-RLYERTGTLEIGRYRGLAQSAPGLAALALILFLAMVGL
AMYLLAFQNLYTGALFMAVG- -MLQERVGSLDTRVGGVMNQAGALGGLTLALWFASIAV
AlLIQMINHGLSTGALFLLVG-MLYERRHTRLMEEFGGI ARVMPVFAFFLVFTALASAGL
AIYLMIAHGLSSAALFLGAG-FIYDRIHSYHMODLGGLARY IPYFTFAFFLAVLAGIAF
STLYMLNHGLSTAAVFLIAG-FLIARRGSRS | ADYGGVQKVAPILAGTFMVSAMATVSL
ATLYMVNHGISTAVLMLIAG-FLISRRGSRLIADFGGVQKVAPILAGTFLIGGLATLSL
AIFQMLSHGF ISGALFLCVG-VIYDRMHTRE IDAYGGLVNRMPAY AAVFMFFTMANVGL

ATALMI AHGLTSSMLFCLAN-TNYERVHSRTMI LARGLQTLLPLMATWWLMASLTNLAL
ATALMIAHGLTSSMLFCLAN-SNYERIHSRTMI LARGLQTLLPLMATWWLLASLTNLAL
AVILMI AHGLTSSLLFCLAN-SNYERTHSHIMILSQGLQTLLPLMAFWWLLASLANLAL
AlILMULAHGFVSSGLFITVT -NLYDRFHTRIIRYYKGVVYTMPIYSTLFFLLILANIAF
SYTLMIAHGLCSSGLFCLAN-VSYERLGSASMLINKGLLNFMPSMTLWWFLLSSANMAA
SLILMFGHGLCSSGLFCLSN-ICYLRFKSRSMFLNKGLINIYPFLSFWWFLLCSSNMSF
SVMLMLAHGY TSTLMFYLIG-EFYHTSGSRMIYFMSSFFSSSMIMGILFSVVFLSNSGY
GLMMMLAHGY TSTLMFYVIG-EFYHVSSSRMIY FMNNFMSSSMMISILFSLIFLSNSGY
VVCLMLSHGVLSNSMEFMVG -MLSGSSKTRLLFKQQGLLRLSPVVWFFLVFLLFMGSSV

: TM14 :
AUNVUUTUL TV

SMWGMIMTSSICLRQTOL
SLWGMIMTSSICLRQTOL
SLWGMIMTSSICLRQTOL
SIAVIYASLSTCRQTDA
SLVGGVLVSLVCLRQTOL
LLGMFILSLVEFFQSODL

VIGIFYGAWMAFAQTDI
VIGIFYGAWMAF AQTD !
AALSALYGAWVAF AAKDF
AAFTALY AAWI AFGQTNW
AVVG I VYGALVSRVQADA
SVVAVIYAAMMAI AQTHM|
AIIGVIYGAIVAIGQTDMMRL I
AVISIIYGALLAVGQRDI
SAIAIVYTSLVALAQSDM
SAVAIVYTSLVALAQEDM
SVIAIIYASLVALAQKDI
LVSFLFSTLSTLRQIDLK
VITIIYASFSTLRTTDI
SLLTIILTSLATLRQIDL
SILTLIYSSLITLKQTOL
SALAIIYTSLTTLRQIDL
SAIAIIYTSLTTLRQIDL
SAILAILIYTSSTTLRQIDL

LLFLSLLSAVTTVVQNDL

TM12b
MUV
FMILFGSFQVV - - - -

FMILFGSYKVV -
LTLLGAY KAS - - -
FSILLGAYQVS - - -

RLI
RLI
TLL

LL
KLV
RLIA

™13
U
PVITVISTFGLVFASV
“PVITVISTFGLVFASYV
“PWLAALAFLSVIASAA
~PWLTFIAGLTTIAAAA

FMILLGSFKSALVGHPLLIALATSGVILAAV

FLILLGIFEKF---

FLSLLGIYKVN- - -
LCMVS I FAVH - - -

FLILVGAFQRN- - -
I TIMTALFNWS -
LTIMVALFNWS - - -

ISLLNSIVSWS -
LFLLISLMIWL - - -
FLVIESNSMLIS - - -
FMIVIENNY MMS -
VsYVvVCCVsvVC - - -

-PVWAFVAGIGMVLGAA
“WLAAAFGVTALVLSAV

==PVIGIIATLGIVLAAL
~-TWVALVATSGVILSAA

~TWVALFATSGVILSAA
~VVTAFILAALGIILGAV
SELLAYVFCVCQVLGAA
“PLLGLLASSSIVFSAA

“+PIIGGISCISVLLAAI

“PIIGSLTAASVLLSAC

“SLVATLAALGMILGAA
“SLVATLRALGMILGAA

~-SWTIILTDLGTLLTAS

“SPTIITLTGTATLLTAS
“NITIILMGMNMMI TAL
SNITITLEMGVNMVITAL
“NITLLLTGLNMLVTAL

“-LLAILCPLAGMVLSAA
“<WISMILLSFLSFFSAA

“DYFYIFYLLIMILMFL
~KSMFVMIFIYFVVSFY
“KLLFFFIFLYFMVAFY
“SYNLVLLVLLFVVLLY

Ecoli 447 KA----KSQIASQELPGMSLRELFMILLLVVLLVLLGFYPQPILDTSHSAIGNIQQWFVNSVTTTRP - - -
Kpneumonise 447 KA- - - - KSE| AAKALPGMSLRELS| ILLLVVLLVLLGFFPQPILDTSHAAMSNIQQWFVNSVSTTRP - - - -
Tthermophilus 417 €G - - <+ -GSGVKDLAGAEWGFALLSVLALLLMGVFPGYFARGLHPLAEAFAKLLGGGA seee

D.radiodurans 420 GR - - “PLGAVRVPDLRGTEWLVLGLPLLAALFFGVYSAPVLNLMQPAVRAALSLVGGQ -
Ramarcinus 447 Pl ----QKEVN-RTLPDLNAREVLLLVPLAVFMLWIGVAPGPFLKRTEPTARFLLETVEQKRLAALEEAEQPVPAASARLEVSEGETVRI

Aacolicus 435 EESIPEERVEKWKKLKDLELHHAIPFALI IGMALVMGIYPYPFVKIVEHTSKLVFGG -
Miuberculosis 475 PV« < - - - - AEGNER IGDLVGREMIVVAPLIALLLVLGVYPKPVLDIINPAVENTMTTIGQHDPAPSVAHPVPAVGASRTAEGPHP - - - - - -« o oo
S.coelicolor 459 PV -onn KAEVNGMPDLRVRELVVVAPLVALLIFLGVFPKPVTDIVNPAVEQTMSOVHKTDPQPEVEAAK

P.denitrificans 445 QL - - - - IKESL-KSITOMTPRERWVFIPLIAMTLILGVYPRLVTIDVTIGPAVAALVQDYNQSQPAAPVATAQASH - - -
Reapsulatus 446 EL -~ - - VKESL-KTISOMTTREKAIFAPLVAMTLLLGVYPSLVTDLIGPSVAHLVQNYHADLGTLAQATAGN
Rprowazekil 439 El - - - -TNTEI -KHFRDLYKYEIISIAPLILLIIYFGLMPNSILNVFHLSVENLLIKF

Creinhardti a2 Le-- RGPADVTRTEFHTVLPLLIGAVWLGIKPMA - - - - - - - - o mnmocannnn

Ncrassy 483 GS - - - -FSKFFENSIIDLTKREFYALIFLGVLVVFLGIYPSIILDGLHYNVSSLIYSYGCKFCLG-
Ylipolytica 435 “SIYMHRTINDVTIREKFIMNILIISTLIIGICPQIMYNLLYWTVNNY IY I«

P.pastoeis 438 ~SQYLHITNDVTNREIFLLNWLLIPTIIIGIYPSFVINILNLASSTLIYSVLI -

Athaliana 440 ~KPDFL-HKFSDLNGREVFIFIPFLVGLVWMGVYPKVFLDCMHTSVSNLVQHGKFH

Buvulgaris 440 ~KPDFL-HKFSDLNGREVFIFIPFLVGVVWMGVYPKVFLDCMHTSVSNLVQHGKFH

N.tabacum %40 ~KPDFL-HKFSDPNGREVSIFIPFLVGVVRMGVHPKVFPDRMHTSVSNLVQHGKFH

Taestivum 440 ~KPDFL-YKFSDLNGREVFIFLPFLVGVVWMGVYPKVFLDCMHTSVSNLVQHGKFH

Xlaevis 420 ~PEHLNAINPTHTREHTLMTMHLIPIIPLMMKPELIWGLFF sese

Gagallus 418 “SHITTTPNSNTREHLLMTLHIIPMLTLILKPELISGTPL

Sscrofa 48 THHINNIKPSFTRENALMALHILPLLLLTLNPKMILGPLY

B.taurus 418 ~TYHINNISPSFTRENALMSLHILPLLLLTLNPKIILGPLY

Hisapiens 4B SLT------ HHINNMKPSFTRENTLMFMHLSPILLLSLNPDIITGFSS

Asurita 434 “YPSSFLQFARDVNRRELWPPLLLIVLTITLGVMPTCLDLTLCLPY IY

Dmelanogaster 406 KLFS - -« -« GVYSFSSGKIREYLLMLLHWLPLNLLILKSESFMLWLY

Apisum 3% =+ -MNYLVY INLTEYLLLFMHWLPLNLIFLIMELFC-

Celegans <« ~YHNFNTWNVGFSAPLVLMMYNVFWLSVFY - - - -

Concophora 379 === -MLNFNNNNYGLSLFMIVMMYN I FWLTMFF - - - - -

Tspiralis 376 KLSG=~==aonne SLYVGWTLCOLVVSGWMPCLVLLYWFNSALLY -« o v v vt nn ettt st aaaaaaeatttnaaacaaaas

w
GFVLIAIYTGS -QLAYQG34a
GFVLIAIYTGS -QLAYQG34a
GVAALGVFSGT - PEGAMG3ID
GFVALGLFSMN-ETAVIG314
LGFVVLG!FAFT-VEAMQG336
GLVTLGTFAMN - SDALNG328
FGF11AGIFVMT-TQGQSG¥%E
FGF I IMGIFAMT-5Q6QSG352
GY VTMGVFAAN-Q1GVDG338
YVTMGIFAAN -QQGVDG339
GYVTIGIFSFT-EIGISG332
SMVTLAIFSQS-EFSAYS30S
AAVYLIGVFSNT - 1QG I EGITS
GIAILGVCSNT-SLGIYG327
LAVCMIGIFANN-LIGING330
NLVTIGMFSPN-1QGIGG333
NFVTIGMFSLN-1QG 166333
NLVTIGMFSPN-1QG1GG333
NLVTIGMFSLN-1QG1GG3
GLVISAGNNQTPMKALTG312
GLVIAASMIQT -QWSFSG3N
ALVIVAIMIQT - PWS FMG3N
ALVIVAILIQT - PWSYMG3N
ALVVTAILIQT - PWSFTG3N
GLVTIAIFSRT-SEGLVA3T
GIVLSGLLTMT -YWGLC G299
GLVIIGFLTLN-NWGY F G292
SFLLLSLVFIT-MSSKIS272
SFLLLSLSLLL-ISGKVA2
TMVLGLVVMGF - EVLDSA269

SLAMLHR AY F Gase
SLSMLHR AY F Gase
ALTAFQKTFWE4IE
ALTAFQKTFWE4IS
LLWLLYRTLFGaE
SLYMFRKVMLEa3
LWLYQR VMT G474

ALWLYRRVVFGads
LKLY KEVML G438
FWAFNRVVHGA1Y
S1FLFNRVAFG482
LKLTNKLTGG434

SLWLYNRAVSG43S
SLWLYNRVVSGa3S
SLYMFLMTQRGA41S
TLYMLLSTQRGM17

SLFLITSSLMG37E
SLFLIVAAFAGIE
PLWF VCMLAVG37S

474

49
553
523
s13
sz
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T™M1 TM2 T™M3

s Vot s s G od [ Ga G Vs Ga Gt G Gt 0 ‘ ‘ la Ga G g §
Ecoll 1 envens MNMLALTIILPLIGFVLLAFSRGRWS ENVSAIVGVGSVGLAALVTAFIGVDFFAN- GEQYVSQPLWYWMSVGDFNIGfNLVtDﬁlSlYMlSVVYGWﬁ 9%
K.pneumoniae L MNMLALTILLPLIGFVLLAFSRGRWS - ~~ENLSATVGMGSVGLAALVTAYVGVDFFAN- GKQAVSVPLW?WMSVGDFNIGFNLVLDGLSI.YH}SVVYG%G %
Tthermophilus L R R MALLGTILLPLLGFALLGLFGXRMR - ~~EPLPGVLASGLVLASFLLGAGLLLSGGAR - -FQAEWLP - -~ v v GIPFSLLLDNLSGFMLLIVTG 84
D.radiodurans 1 -ee-- MLMPLYLLPLLPLLGFALLMLFPRAFP - - - -~ GKSGSWLATVMVLLSFAVAVMRYLGQGDT - -AAHETLWPWLPNMALN - ANLSVGFYLDRLSSLMTLIITGIG 9%
Rmarinus 1 ---MNHTTLVGLILLLPLAGAVFNGLGGLAFRGLRRQKVLIGALATLAVAVPFVLALYLFLTYGG --EPLLARFFTWIAAGELELAFQYRIDELSLVMTLIVTG 0
Aaeobcus 1 «««-MSMMVELGVIFTPLIAFLIILLFGRKIG- -~ -« DLGSGI IASVGAGLTTLFSLVVALKAIHS - -« -« PVHVKLYDFLPIGNYTLSLGFYFDSLSSLMALVYTF 95
Mauberculosis TMTITSLGTHY TWLLVALPLAGAAILLFGGRRTOD - ~vvAWGNI.LGCAAALAAFGVGAMLLADMLG&DGLEIAIHQQVFTWIPAGGLQVDFGLOIDQLSM(IVLLISG‘ 103
Scoelicolor 1 ecaes MENLIALLVAAPLLGAVVLLCGGRRLD - <« < RVGHWIGTLLAAVSFVLGVVLFADLLGSGAEDRTLTQHLFSWIPVEGFQADVAFRLDQLSMTEVLLITG 9%
P.denitrificans LI MEKFVLFAPLIASLIAGLGWRAIG - CEKAAQYLTTGVLFLSCLISWYLFLSFDG -« -« VPRHIPVLOWVVTGDFHAEWAIRLDRLTAIMLIVVTT S N
Reapsulatus L ] MTTIILLAPLLGALIGGFGWRLIT - ~EKGALVVTTGLLFLSCILSWVVFLTLPA ETOMINKLDWIRSGAI.DYSWGIRLDRLTAIM[IVVTY 9
R.prowazekii 1 -« -~MIHONLAIMI T ILPLYSSI INGLFLNIID -~~~ KKLAKITAISFLSLSALFSLVIFCDVTLVG- --KIINIKLLPWIEFKNLQVNWSlVIDOLTSI“!IAVYF 'S 98
Creinhardtii 1 veveneas MFLLSVFFPLLGGLVNTSPIARFLG -+ -HRGSSIITAIGCMVVAFISSVVIYYEVVFMG - - CAVSVDVFGYWFSVGTFNAGWI?NFDLLfANI‘lFYVIG,)‘ 95
Ncrasss L MYLSIIILPLLGSIVAGFFGRKVG - -VSGAQLITCLSVIITTGLAILAFFEVGFN---NIPVTINLFRWIDSEWYNILWGFQFDSLTVAMLIPVLI 93
Yiipolytica | EE R R MYNAISLIITILPCISWLFPLFFGRQLG- -~ - - VVFVTRM!‘STLIlI‘I’TLITYVVFVQLLGN---NNPINLELFNVLNIDYLBINVNFElDALT!TutlAlTTwi96
P.pastoris 1 MILLCIFTPFLGSLISGFFGRYIG- - - - - VINSSI(WIVCI.SIFVIS\I\ISTVILFID\IIFN-~~EltV'I’VNIMNWLNVEVLVVDWSFTIDI(LS\IS‘M_I.Vl’VV'I’B_SY 93
Athaliana 1 “MYLLIVFLPLLGSSVAGFFGRFLG - < ~SEGSAIMTTTCVSFSSILSLIAFYEVALG---ASACYLRIAPWISSEMFOASWGFLFDSLTVVMLIVYTS 93
Bulgarts 1 MYLLIVFLPLLGSSVAGFFGRFLG - -« - - SEGTAIVTITTCVSFSSILSLIAFYEVALG- - -ASACYLRIAPWISSEMFDASWGFLFDSLTVVMLIVVTF S 93
N.tabacum 1 MYLLIVFLPLLGSFVAGCFGRFLG KEGTAIITTTCVSFSSIFSLIAFYEVAPG- - -ASACYLR I APWISSEMFDASWGFLFDSPTVVMLIVVTFIS 93
Taestivum 1 MYLLIVFLPLLGSSVAGFFGRFLG - “SEGTAIMTTTCVSFSSILSLIAFYEVALG---ASACYLRIAPWISSEMFDASWGFLFDSLTVVMLIVVTFIS 93
Xlaevis “MNFPLIFNSSMLITISILILPILMSTFNMN -« - IMNLHHLIKTSVKTAFLISIIPLIIFLDQG---LESITTNFHWMNINTFODINMSFKFDIYSSIFIPIALFVT %
Gagallus SMETPLLLNTLTTLTLLTLLTPIILPPLLN

STNLYPNYVKTTVSYAFTLSLVPLLMFMHTG - - -QEMI I SNWHWMTLQTVELSLSFKMDY FSVMFEIPVALF
~-PSNYPLYVKTAISYAFITSMIPTMMF IHSG---QELI I SNWHWLTIQTLKLSLSFKMDY FSMMFIPVALF)
«--NSYPNVVKSlVASYFIISLFPTYMFMCLD-A-QEVIISNWNWATTQTTQ[SI.SFKI.DVFSMMFIPVALFV\T 97
< -GKGSNIVSCTCMLICLCVSLLLYHNVVLL ---ETGISINYWSWVSYNLFNTNLSFFVDSLSASMILAVNI 'S 93

LKNSPMSl'KTlKTAFI.lSI.IPYYIFIHSG-v-AESIATHWEWQFIPNFKIPISLKNDMVSMMFFPIALF% 98
T

<« -MNMFSSLSLVTLLLLTMPIMMMSFNTYK -
< <MTMHTTMTTLTLTSLIPPILTTLVNPNKK
Aaurita Y sdisslasiss MFETSIVLLPLISSITLLLNGRKLG -

1
toore

Sscrofa 1 ----MNPFASLTLTTLTILTIPIMMSNSNIYK-
1
1

Dimelanagaster L e T MCSISFVNLISMSLSCFLLSLYFLLN----DMIYFIEWELVSLNSMSIVMTFLFDWMSLLEMSFVLMLS 65
Apisum 1 “MIFFILGLLLIYFD----KFYFIEYMFFFFNSCMVLYVILLDWMSLMEISFVFLLS 52
Celegans 1 “MFVVSMWNLIFMVFFSISFLSFFLSMMMAG - -MSYSVYLSWD | FAWGS SNVNMIFLFDWVSLMELSEVLFLS 70
Concophora 1 .- e CMNILIYLIVMIFFFIVLMILFLAEMKLS -« =« ISFVEWDFFS -« ----- LKLNLYFNSLLESLILGIVT 58
Tspiralis LR MNLVSLVALVGVVVVIVWLVLAVGEFG- -~~~ IAALQVMSFVVSLSFDFGGCWYYVVLSLVVLLLA 61
- T.M3. -~ M4 V.4
WL '\ \"\‘\‘\ UL
Ecoli 97 FLIHMEAS RGEE - ------ GYSREFAYTNLFIAS VLADIlLLMY‘LG
Kpneumoniae 97 FLIHMEAS i << --GYSREFAYTNLFIASMVVLVLAONLLLMYLG
Thermophilus 85 FLIHVEA I GEIMGGDP - - - - - - - GYSREFAYFNLF I AMMLTLVLADSY PVMFIG
Diradiodurans 97 FLAHVESVSBMAHDA - - - - - - - KFTREFAFLNFFVSM VLADSY PLMFVG
Rmarinus 102 ALIHL GYWKHIFSYULNLFIFMMLNLVLADRLTLLFLG!
Aacolicus 9 TLLFVES IGEMRDEFG - - - - - KWVFKEYAYLSLELFAMLLIVLSONLLGIFFG
Muberculosis 104 SLIH | ¥SVGEMAEDP - - - - - - - DRRREFGYLNLFLASMLLLVVADNY VLLY VG!
Scoelicolor 99 SLIHLYSVARMEHDE - - - - - - - RRRREFGYLNLFLAA VLADNY LLLY VG
P.deniificans 92 AL MAHDONWTHDEHY KARFFAYLSFFTFA VTADNLLQMFFG
Reapsulatus 92 ALVHL MAHDENWTHHEAY KARFFAYLSFFTF A VTSDNLVQMF FG! - --PSANAAAIKAFVY
Rprowazekii 99 SYVH I ¥SLGEMAEDK - - - - - - - GIIRFLSFLSLFTFFMLMLYSADNFLQLFCG - --ESANKAAIKAFIT
Crelnhardtli 96 MAVHMYAC D lIMR <<~ -HLNLELGYLSYFTGF VAADNL L VML VG - --LSAVKSAQKAILY
Nrassa 94 SLVH I S <o ~HNQREFSYLSLFTFM VTANNY LLMFVG -+ -1 AANQ SAFLT
Viipolytica 97 SM E HQVREFSLLSMETFW VTGSNYFVLFVG! <~ -LQAMKSALSAVLM|
P.pastoris 94 FL HQQREFSYLSMFTFA VIGONYLILFVG < -FNAVKSGLSALL!I
Athaliana 9% SL <o - -HSPREMCYLSIFTFF VIGONFLQLFLG <«+-LQADKAAI KAMLYV
Bvulgaris % 5L S ~HSPREMCYLSIFTFFMLMLVTGONFLQLFLG ----LQADKAA!I KAMLY
Niabacum %4 5L -NSPRgMCYI.SIPYFF VIGONSLQLFLG < -LQADKAA!| KAMLY
Taestivum 94 5L “HSPREMCYLSIFTFF VIGONFLQLFLG <. --LQADKAAI KAMLY,
Xisevis 100 WS MISREFKYLLTFLVAMVILVTANNFFQFFIG << -AEPNTAALQAVIY
G.gallus 9 WS FITKEFTYLLTELIA T1IANNMFLLFVG! - -AEANTAALQAMIY
Siscrofa 98 WS IME : <o -FINREFKYLLLFLIT VTANNLFQLFIG ----TDANTAALQAILY
Btaurus 98 WS | 3 A <- - NINKEFKYLLLFLIT VTANNLFQLFIG ----ADANTAALQAILY
Hisapiens 98 WS I ME ES L wiliM ~---NINQEFKYLLIFLIT VTANNLFQLFIG < ---ADANTAAIQAILY
Aaurita 9 FLYHMES <~ --HTSREMGYLSLFTFF VSSQNYLQLFIG
Dmelanogaster eesxglr 3 “.--HINREIMLVLMFVLS 1ISPNLISILLG AGMLTALS
Apisum 53 5M s UNYDYN - -« v vv KSRELLLMNFF I MF 11sPNLISILLG LVTVIL
Calegans NnNGsy S MEGELN - - - - - - - MSREVFLLAGFVGS IMSPNLVSILLG KSLNAGTLTVLS
Concophora S9 LSWLVESTYBLDGE IN -« -« FNYHYFVLLIFVGSMFMLNY SNMVINMLI S SNSGAMNTALT
Tpiralis 62 SW! MGSS1--v-no- ELVRENVLMVVFVLSMLVVVVGKSFWVLWLG CNSSAMTT I MM
~ Tysl TM7a L I I .TM.8 LN Sy
WVdu G G G o WUV W
Ecoll 18) LAFALFILYNELGTLNFREMVELAPAHFADG - - - - - - - NNMLMWAT LML LG BAVGEEIA : AGVY LI ARTHGLFLMTPEVLHL

Kpneumoniase w; '.VAFALFILVNELGTLNFIEMVELAPQNFANG
T.thermophilus 169 FMLGMAI LWALYGTLSISELKEAMEGPLKN -
Dradiodurans 199 FMLGMFLLYKLYGTLSIPELAGQAAGTRVA-

282
----STTLQWATLMLLGBAVG PRP \ A VYLIARTHGLFLMTPEVLHL 282
----PDLLALAGLLLFLBAVG PEP | 7 WYLIARSSFLYSVLPDVSYA 269

“QSAIELACLFLLVEBAVG P A VTIRSHFLYELAPVASNW 299

Rmarinus 186 FLLAMFLLFREVGSLDFGALLADPAALPSG VVAAAVLLLFIBGATG 0 LYLFARISPLALAAPDVLVV 284

Aaeolicus 182 FIFGIIYSFYLFKTLEITQIFPKVEEVDKY - ALGVATMLLFGBAVG L VYMVARLY PMFEATPQTLKL 280

M tuberculosis 188 LAVGMFLTFSTFGTLSY AGVFAGVPAASRA <« v vvv VLTAIGLLMLLGACA ﬁ: I VRSGPLYNLAPTAQLA 286
|

S.coelicolor 183 LSIGIMLMFLWFGTFAFGPVLGGHGEAGLAAG - - - - ADEGKLTAIALMLLLAACG IVRSGAI FNGAPDAQLYV 287
P.denitrificans 183 FLLGIFGIYWLTGSVQFDEIFRQVPQLAQTEMHFLWRDWNAANLLGFLLFVBAMG A AGV CRMSPLYEFAPDAKNF 291
Reapsulatus 183 FALGIMGLFFLTDSIDMDVIFASAPELAKTELHFLAWEFNAANLLAVLLFIGAMG PP 4 CRMSPLFEYAPEAKMM 291

Rprowazeksi 183 FILGIITIIVYYGSANYKDVFSSAKLLSNTKIFVH---FSILDIICLLLFI PEPVEAL I HA. GV ARCSYLFEYSPIVLQF 288
Creinharduii 180 LMWGVLWVWYHLGSLEYDLLNVYSASGFVG - -« =« =« v vvmnnnn LSl 4 | \ V- - - - - - LHIHDEMF 266
Nrassa 178 LTIGMFVVLWTLGNLDYATVFSLAPY INSD- 5| TP | WVYLLMRSSPLIEYSSTVLLL 276
Ylipolytica 181 FVLGLCVIAYVFGTLNYSTIFATAYLINTD L IYLLLRSANILEYTPTVLFI 279

P.pastoris 178 LVLGLSYLVLVTGSVNYNTVFALGSYLDVN -
Athaliana 178 LALGILGCFTLFQTVOFSTIFACASVPRNSWIFCN-MRLNAISLICILLFI
Bavulgaris 178 LALGILGCFTLFQTVDFSTIFACASVPRNSWIFCN-MRLNAITLICILLFI

IFLLMRSSPLLEYTPIVLLL 276
FMIARCSPLFEYSPTALIV 285
FﬂIARCSPLFEVSPYAlIV 285

Notabacum 178 LAPGILGCFTLFQTVDFSTIFARASAPRNSWISCN-MRLNAITLICILLFI (FMIARCSPLFEYPPSALIV 285
Taestivum 178 LALGIFGCFTLFQTVDFSTIFACASAPRNEWIFCN-MRLNAITLICILLFI IARCSPLFEYSPTALIV 285
Xlaevis 184 LI LSMAWVAMNLNSWEMQQVFMLNSDNLTLP IFLLIRISPMMNNNQTALT I 278

SRR =

=

Gugallus 183 LILSMAWLASSLNTWEIQQITHPNQTPTLP -
Sscrofa 182 FVLSMAWFLTHSNAWDFQQI FMLNNECPNMP
Braurus 182 FILAMAWFLTNLNTWDLQQ!I FMLNPSDSNMP
Hsaplens 182 FILALAWF I LHSNSWDPQQMALLNANPSLTP
Aaurita 178 LI AAVI IMWYNYGS INFLSVLPISQFKFDW

IFLLIRTHPFLSSNKTALTT 276
F%lllFYPLMETNKlVQTM 276
F
¥
/Y

LIRFYPLTENNKYIQS!I 276
i‘.!llRSSPLFELSSI.ALIV 73

-

LIRFHPLAENSPLIQTL 276

<< =

Dumelanogaster 149 l’LlSlAwMLNVGSWNVI‘VLEIMONEFEMLMIG Y ‘_LIRFN!ILS-TSWLGOL 243
Apisum 136 | IMSMIWMLNFGSWNFILINYYMNLNYLFFIS- PP V| MIRFNEIFLT-FSFLNY 229
Celegans 154 LLVGIVWMINYGDWSFVAWMGKTSSMVLVS - - -« . I'VEVVILGWVVD--FWLNEM 244

Concophora 142 MFTFFSGSLFYG- - - - - YYFLSLEFLCGFS-
T.spiralis 145 LMVMVVTLGCSFVFDYEYVVYSSLSLVMFLG

1 MNFSNLLLN-NLVLMI 229
VLCVEKLGNCMS - VVWVNGL 232
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f) Subunit NuoL, part 2.

Excoll 283 VG I VGAV
Kpneumoniae 283 VG I VGAV
Tthermophilus 270 | AVVGL L
Dradiodurans 300 VAWVGGL
Rmarinus 285 VALVGAL
Aaeolicus 280 IVLIGAI
M.tuberculosis 287 VVIVGAV
S.coelicolor 288 VTIVGAV
Pdenitrificans 292 IVIIGAT

IGYMFLALGVQ- - AWDAAI
LGYMFLAAGVG - - AYWVAL
GYMFMAVGLG - - AYSAGV.
LGYMFMAAGVG - - AFFVSI
LGYMFVALGVG - -DKGGAMF
IGYMVLAAGLGPAGY AFAI
IGYMVLAAGLGPIGYVFAL

AL N SUPPLEMENTARY INFORMATION

“+~-HEQN| FKMGGLRK - -51 372
- -HEQNIFKMGGLRK--S1 372
---GEQDVRKMGGLWK - -HL 359
----EEQDVR AMGGMRR - - FM 389
SVIHAMHHVEHTLHERGHHGHLDPQDMRNMGGLGR - - FM 389
<««-HLYDIFKMGGLKK--YM 3N
«+«-EEQDMRRYGGIRA- - AL 378
-+ --DEVOMRRYGGLRK--YM 379
--+--HEQDMRNYGGLRK - - K1 381

Reapsulatus 292 VVYVGAVTAFFAATVEILVON -+--HEQDMRNYGGLRK--K1 381
Rprowazeksl 289 ITIIGG! LFAASIAIMQS «+««-EHNIFKMGGLIN- - KM 377
Coreinhardtié 267 VI IVGSL AFMAGVFIATQS < +GNQHI ARYGGSAH - - SA 358
Nrassa 277 CLWLGAI TVFS;LI LFQQ < ~DNQDFRKFGGLKN - - YL 366
Ylipolytica 250 1LWIGAL TLSAGLIA!CSN SIIHSILN- ~+~ESQDIRTYGGLLS--YL 370
P.pastoris 277 ILWLGGLSTLISGL | AMVSN SVIHSI IS ---EYQDIRMYGGFRQ- -F 1 367
Athaliana 286 I TSAGAMTSFLAATTG!I LQN SVIHAMS ---DEQDMR KMGGLAS - -SF 375
B.vulgaris 286 | TFAGAMESFLAATTG I LON ~+«-DEQDMRKMGGLAS - -SF 375
N.tabacum 286 | TFAGAM SFLAATTGI LON G - -DEQDMR KMGGLAS - -SF 375
T.aestivum 286 ITFAGAMESFLAATTGI LON LGYMIFACGIS--NYSVSV «~DEQDMR KMGGLAS - -SF 375
Xlaevis 79 CLCLGAMTTLFTAACALTON G_I.MMV'IGLI--'FOLAFF ---DEQDIRKMGGLQON - - SL 367
Goallus 277 CLCLGALSTLFAATCALTON LG'lMMVYIGLDv-LPQLAFL ~+--GEQDIRKMGCLQK - -TL 366
Sscrofa 277 TLCLGAITTLFTALCAITON LGlMMVTIG!N»-QPNLAFL ----DEQDIRKMGGLY K- - AM 366
Btaurus 277 TLCLGAIFTLFTAMCALTON IGLMMV7|G|N~-QPVLAFL,(THA'FF <+~ -DEQDIRKMGGLFK- - AM 366
Hsapiens 277 TLCLGAIRTLFAAVCALTON HL THAFF ~«NEQDIRKMGGLLK - -TM 366
Adurita 274 TALVGS | ALFAQ'I.LAON GFMVI.SCGIS'-VYSVAI.F"VNNAFF --DEQDIRKMGGIN| - -TQ 363
D.melanogaster 284 MLLLSGL FMAGLGANFEF GLMMS I LSMG - - FLKLAMF ~~NSQDIRLMGGLS IGIHM 335
Apisum 230 LMVISCL LMs‘LNAIFEF -+ -NNQDIRKMGGLID--YL 319
Celegans 245 LMVLSVL FMAGLGACFEF GLMMFSLSMG - -MVKIALF LLMHALFRALLEMSABCVIHGY KG - - =« = =« c v v mv v e WQDIRMMGN IMIT - -L 334
Concophora 230 MLLIGVF FFSSITALVEE FSMLTLGLG--LSFISFVH -+« -GQQDGRSYSYNGV- - FP 319
Tspiralis 233 LIVVGLLESLY ASLMAFFEF AMVMLMLLSG - - MY SLMV <« «ANQEVRMVTCVGYN- -V 322
TM12a TM12b
MUV AU
Ecoll 373 PLVYLCFLVGGAALSALPLVT - - EILAGAMAN - « « « « GHINLMVAGLVGAFM IFIVFHGKEQIH
Kpneumoniae 373 PLVYVCFLVGGAALSALPLIT - - EILAGAMAN - - -~ - - GHINLMVAGLVGAFM IFIVFHGKEQIH

Tthermophils 360 PQTRWHAL IGALALG
Dradiodurans. 3% PFTHVAALMGVLALS

LPLL -
1PIw-

AILAATLTYPF----GGVGFYVGALLVAVL
Al LAAAWAQ - - - - - - - SPWLYVIGLGVALL

FVLVFLGEERGH
YFLVWRGEYRGQV - - - -

Rmarinus. 39 PATRTTYLIATLALAGFPLT - EILFKAFEYGYNGHAY AWI AWILGVVTALL SYVLTFEGTPRWPMADQ - -
Aaeolicus 372 PVTYVAFMIGALSLAGVFPFS - - IVASMYEWSG « « « « « « VLGVLGTIVAFI EGFLVFHGRERWREIYD - « « « v v v v v
Miuberculosis 379 FVTVAY!DLAVLA? VPPF - Al lEDALGAGG - - - IRGSLLGGAALLSAGV: IVMLMTFFGEKRWTPG « « « « « = v v v v v
Scoelicolor mPVTFVTFGlGVLA;I FPGL - - KITEAAFAKGG - - -TEGWILGACALLGAAI VMLMTFFGEERWRNAPTPSPAKPDVEPAAETRGT 474
P.denitrificans 382 PLTFWAMMIGTFAITGVGIPLTHLG Al TESAYAG - - -« -~ - SGYAFWLLVIAACF LIFLTFYGKPRGDHHAN - -
Reapsulatus 382 PFTFAIMMIGTLALT VGIPFFSIGGVPVGFAGGL Al ILESAFAS------GNGFAFYVLVAAAGM LIFLTFYGEARGOHHKH -
Rprowazekil 37 PITYGNFLIGSLALIGIYPL - - - LILEATYSS -« -« cwu GSFMFIFGIITAIL ITILVFHGKTKLEKDVF -
Creinhardtii 359 MFTMLTLMVASLSL PELS TILNLAAICADP - - - 1 ADVAHTLLLLTAML LFYQCFMVDFSGSSVTP - -
Ncrassa 367 PLYVSVMLIASLS%VAKPVM- FILESAYGQFS - - -FSGVAVY I IATIGAIF VLYLTFLANPNGY IHFYRHFILYERLYVYVSYTG 461
Ylipolytica n PVTYICIY!ASLS‘JMAMPGL- IIIESTYGSYS - -~ ISNYVVYWIAYLSAVL ILYLTFYSNPNNNTITY -«
P.pastoris 368 PLAYTCIFIASLSLMAIPGL I1IESMYGEYT ---FSGFIIYWFALISATC LIYYTFLNNPNSPKY IY -
Athaliana 376 PLTY AMMLIGSLSLIGFPFL - VILELAYTKYT---1SGNFAFWLGSVSVLF LLFLTFLVPTNSFGRDI -
Buuigaris 376 PFTY AMMLMGSLSLIGFPFL - VILELAYTKYT .- - ISGNFAFWLGSVSVLF LLFLTFLVPTNSFGRD! -
Ntabacum 376 FFYVAMM(MGSLS_I FPFL - -~ VILELAYTKYT .- - ISGNFAFWLGSVSVLF SLFLTFLVPTNSFGRDI - -
Taestivum 376 PLTY AMMLMGSLSLIGFPFL - - - IVILELAYTKYT .- - ISGNFAFWLGSVSVLF LLFLTFLVPTNSFGRDR - -
Klaewis WPITTSCLYIGSLAET TPFL - AlLLEALNTSQTN- - - - - TWALTLTLIATSF VIFFASMGHPRSNPLSP -
G.gallus 367 FMTTSCLYIENLA':M TPFL--~vceceees LITENLNTSYIN----- TWALSLTLLATSF TLLVQTGHTRTPAITP - -
S.scrofa 367 PFTTTALIIGSLALT PYLT- LITEAANMSY TN - -« « « - AWALLMTLIATSL I IFFAFLGQPRFPPLVL - -
B.raurus 367 PFTTTALIVGSLALT PFLT LITEAANTSYTN -« -« - AWALLMTLIATSF I IFFALLGQPRFPTLVN
Hsaplens. 367 PLYSTSLVlGSLAE‘,A PFLT - - ITETANMSY TN -« -« « AWALSITLIATSL ILLTLYGQPRFPTLTIN - -
Aaurita mPISVVFIVIGSLSqA FPFM- - - LLLELSSQKYF -~~~ VIFGFWLGIFATLL LILRSFLQFONSPXIYW- -
D.melanogaster 336 PLTSACFNVSNLALC PFLA ILEIVSISNVN- -« - MFSFFLYYFSTGL LVYYSMTGDLNCGSLNM-
Apisum 320 PF(GLIFMF'LMSEC FPFFC LIFEYFLMMNLN-----FFFFFFFLFSFLL IVIYYLLMMNFSMFNYLM-
Celegans 335 PfMSSCFVVSNLAES PFLA LILEMSLMNELN - -« -« FLSLVMLFLSTGL LIYYVVWRDHVLSGSSN -
Concophora 320 LFMOVOL(V'LFC_E_( LIFSS ILELFFLNNN- -« -« YLLLSLLFFVSIFL LWKSLFVNFLKVXNNYS -
Tspiralis JHGFVLGSVILCLVVﬁC LTFTS SVCLSIKEDT «« v« v LFHLVNVVLFM IYVLMGGLSGKVFLNC - -
*
TM14 TM15
MUTVUL MLUIUTUTUWL

Ecoll -~ AHAVKGVTHSLPLIVLLILSTFVGALIVPP PQTTELAHGSMLTLEITSGVVAVVGILLAA 509
Kpneumoniae «~AHAGKGITHHLPLIVLLEVLSTFVGALIVPP -~~~ ~PQTTELAHGSVMTLEIASGITAIAGILIAA 509
Tathermophils < <HHPHEAPPVMLWPNHLLALGSVLAGYLALPHPLPNV-- - -LEPFL KPALAEVEAHHLSLGAEWGL I ALSAAVALL 503
O.radiodurans AHPHEADGLMRFPLGVLAALATLGGFLNIPAFLPSLGL - -PKHAF DTYLGRAIPQQLHHI PANAEWLLTVLAVVA 533
Rmarinus. “«VHPHESPATMTLPLWVLAALSLVGGFVGLPGVI AHGEWNL IHHYLGAS - - ««--GGGPVAEPELHAHVPLAI EWALIGLGVAILALI S5
Aacolicus ~+~KDVHEVEGVMTVPMGLLGFLTVLTGLFGLWLEHWY VG LIGGEEKGIHLSVALVSLGVAIAGIWLPW 511
Miuberculosis <~ AHPHEAPAVMTWPMILLAVGSVFSGGLLAVGG - - ~TLRHWLQ - - - - ~PVVGSHEEATHALPTWVATTLALGVVAVG!I 523
S.coelicolor ~PPHPHESPGLMT I PMIVLAVGSVGAGAFFSIGDR - - -« FMHWL EPITGHSHGOSPISAGAVTGATVACMVIGY 545
P.denitrificans < -DHAHESPPVMT IPLGVLAIGAVFAGMVYWYGPFFGDHHK - -VTEYFHI AGAHHEAAEGEEAEHATAEAPVEHAVADTATAEGEAAAEAEHA 549
Reapsulatus ««~DHAHESPAVMLAPLALLAVGSVLAGMVWYHSFFGDKVASFFNLPAAAHGEAHGTEHATEGHVPEAAMTAEAAHEAAMAGTMAMAEPAAEH 557
Rprowazekil «« «KMAHEPTKIMNNPLILLVAGSFFSGMIGYYLLSMDKPNGYFHESLFN . -« « LHIYKLLINHHPLY IKLLPMAVGIVGIIIG!I 529
Creinhardtii VRNVLPIlAMAIi.LLDIMI.KVWVGTN --------------------------- LLSGMLFFLPWGVKTLPFGLMVAGILTAT 49
Ncrassa 462 KEEFYLPKHMSKEINNLPRSVSGEGGFFLSLPLVILALFSIFFGFITKDIFIGLGSNFFIDNSLFIHP- «--~IHEIMIDTEFAVPTLFKLLPFIFTISFSLIAL 561
Ylipolytica <« -YNAHESNIY ITLPMFILAIFAMFAGWILKDIYLGVGTDFVGTHILPNN- -« «««ocwwon FSYFDTEFSITQFYKLLPLISAILVSILIV 526
P.pastoris - - «««INLKENDIVLITPMIILTILSIFGGYLLRDIYLGMGSP - ~-FNELFIHPN- -« -« NLSLIETEFSLPSILKVLPLITGLGGGLILL 523
Athaliana ~«SRCHDAPIPMAIPLILLALGSLFVGYLAKDMMIGLGTNFWANSLLVLP- -~ KNEILAESEFAAPTIIKLIPILFSTLGAFVAY 533
Buvulgaris ««LRCHDAPIPMAIPLILLAFGSLFVGYLAKDMMIGLGTNFWANSLFVLP- -« KNEILAESEFAAPTIIKLIPILFSTLGASVAY 533
N.tabacum ~~LRCHDAPIPMAIPLILLALGSLFVGYLAKDMMIGLGTNFWANSPFVLP - - e« ~KNEILAESEFAAPTITKLIPIPFSTSGAYVAY 533
Taestivum ~~LRCHDAPIPMAIPLILLALGSLFVGYLAKDMMIGLGTNFWANSPFVLP- - - KNEILAESEFAAPTITKLIPILFSTSGASLAY 533
Xlaewis INENNKTVINPIKRLAWGS | VAGLL I ASNMLP - ~INSPIMTMPTLAKQAAIIVSVTGLIIAM 503
G.gallus ««««INENTPPAILPIMRLALGS IMAGLLISSLILP PKTPPMTMPTITKTAAILIVTITLGIILAL 502
Sscrofa 0 M3 s s c s s s s s ciennaan INENNPLLINSIKRLLIGSIFAGFIISNNIPP . - SMTVPNTTMPLYMKMTALIVTIMGFMLAL S02
Brawrus 0 443 .- s s e s s s s INENNPLLINSIKRLELIGSLFAGY L ISNNIPP. - ~TTIPQMTMPYYLKTTALIVTILGFILAL 502
Msapiens = 443 - -------cc s INENNPTLLNPIKRLAAGSLFAGFLITNNISP ~ASPFQTTIPLYLKLTALAVTFLGLLTAL 502
Aaurita <~ KAAHESOWVLLAPLLVLAMGS I TSGFLLFNP - - - ~TLNNMVHPIIPVSIKLLPLLVTIAGGTTGL 500
D.melanogaster <« -LNDESWIMLRGMMGLL IMS!I IGGSMLNWLIFP “FPYMICLPIYMKLLTLFVCIVGGLFGY 470
Aplsum cec I IKFESKILIISMMFISFIMLFFGSFFMWLMFY “KFOLILLEFKFKILSVLILFFSIWFFF 455
Celegans 411 < iiiiiiiiii i ISDGWGLMMKSCVGLVVFSVFFGAL I SWLVMD ««ATLVSLPIHLKNLTLTVCFLGVILGS 468
Concophora 396 « + -+ s s s s csrsssnnnonan SSYVMNFLSLLLVIFSXVFLWWINMN - - -« ««««LFFVPSIFLYVDFYSPLYYIFMI I 445
Tspieais 396 v+ -~ ccccrrrrsrsrsrrrrrrren FSVSFAGVQVMVVPMLVMGWEL I MN - - - «+--FSMPCDPCFDVFKAFLLVTPFVMLL &5

WWW.NATURE.COM/NATURE | 41



doi:10.1038/nature10330

AL N SUPPLEMENTARY INFORMATION
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Tspirakis

HLa HLb

L™ g »o L™ -~ > & SN A LIS

VU VL TV U

510 WLWL - - “GKRTLVTSIANSAPGRLLSTWWYNAWGFDWLYDKVFVKPFLG!IAWLLKRD - « « - « « PLNSMM
510 WLWL - ~GKRTLVTSIANSAPGRFFGTWWFHAWGFOWLYDKVFVKPFLG I AWLLKRD - - - PLNSLM

504 GLWA - “G-FVFFQRKVFPAWYLAFEAASREAFYVDRAYNALIVNPLKALAEALFYGD -« -RGLLSGY
534 GVVG - ~+ - LGWAWLDHRHRMLANGPLGRVSAAALY LDNIYNGLIAAPSRGIARGLDVVD----RGVDAGL
551 GLYWSWT - ~AYRRHGLAYDDMLRERFGAFYRVWAAKYYWDEFYDRAIVQPLLRFARNGLAAFDQ--KVIDGAV
$12 PYYVK-+rvvrerrvrrrrrrrrrrrrerccrrrcrrrrrrrerrececes KVIDYNKAYESLKFIHTTFKEQFFTEKLYHNVVAGGYLTYSRSLYSTVER---LFIDGI

524 <+ - -MYGTAPIPRVAPVRVSALTAAARADLYGDAFNEEVFMRPGAQLTNAVVAVDD - - -AGVDGSYV
546 ----AQYGRRPVPAVAPRGSLLTRAARRDLLQDDFNHVVLVRGGEHLTRSLVYVDH---TVVDGVV
550 EN AAPVGGAIYMHPDNH IMDEAHHAPAWVKVSPFVAMVLGLITAWTFY | ANPSLPRRLAAQQPALYRFLLNKWYFDEIYEFIFVRPAKWLGRVLWKGGDG--AVIDGTI

558 AVAKAPQGAI FMAETNHVIHDAHGVPDWVKLSPFGAMVTGFFFAWLYY IGDKPLPGRTARALPGLYRFLLNKWY FDELFOLLFVNPAKSLGRKLWKGGDG--AVIDGAI
530 CLYKGSLSYQTLTNES --DQREKOWIPKSKCKMILVFISNVLRNKYYFDEIYNHLIIKPIHCLTYLFYFGDQK--1IDRFGP
492 AAVG = = = =+ e e e e e e eeeeececcccecccsccsccctttccccsccecenann SERFTLIRFCGSRWGFDQLFARSPVNPIFOLGRITWAIGDR - - - - - -« GL
562 VLSEK- YPNLVVHFKLSRLGYNLFGFFNQRFLVELFYNKYITNLVLOLGGQITKILDK-GSIELLGP
527 VLNEF FAIVENLNNKY INTVYSIFNQKLVSDQILNHFIIFKGLVTSGNI AHHVDK-GSLYRLGP
524 LIYE- FNYSLFLVYNNKNLSKLYSFFNQKIMFDQLLNNLILRSGLNIGWLLNVHIDR-GILQLFGP
534 NVNP - - ~VADQFQRAFQTSTFCNRLYSFFNKRWFFDQVLNDFLVRSFLRFGYEVSFEALDKGAIEILGP

< <VADQFQRAFQTSTFCNRLYSFFNKRWFFDQVLNDFIVRSFLRFGYEVSFEALDKGAIEILGP
~VADQFQRAFQTSTISNRLYSFFNKRWFFDQVLNDFLVRSFLRFGYEVSFEALDKGAIEILGP
“VADQFQRAFQTSTFCNRLYSFFNKRWFFDQVLNDFLVRSFLRFGYSVSFEALDKGAIEILGP

534 NVNL -
534 NVNP - -
534 NVNL -

504 DLSK - LTTYINQESKTNIHSFSNLLGFFPTI IHRMMPKTNLNLAQN | ATHLIDLSWYEKSGP
503 ELSS - LSYSLTPPKHNPLMNFSSSLGYFNPLTHRISPSILLHTGQKI ASHL IDMAWY KKMGP
503 ELNN - e TTYYLKFKYPSQTYKFSNMLGYYPS IMHRLPTYHNLSMSQKSASSLLDLIWLETILP

503 EISN - MTEKNLKYHYPSNAFKFSTLLGYFPTIMHRLAPYMNLSMSQKSASSLLDLIWLEAILP
503 DLNY - ~LTNKLKMKSPLCTFYFSNMLGFYPSITHRTIPYLGLLTSQNLPLLLLDLTWLEKLLP
S0 LLFW--+vvccrrrrrrrrrrrrrevrrrrnccescrrrcscsssnsssnse ITKRLWNIFLGSSSKKLYQFLVSAWDFDKIISNIIVVPIFKFGYKVTFKLFDTGIIETFGP
470 LISLSN .- ~LFFLNKSLFMYNLSTFLGSMWFMPY ISTYGMIFYPLNYGQLVVKSFDQGWSEYFGGQ

456 ELNN - - FLFSMSYMISLFNIFFFGLMWNLLFFXVNFFLNNFLSFGFFTLKVFEIGWIEYNFNS
469 FMSK - - - - - - ccccccceeeeeeeceeeceeeeceecccccccee SSYNFSTFNFEWMVWMSGSMWFLPY I SSQPLVYLPLTAGGAVSSLGDLG-WLELLGG
446 1 FSY - FVYYKILFKELIYKFLVDYFAKNVIYKVEKNLKFLDLWLNKIG-
446 FVLK - - VWVFSGVMNVDLYYGCLNSSVVGLKVFMLSFVKGMHVSG -

STONIPAVLSRFAGKGLLL -SENGYLRWYVASMSIGAVVVLALLMVLR
SIONIPAILSRFAGKGLLV-SENGYLRWYVASMSIGAVVVLALLMVLR -« - -
565 FGLGGAARSLGQGLAR - LQTGYLRVYALLFVLGALLLLGVMRW

596 SGVARNAGAPGALFAR -MQSGY VRAYALSMVLGTALIIGYWALKMIGRGGT -
620 NGVARLMAELGQRVRR - VQTGVVQAY AMAI VLGVALVLALMLFG -« « «
573 VNATYPIVELLGSVLKFFQONGRLSWYVMGLATGLTIIVLILFAITIRGGL -
588
609

NALATLVSQTSNRLRQ-MQTGFARNY ALSMLVGAVLVAAALLVVQLW- -

NGTAASVGGLSGRMRR - LONGFARSY AVSMFGGAALLVAATLLMRAV - -
657 NGVAMGL | PRLTRAAVRVQSGY LFHY AFAMVLG I VGLL I WVMMRGAH - -
665 NGLALGWIPFFTRVAGR IQSGY LFHY AFAMVLG I VALMFWVVR TGGMN -
NGFARVINYFCAVTCK-I1QTGY | FNYTLY IVSFIVVTISYFVLKNIY - -
LSVGNLRA - === s e e meeeo oo oo oo --
FGLEKVLIKWSKDIAS-LSTSIVINYALFILVGFILYVFTFISLLEGGLOLNLSLFILLLSLTSSTSSSDSKEGKMI KKAVVSTKNKNIR
VGINRLLNKASYNVIN-LSSNTRSSLSMNSMLILITIVSLLLLVLVMNVNFIIVIPVLISILYILFS
LGLWKLSTFISSKLNKLVFLNIGFILEIIVLSWLLIVFKVSLLKY ILLLIIFIIL
YGISYTFRRLAERISQ-LQSGFVYHY AFAMLLGLTLFVTFFCMWOSLSSWVDONRLSFILIVSSFYTKSSQE- - - -
YGISYTFRRLAER1SQ-LQSGFVYHY AFAMLLGLTLFVTFFCMWDFLSSWVDONRLSFIWIVSSFYNNKSSQE- - - -
YGISYTFRRLAERISQ-LQSGFVYHY AFAMLLGSTLFVTFSRMWDSLSSWVDNRSSFIWIVSSFYNNKSSQ
YGISYTFRRLAERISQ-LQSGSVYHY AFAMLLGSTPFVTFSRMWDSLSSWVDSRSSFILLVSSFLINKSSQE- - -
QGMVNQQLPMIKTTTIN- 1QQGLIKTYLTLFLMTSAIIITLF
EGLANLHLTMTKISTT-LHTGLIKSYLGSFALTILTTILLIQK
KTTSFIQMKMS IMVSN - -QKGL I KLYFLSFLITIMISMMUFNYHE - - - -
KTISLAQMKASTLVTN- -QKGLIKLYFLSFLITILISMILFNFHE ceee
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