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Acronyms

AA amino acid

Ab antibody

AR auto-regressive

CTL Cytotoxic T-lymphocyte

DPO Direct Preference Optimization
GAN Generative Adversarial Network
LLM large language model

LM language model

MD Molecular Dynamics

MHC-II MHC Class II

MHC-I MHC Class I

ML machine learning

MPNN message passing neural network
NLP Natural Language Processing
PDB Protein Data Bank

pI isoelectric point

PPO Proximal Policy Optimization
PWDM position weight matrix

RBF radial basis function

REU Rosetta Energy Unit

RL reinforcement learning

RLHF reinforcement learning from human feedback
SOTA state of the art

TCR T-cell receptor

VAE Variational Autoencoder



A Appendix

A.1 Background on ProteinMPNN

Protein folding prediction is concerned with finding the 3D structure that an amino acid (AA) chain will fold into. After
significant advances in this area - in particular by models like AlphaFold (Jumper et al. [2021], Abramson et al. [2024])
- the inverse problem, protein design, has also attracted renewed attention. Traditional approaches have been physics
based like the Rosetta Packer (Leaver-Fay et al. [2011], Fleishman et al. [2011]). The current machine learning (ML)
revolution is leading to a plethora of data-driven approaches using for example large language models (LLMs) (Ferruz
et al. [2022], Madani et al. [2023]), Variational Autoencoders (VAEs) (Lyu et al. [2024]) and Generative Adversarial
Networks (GANs) (Repecka et al. [2021]) to generate new amino-acid sequences. A particularly prominent model in this
space is ProteinMPNN (Dauparas et al. [2022]). Although is a relatively small model (around 1.7m parameters) it supports
protein complexes consisting of multiple chains, and parts of the produced sequence can be fixed upfront. This might be
particularly interesting when the user has detailed knowledge of the desired functional mechanism and wants to ensure
the necessary AAs are present.

A.1.1 ProteinMPNN data embeddings

The examples delivered by the above dataset are processed within the model to produce the following initial embedding
tensors that are then fed through the encoder and decoder which are updating these.

Edge embeddings: The edge embeddings tensor will have shape [B, S, N, D] (see main paper Table 1). The di-
mensions two and three determine which residue and neighbor the encoding in dimension four belongs to. Only during
ProteinMPNN training, Normal random noise with standard variation of 0.2 Ais added to the coordinates of each residue.
The nearest N neighbors (including itself) are then determined based on C, distance between residues. Then the coordi-
nates of the AA atoms are used to calculate inter atom distances. For each residue-neighbor pair, 25 inter atom distances
are calculated. Each of these is between an atom (N, C,, C, O and virtual Cg) of the residue and an atom of the nearest
neighbor (N, C,, C, O and virtual Cg). Distances are not encoded as a single numbers, but rather using 16 radial basis
functions (RBFs) with centers spread between 2 and 22 A(far distances - above 25 A- will have values close to zero in all
bins). So, at this stage each residue-neighbor edge will be encoded using 400 elements (25 x 16). These get concatenated
with a relative positional embedding. This embedding can be one of 66 different learnt 16 element vectors. One of these
vectors signifies that the neighbor is on a different AA chain, while the others signify that the neighbor is up to 32 positions
before or after the residue concerned (further distances are clipped).

Overall the concatenated edge embedding tensor now has a shape of [B, S, N, 416]. This is reduced to [B, S, N, D] by
an affine transformation.

Node embeddings: These are a tensor of shape [B, S, D]. They start out being zero and are first updated by the
encoder and afterwards by the decoder.

Token embeddings: These are only accessible by the Sequence Decoder. A sequence is represented as a list of
AA indices (e.g. 0 is alanine, 1 is cysteine, ...). These are embedded into a D-dimensional space resulting in a token
embeddings tensor of shape [B, S, D].

A.1.2 ProteinMPNN information flow

Here we examine the information flow in a training forward pass. A sample step is the same for the encoder but the
decoder needs to be called several times. This is a bit more complicated as it needs to be ensured that the decoder does
not access information that is not yet available. For clarity, the following description leaves out normalization, dropout
and activation steps.

Backbone Encoder

We now will discuss the Backbone Encoder. This is a message passing neural network (MPNN) consisting of a stack of
three encoder layers. It receives the edge embedding, node embedding, nearest neighbor information as well as a mask
that stores which residues have no known coordinates. The edge and node embeddings are updated by each layer of the
stack.

Within a encoder layer, at first a message tensor is produced. This happens by combining the edge and node embeddings
into a tensor of shape [B,S,N,3 x D]. For an edge between a residue specified in dimension 2 and one of its neighbors
specified in dimension 3, its last dimension holds the following three embeddings (each D elements): the residue’s node
embedding, the edge embedding, the neighbor’s node embedding. A sequence of three affine operations transforms this
into the message tensor of shape [B, S, N, D|.

Elements in the message tensor that are linked to missing residues are first masked out, before summing over its third
(neighbor) dimension. The result of this is then added to the node embeddings (skip connection). These updated node



embedding are then fed through a two layer fully connected network and the result added to the node embeddings again
(skip connection).

To update the edge features, again a message tensor is produced as described above (using different parameters for
the operations). This time, however, missing elements are not masked out. This message tensor is then added to the edge
features (skip connection).

Sequence Decoder
A decoding order is sampled (missing residues are first). Based on this a backward and a forward mask are generated.
An element in the backward mask is one if and only if a node’s neighbor has already been decoded. The opposite holds
for the forward mask.

The decoder receives the finally updated edge and node embeddings from the encoder as well as the masked sequence
embeddings. With those the tensor EXV of shape [B, S, N, 3 x D] gets produced. Its last dimension hold first the encoder
produced edge embeddings, then zeros and finally the neighbor’s node embeddings (each D elements). In addition, the
forward mask is applied to it (elements of neighbors that have already been decoded are set to zero).

Before the call of each of the three decoder layers, also another tensor ESV with a shape of [B,S, N,3 x D] gets
produced. Its last dimension holds initially the same elements at the beginning and end as EXV. Just the zeros in the
middle are replaced by the AA embeddings of the neighbor. Also, the neighbor’s node embeddings at the end get updated
with every decoder layer call. Finally, the backward mask is applied to ESV (elements of neighbors that have not yet
been decoded are set to zero).

Each decoder layer is then called with the node embeddings (by reference), and the sum of EXV and ESV. So the
following embeddings are available for each edge.

e The residue’s node embedding

e The edge embedding produced by the encoder

The neighbor’s AA embedding or zero if the neighbor has not yet been decoded

The neighbor’s node embeddings (encoder produced for not yet decoded neighbors)

The shape [B, S, N, 4 x D] tensor holding this per edge information is fed through three affine layers, resulting in a message
tensor of shape [B, S, N, D]. The neighbor dimension of this message tensor is summed over and the result added to the
node embeddings (skip connection). This updated node tensor is then fed through a two layer fully connected network
and added to itself (skip connection). After this all node embeddings linked with unavailable residues are set to zero.
After the last decoder layer, there is an affine transformation that produces logits from the final node embeddings.

A.2 PWM presentation predictor example

Let us assume the peptide SEELDKGEV and our hypothetical patient (see main paper Definition 1).
Once, we need to construct the position weight matrix (PWM) for 9-mers corresponding to the hypothetical patient.
For this we

1. Generate a million random 9-mers (5% change of each AA to be in each position)

2. Use netMHCpan (with a rank cutoff of 2%) to identify those that are predicted to be presented. We find that these
are 19.6% of all random 9-mers

3. We construct the PWM by counting the number of AAs at each position within random presented 9-mers. This,
divided by the number of random presented 9-mers is the probability of observing this AAs at that position. The
log of this is recorded in the PWM

4. We calculate the the sum of log-probabilities for each 9-mer
5. The cut-off is then the 19.6% (see above) percentile of these log-probabilities. In our case this is -26.48

For this we first use netMHCpan

For the peptide SEELDKGEYV, the probabilities for finding its AAs at their respective positions in presented peptides
within PWM are: 6.3%, 1.8%, 3.4%, 4.2%, 4.2%, 5.0%, 2.8%, 6.3%, 10.3%. The logarithms of these are -2.76, -3.99,
-3.38, -3.16, -3.17, -3.00, -3.57, -2.77 and -2.27. Their sum is -28.07 which is lower than the limit of -26.48 we calculated
as cut-off (see above). We, therefore, predict that the peptide is not presented. If in contrast the second position in the
peptide had been a proline, which was observed in 9.5% of all presented peptides, then the sum of the log-probabilities
would have been -26.43, which would be above the cutoff point and therefore predicted to be presented.



Table A1l: PWM for presented 9-mers in our hypothetical patient: Each column corresponds to a position in
the 9-mer and each row to one of the 20 standard AAs. The values are the log-probabilities of finding the corresponding

AA at that position in a presented 9-mer

A.3 Protein assessment details

Figures A1, A2 show the information for the specific validation proteins corresponding to the Figures 3, 4 in the main
paper. Then follow pages with detailed information about the generated designs for specific validation, specific test and

illustrative proteins (mixed and ordered alphabetically).

position
1 2 3 4 5 6 7 8 9
A | -292 | -2.75 | -2.89 | -3.00 | -3.04 | -3.04 | -3.09 | -2.82 | -3.20
C | -372|-4.63 | -3.52 | -3.72 | -3.59 | -3.54 | -3.47 | -3.32 | -3.69
D | -348 | -6.30 | -2.83 | -2.65 | -3.17 | -3.31 | -3.42 | -3.59 | -9.55
E |-334|-399 | -3.38 | -2.68 | -3.10 | -3.20 | -3.09 | -2.77 | -6.18
F | -2.65 | -2.87 | -2.76 | -3.20 | -3.01 | -2.92 | -2.95 | -3.07 | -1.87
G | -3.26 | -3.95 | -3.41 | -2.85 | -2.91 | -2.99 | -3.57 | -3.30 | -6.20
H | -2.75|-2.19 | -2.90 | -3.03 | -2.77 | -2.83 | -2.67 | -2.89 | -3.89
I -2.89 | -3.46 | -2.91 | -3.23 | -2.93 | -2.81 | -2.88 | -3.11 | -2.31
K |-283|-329 | -3.05|-2.93 | -2.84 | -3.00 | -3.18 | -2.89 | -4.93
L |-312|-285 | -3.03 | -3.16 | -3.06 | -2.99 | -2.87 | -2.96 | -1.88
M | -2.86 | -2.92 | -2.77 | -3.24 | -3.19 | -3.09 | -2.90 | -3.07 | -2.06
N | -3.02 | -4.36 | -2.91 | -2.95 | -2.96 | -3.03 | -3.01 | -3.09 | -8.45
P | -4.09 | -2.35 | -2.91 | -2.52 | -2.74 | -2.71 | -2.88 | -3.17 | -4.89
Q | -3.06 | -2.90 | -3.04 | -2.90 | -3.02 | -2.94 | -2.85 | -2.78 | -5.89
R | -277 | -2.33 | -3.14 | -3.12 | -2.88 | -2.97 | -2.98 | -3.02 | -5.14
S | -2.76 | -3.02 | -2.96 | -2.87 | -2.99 | -2.93 | -3.02 | -2.72 | -5.16
T | -2.92 | -3.16 | -3.13 | -3.00 | -3.00 | -2.85 | -2.89 | -2.66 | -4.12
V | -2.89 | -3.30 | -3.13 | -3.21 | -2.96 | -2.85 | -2.86 | -2.86 | -2.27
W | -323|-2.82|-2.97 | -3.11 | -3.02 | -3.18 | -2.90 | -3.53 | -2.24
Y | -2.54 | -2.41 | -2.70 | -3.19 | -3.03 | -3.05 | -2.89 | -2.88 | -2.11
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Visibility vs. quality of specific designs
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Figure Al: A broad performance range: This figure looks into specific valuation designs. In plot a) the quality of
generated specific designs (as measured by TM-score on the y-axis) gets compared to the relative visibility (x-axis) for
two Direct Preference Optimization (DPO) hyper-parameter selections after two epochs of tuning. Each point represents
a design for a specific backbone using the checkpoint. As for the specific test designs (main paper Figure 3), We find
that most designs have high TM-scores above 0.9. Not all of them are less visible than the original sequence (visibility
< 1.0) and we also see that the ProteinMPNN designs in red tend to have far higher visibility. Furthermore, some designs
also only show a maximum of 20% the number of visible peptides in the designs (red dashed box). In plot b) we then look
into the distribution of visibilities of designs for specific backbones. These are subset of designs from plot a) that satisfy
the condition that their TM-score is above 0.9. The dashed green lines represent the visibility of the PDB proteins.
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Figure A2: Quality indicators for designs: The figures above show the distribution of quality indicators for the
ProteinMPNN and CAPE-MPNN designs by specific validation set protein template. Each dot signifies a design. The green
bars in the background depict the range of values for identified naturally occurring peer proteins (only included if at
least five were identified). For all indicators except packing density and isoelectric point (pl), lower values are considered
favourable. With regards to pl, we want to be as close as possible to the template protein and with regards to packing
density, higher values are considered favourable (Stam and Wood [2021]). The figure showing ”rosetta total” is split in
two parts. The bottom part (range -4 to 1) depicts the normal range of values. To also depict the outliers that have
problematic values we also show a second log scale above.
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Figure A4: netMHCpan ranks for 1A3H designs

template

SVVEEHGQ S LV ER VILK'MS S/CLIWYCQF VIY “M'WLR IVF MY I DDPSVKEKVK

EAVE A YV IL S IYK A 'FF 'M  ELYGDYP VI Y IAN P WGN.I'P YA 'V 'IIR

N I'IV GTGT/SQ VH H'A QLA VMYAF' ' YA LRD AL IFV A AT VFL
VWI'FM L WA L'HK A LM ©/NPT AEL VREKIRES

e32b8ed0:epoch_10 - TM score: 0.993, Seq Recovery: 0.51, Visibility: 0.43

DF T IKDG LV E V' LKGVS SD L \ LK DNWGINIYRA NVDRDNG L L
IDACEKND IYGVFDLHNG NTGNPNDNID LDKE M YG K I Y INNEPNGA DVTWDTDI P YA VIK
ENDKDNIIIV G A V  SAAD KL MYAFHA' A LDKKMED VK AQ IFMSEWTTAN WNGDG VHL
LWD'M TYWA D N L RTSGASPDGG WSD QL VAKRIRDS

e32b8ed0:epoch 20 - TM score: 0.979, Seq Recovery: 0.38, Visibility: 0.14

DDVDDNGKLS VKDGKEV E LKGNS SDDNNKDGDY DNKDNIDDDK NEDG NI VDGGGRD DDPSTKDKDD
DSNDACEDNN IYGDSNNNNG NDGNPND K MDEKA K YG K I Y IDNEPNGD DVTWDDDI P A VIK
ENDDDNIIDV GTANNSTDVD TAADN L RA A GNDGDDDKKN VD' A VNNGEWNGAN DNGDGGVNDD

EDDKENDYND DNGISSNYWS DSNNDDDASD RTKDASPDGG DTDDDDSENG KKRKDDIKDA

458340e4:epoch_ 10 - TM score: 0.989, Seq Recovery: 0.46, Visibility: 0.26

DVVKKNGKLS IKDGK V E I LKGIS SD L VNCKNIKDKK DNWGINIWRA NCNIGNGG K L

IDCC K FDNNNG TDGNCNTDID T N 'I YG K I Y ICN P W P YA VIK
ENDKDNIIIV G A V EAAKN L YACHWCA GEKGEQKKKD VKKAQDEGAC IWCSEWSTAK GNGDGGVNEE
EADEWWDFCD ENNISCCYCC D NE L RTKDANPDGG WKDEELSESG KKVKDKIKKS

458340e4:epoch 20 - TM score: 0.989, Seq Recovery: 0.45, Visibility: 0.18

DFVKKNGKLS IKDGKIV K LCGIC SD L Y Vv WCK DECGCNIWRC NCKWGNGGWI DDPSIKDICD
KGIDCCEEND IYCVFDCCNG DIG P IKECMKEIA E Y K I WICN P WEDNI P YA VIK
ENDKDNIIIV GTGNNSTDVV EAAKN L YACHFCA GEKGDEKKKD VKK Q FCSEWSCAK GNGDGGCNFD
EFDKWC F WCYCC WSNDDKDNAC LTKNASPDGG WKDEELSDCG KKVCDIIKKK

v48.020 - TM score: 0.993, Seq Recovery: 0.53, Visibility: 1.23

F LS LV E V/LK' 'S SUALKY'EY LY "M WLK I IFRA NMNMDSG YI E IY L
KAI LD YAVV W SLY TYLD R LF 'IA 'KYGKP 'I Y IANEPSGA DVTIWEKDI P YA VIPVIR
KH IIIV TP'W V. TAA NP AYP MYAFHF ' A LE HM ALA""AA IY  F LA W FP
QF "MW YF EH/ SYTYW L TA'R L STASPDGG WTD QL A LV AKIRAA

Box 1: Template and designed sequences for 1A3H
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Figure A6: netMHCpan ranks for 1B9K designs

template

EDNFARF C LF Q. LQI'LKS FR LOOMFI'Y G/ TS'QFL! F! " 'LICA LNL T VDGG

Q IEC ISDFT AP QFRY.'F Q VSVKLP L' KFF.P''M /S F W' QLS'PQ "V IFK' K'P
ITKA'I F.O/LLE'V FVGAG 'IH T QI LLRL "L AQ''RL'L K IVSL L LLSEQF

e32b8ed0:epoch_10 - TM score: 0.987, Seq Recovery: 0.33, Visibility: 0.52

GDNFEDF N LYK INID TY TG'I F KNLTDEDITD FDPKIEQSED LKEKLD KY TAGGE
EKDLTIDVTA  APFK KP L KI YTYNG E E L 'V LDF VM NKEEFEEEKN KVTDPDNIKT TTKKRKNPND
KE I KI F LLEDVD DDKNNFVGAG TIK E K LL LKPDEE NDSDTLTVKA DDAE A 'V L 'LF

e32b8ed0:epoch_ 20 - TM score: 0.252, Seq Recovery: 0.22, Visibility: 0.12

GDNTDD I L VDQDGDYD GNKGTVKLTT TNKTDDDADD DDDTV Q LDIDED DGDDTIDGGD

SEDTTLDTDN K NY P L LDGDD KSDSSDLPIN NNKNKEAEEE DKDEWEKKKN EAEDDDDIEE ETSDNKNDND e

DDEIKEK K LEDVD DDDNNYDGKG TIKSE K LENDEE NDKDTLTVIA DDAETAKTEN EDKKKLY 4 Eg§$§§
H=

458340e4:epoch_ 10 - TM score: 0.980, Seq Recovery: 0.33, Visibility: 0.39

GNNFEN I LYK INIDKECD GNKGTIKIKI KNKTDEDIKN CDCKIECSED LKEKLK EY IKGG
E VTC KP K 'KPIL KI'Y' Y/ ''E I'KE 'L L FMEPKEM NKEEWEEEW K IKT ITKKRKNKND
KE I I F LLEDVD DDKNNFVGNG IIKCE K LKPDEE NDTDTLTIKA DDEEVAD L LF

458340e4:epoch 20 - TM score: 0.985, Seq Recovery: 0.30, Visibility: 0.19

GDNYEDFICK KDG L VDIEKTCE G K F TNKTDKDCTN FDPKIECDDE LKEKLDITSD DCD T
SI VIC KD FS IKC Y YE 'L I FCEPKEC DKETFWEECN KCKDKDCICE KTCKRKNDND
KE I FGFACLEDVC DDKNNFCCCG IIKCENKDIK CQCII P CTITCIC DDSECCKICC EEISKLF

v-48.020 - TM score: 0.978, Seq Recovery: 0.39, Visibility: 1.22

GDNFEE I LY KV YS GK I'L'F TLTVPL N F P ILSP LQ 'L ITYA P LAG'S
L'LNV'A DPFSERP L I YTYKG'E HK S/ /LPI L/UFL'P'P K FWALYN SVTDPE V T "APF
RITIVANL F'LLE'V FV FENK LLI KP L. K FIL'I VA'ILA 'LL 'LF

Box 2: Template and designed sequences for 1BIK
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templat® o haed0:epoth 10 ged0:epoch 20 1 0ea:ep0th 103 40e4:epoch 20 proteinMPNI

Figure A8: netMHCpan ranks for 10A4 designs

template

NQQIC R TI R YV WGTSATQ CINVTIGNGFE I Q PT AP Y 'V YU CHYG CA P | LPMRI
IGSAP 'V YRY VY WLDP VR F'R/CP PICPV.T AHV WV WTGSN S
SFLAP AL SW F/VK'FV Q V 'GL POYL I FEPW L'V V NA

e32b8ed0:epoch_10 - TM score: 0.985, Seq Recovery: 0.50, Visibility: 0.44

TTTI EK S T I F WG T VGANGFT ITKSDGSNST DG S I F vCc' P L IK
DI SAP ITTT YD AEGDIDIDKT AKTSGTADTE IDIIF R PV AV V YE'S R
L L/AUCPA FD K IDKGKAT ND YL FDNWDGGEG N V V NA

e32b8ed0:epoch 20 - TM score: 0.984, Seq Recovery: 0.42, Visibility: 0.14

TETIC K 'S I YVAD NDNDGSDDDE CI V ITKNDGSNDT NGDGKGDPHI ~YDGCEDGNC P IK
DIGNAKKGGK T YD AEDDIDIDAT PKTSGTDDTE IDNVDSDNGD VDDVGEEIGD DEINGEDYDV WEGDDGNKDI
LGNDADDDID SKDYD K IDKGKAT DD YL FDNYDGGEG N V V DD

458340e4:epoch_ 10 - TM score: 0.972, Seq Recovery: 0.43, Visibility: 0.16

KKIIC K IKD F WGTDDEC CIEVGENGFK IVKCDGSNST DG S FDGCEN K LPKKIK
DIGKCPTSVK IK T VEDDIDIDKT AKTDGTTDTD IDIIRDKNGD VKPIGKKIGK E I V  WEGN G
LVADEKID SESKD K IDKGKAT ED YL FDCWEGGEG REIKDFSAKC ED

458340e4:epoch 20 - TM score: 0.978, Seq Recovery: 0.44, Visibility: 0.11

DKTIC K IKD F WGTDDEC CITVGENGFK ITKSDGSTST DGDCKGDPHI YCGCDDGICA PGTNLPKKIK
DIGKCPCSVE FK T AKYDIDIDKE PKTD I IVFDKNGD V P AEINGKKWKV YEGSDG R
AKEKIE KDSFDIKDCI KLCIDKGKAT ED Y FCNWKGGEG NEVKDFDCKC EE

v_48.020 - TM score: 0.990, Seq Recovery: 0.52, Visibility: 1.05

MKV S Y TY " KYVV WGTDAPV AIEVGENGFT I K PV AP 'GF "I YY VCA P LPM'I
I KAP FTYT Y A LI'"T PIT (TAST VIF'R P PVOIYV AEVNGEKWEV W GS R'I
L /AP K'LU/K''L [LAI LAT P YLL'I FAP LSVKS' “A'V LK

Box 3: Template and designed sequences for 10A4



A7 1P3C
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Figure A9: Focus on 1P3C
a4
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Figure A10: netMHCpan ranks for 1P3C designs

template -~
VVIGDDGRTK A RVAPYN SI YI FGGS SCTG L ILT vy SYS VYP AV GSA'M

FYV I YDFAV IKTDTNIGNT G RSI VT 'L I IS GP RST Qw VIR A

YY FS AML'Q IV VHNAGY SNGTING P AT AFV FI  YAKAQ

e32b8ed0:epoch_10 - TM score: 0.992, Seq Recovery: 0.57, Visibility: 0.56

NI'GU'R VT I /VAPYN A 'YV'F YCTG L VLT vy YAGK GTV P AVNG A
YYV IN TGDDKYDY V IGDT VG L L VA G P AT Qw VTDEDEDLM
YSDIDTDGGD SGAP L VGIHSG A YP AV FID EAKKK

e32b8ed0:epoch 20 - TM score: 0.989, Seq Recovery: 0.45, Visibility: 0.09

NIIGDDKRKE VDD T IADVTDGDG SGTGTIIDDN KILTNAHDDY NNNNNKNADK GKSTPGEDNS EAKNGESNET
DDDIPDGAKD TGDDSDDYSV RDTDKDIGKD VGKKDTKEVD L VT GNPNDEKDKT GKN Q VTDEDDDNA
YSDIDTDGGD SGAD L K V VNSGGA NNGTKNGGPK ANDDFKKDID DAKKK

458340e4:epoch_10 - TM score: 0.989, Seq Recovery: 0.46, Visibility: 0.31

NIIGEDKRKE VEDTTK P VTFDDG YCTG L ILT vy YAGK GTATPGIDNS EAK G
YDIPE Y W L VG L L LC GYPGNNIDKT GKVSQWCEEG EITDEDEDLM
YSDIDTDGGD SG PFI K IV IHTG A YGI A FID KCKKK

458340e4:epoch 20 - TM score: 0.989, Seq Recovery: 0.45, Visibility: 0.17

NIIGEDKRKK VEDTTK PY V FDDG NCTG L LTNCHC W KW VTPGQNDS EAKNGTTKET
DYCVPEECKN TCDDKWDIAC IKTDKDIGKK VG L VKGEKVKVC GYPNNNIDKT GKVSQWCEEG EITDEDEDLM
YTDINTDGGC SGAP L K V INTG A YGIK CNKKVKDFID ECKKK

v48.020 - TM score: 0.992, Seq Recovery: 0.52, Visibility: 1.13

AIIGED R T T IVFPYN A AYV'F FCTG L VLT VY NY  “TYA'L VYP'M TPL GSA'MT
AYYI YI Wiy I LDTDIGKK G LE 'V L L YIAA VLY IVS
YSKIDTDGGN SG PFL IVGIHTG A T Y MT/ "/ KI'F LKK

Box 4: Template and designed sequences for 1P3C
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A.8 1PGS
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Figure A11: Focus on 1PGS
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Figure A12: netMHCpan ranks for 1PGS designs

template

DT TF K/AF. L SQSA " FTF P TTVK MFIKNECPN KTCDEWDRYA NVYVKNKTTG W RFI

PY VO " KLP I'VIDF 'SL G/ 'L “IY WA YSV VY P KYS AVV VI'YN  SS ' VPYG
TLGL LP KAY L IGW PY G CAW RH IAI'A 'FQ H L 'L.CSA NPINQ

WP R W MAVP RI'V L SL'G TF SY Y F  WT NNGING AFY A = F IAKS NP VI N

e32b8ed0:epoch_10 - TM score: 0.985, Seq Recovery: 0.49, Visibility: 0.46

E FE NAKTSSGNG S'SALCIF'F P v IKEDCPN S YC KVEVKDKETG W WI
P LK DGLKSDVTDA DL L KISCDVDNS GR' ST F TY YKY VIDKDE SENDG P
IKT LP KAY L YGSGD ATPTAAGNKG AAEDRETTDT E FS INQGGLGCAN NPINNQSP N
Y wce QP 'TF» LU LG TI'Y YT NDGTNGD YK VVAES NTKIDKPKVT D

e32b8ed0:epoch_ 20 - TM score: 0.969, Seq Recovery: 0.38, Visibility: 0.10

MTTTTNNGFD NAKCSDGNGG S S Y PDDTTDTDDI DQNTKENCDN NNCDGNCNDC KKEVKDDDDG DWKTISEWRS
NNNNGTENDE NGLKDNVTDD KDLIKGDVDE KISCDTDNSN GRTYSTSDDI TEGDPD KY IIDNDD GDDDGIDVGD
DDDDDTKKNV ~ TTDDNTDDAD LNNKKSGSGD ATPNDAGDKG AAEDKDDTDT K FD DDDGGIGCAN NKNNNGSPGN
DNDDHAGWCC GE VP LDD K TV YT NDGTNGDADD DESTD V IDKPEVT D

458340e4:epoch_ 10 - TM score: 0.990, Seq Recovery: 0.49, Visibility: 0.44

EETKKIDCFK DVKCSDGNG S'SA F'F P VVKI DMNIKEDCPN S YC KVEVKDKETG W WI

P IK DGLKKDVTDF DL L KITCDVD E GRI'TI'F TY YKY VIDKDE GDNDG P
IKT LP KAY L IKGSGD ANPKDAGNKG AAEDRKTTDT K FK IDKGGLGCDK NKINKQDPGD

WKKDKAGWCC GE VP L KEL G'TF I Y FEDYT NDGTNGD YK VVCES NVKIEKPKVT D

458340e4:epoch 20 - TM score: 0.980, Seq Recovery: 0.48, Visibility: 0.35

DEVKKIDCFK DVKCSDGNGG S C F P VVKI DCYIKEDCPN NTCDPNCDYC KVKVKDKETG W WI
P LK DGLKCDVTCC KDLICGETKL KICCDVD E GR SI F TY YKYS R VI YDE DDDDGIDYGV
DDD K LP AY L IKGDGD ACPKDEGNKG CCEDCERTDK K FD IDMGGLGCEN NPINNCEPGD

CKDDKAGWCC GQ IP I L KEL G'TF I Y FEDRE NDGTCGDCDV CITIDVVCES NVEIEKPKVT D

v.48.020 - TM score: 0.994, Seq Recovery: 0.56, Visibility: 1.04

KT T/ AF V' ASGNG S's F'F P T VvV M VKESCPN 'S RY K'K L AA
PY VO ELP VIDF  EL L KIYCE T S GR'FSV'F TYG'P YKYS RIV'VIY SST! “IPYGV

ILL LP AY L YG PY'P G AAEWRP ILINC P FS P AL AK NPINKQAPG
W WP P/P'HRF' LP SLFG'TF TIEF 'L 'YT NDGSNG AYI A "IYVVV VP VI D

Box 5: Template and designed sequences for 1IPGS
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A.9 1QKD
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Figure A13: Focus on 1QKD
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Figure A14: netMHCpan ranks for 1QKD designs
template
RICF HQ TTKTCSPG ES CY W F  IIERG CG PV LSCCESEVC NN

e32b8ed0:epoch 10 - TM score: 0.903, Seq Recovery: 0.46, Visibility: 0.00
ITCYNNNGND PDTTTTCASG VNWCYKKTSS DSSGEVTERG CGCPSVESGV ENCCCNSDNC NK

e32b8ed0:epoch 20 - TM score: 0.907, Seq Recovery: 0.41, Visibility: 0.00
KTCNNNKGDD ATTTTTCADG ETDCYKKTSD DDDGTKTDTG CGCPDVDDGE NNCCCDCDNC NG

458340e4:epoch_ 10 - TM score: 0.911, Seq Recovery: 0.38, Visibility: 0.00
KTCNDEDGDD EEETTDCADG ETECYKIEWD DEDGEEEERG CGCPEVEDGE ENCCCNCDKC NK

458340e4:epoch 20 - TM score: 0.934, Seq Recovery: 0.38, Visibility: 0.00
LTCNDEDGDD EDETTDCAEG EKWCYKKTWD DEDGEEVERG CGCPECEEGV DCCCCNCDNC NE f/\‘\~\
(0~ \

v.48.020 - TM score: 0.932, Seq Recovery: 0.46, Visibility: 0.50
LTCYSNSGNA PPT TT Y WT DSNGTVVERG CG P LCCCNCDLC NQ

Box 6: Template and designed sequences for 1QKD
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Figure A16: netMHCpan ranks for 1QWK designs

template

TAS KL MPV W
H L P L L ESL 'LQ
LCL'PVHNS QV L LYFP
P/ QVLLI YAL ILP

e32b8ed0:epoch_ 10 - TM
MKT T S GK L I MLGTG
LRP AR AV ' LEE G
ATGGTPIDVW KDEINID P
PEQICIK C VTPGA

e32b8ed0:epoch_ 20 - TM
DDSIELSNGK K P G
DGNRKGK E LEDLN
ATGGD V INNGNKN
A YCK DKGCSVEPGE

458340e4:epoch_10 - TM
TKTIE S K K I  LGTG
DGL P K VoL
KTGGT I 'V IIY
EEQICIKWCI DKGCSVTPGE

458340e4:epoch 20 - TM
TKCIE S 'K LPI 'L LG
ECCRKGKAKE CV K
ATGGEKCDIV KVECNIDNPQ
WCI DKGCCVEPEE

v_48.020 - TM score:
MKT T S/'L MPL 'LLG
L PCRAR ALAMLI 'L
Lo /PI'VL RT I'IEYP
Q L WL ERGCAV P

0.923, Seq Recovery:

Q SP'IVITA VI AV R L vYQ E IKE
L YV LYLA MP''F MS HIA'P V. WQF KA
VUFC'H SV oY 'L GP FTL Lw

RI VFDF L L ESK RLFL M

LLEEGVVKRE ELFI TK T

VGVSN W NDQ SRAL
P ULQDLIV L THKT
T H A 'A ER

score: 0.949, Seq Recovery: 0.42,
G TP VKTAIKNGIK GIDTAEGNGN
R LAG NTC T FV /P T I

AH IGVIADKPL GKKGKEENVD
KDKKDIEENG KVFDF LT LEKSGK

Visibility: 0.31
EKAVGEAIKE AEEEGIVKRE
H LU'IKKE (L VSN
EDGTKGESTD KES QT
NERQDKREET KG P E

DLNI T P
ANNDQIDEAE

LAKEKGKT
ER

score: 0.891, Seq Recovery: 0.33,
GADEEEAKEA VKDAIKNGIK GIDTGEGNGN
KDKVDVNKNG NSDATNDDGT EDVDEDVT Q
DDLIDHCKDK DINVTADKPN GKDDTEDNTD
KDKDDIKD N LTDD EIDDLDKSGK

Visibility:
NKAVGEAIDE
I'K
DDGTKGDDTD
NEKEDKRDEN

0.09
AEKNGDVNED
IGTSN
KESDGNDDNV
KGHKNDANKD

DLDIEDKIGG
ANNDQIDEAE
KK A T
ED

score: 0.929, Seq Recovery: 0.39,
GCTEEECKEA VKTAIKNGIK GIDTAKDNGN
VDICLAG NCCCKNKDGT EDID P

LIEHCKEK NINVIADKPL GKKGKKENVK
KKEEDIKEVG KIDDF L LEESGK

Visibility:
EKAVGEAIKE

LDEIKKE
EDGTKEEEED
NEIQDKREEN

0.16
CEEEGICKRE
GLCDSIGVSN
LES KT
KGHKNDPRKE

DLCIETKIGA
CNIDQIDECE

LAKEKGKT
ER

score:
DC K

\U LCG
KDLIDYCKKK
K K L

0.13
CIEEGICKRE
GKADAIGCCN
KESE' T
KGCKNDPDKD

0.931, Seq Recovery: 0.38,
VKEAIKAGCK CICTASENGN
NCCCFNEDET ECIDEP T

NIGVICDKPL GREGKECNTK
KVDDF LT LEEDGK

Visibility:
EEAVGEAIKE

MCDIKKE
EDGTKGKCKD
NEKKDKRDWC

DLCIITKIGS
CNNKQIDECE

LAKEKG T
EW

0.49, Visibility: 1.02
VKTAVKAG R G SY EAAVGEAT LLEEGVVKRE
AF FVP'P ' T'I HRIL A L Vs
ILVIADRPL G R RFVL P GV LASVP LP PLTLP'V

VF L'EA LLA LLDKRE T HPN 'Y

GA P

LOHVOILLA
LIAF

EP AI L

ELFVE K

IEQI 'L
L LAKE G'T
LR

Box 7: Template and designed sequences for 1IQWK
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Figure A17: Focus on 1UBQ
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Figure A18: netMHCpan ranks for 1UBQ designs

template
Q TLTG L VEPS DTIENVKAKI QDKEG PP LIF QL LS YN QKESTL L L LRGG

e32b8ed0:epoch_10 - TM score: 0.946, Seq Recovery: 0.49, Visibility: 0.56
MKIK K E I LEV E VKKKI EEKT I L EL LKD N IK G I L  LEDDGE

e32b8ed0:epoch_ 20 - TM score: 0.909, Seq Recovery: 0.42, Visibility: 0.17
MNINVE E LEVDDD DTVEDVKKKI KEKDGTDEDE D L EL LDDYD IEEDDTLERE KEKDGG

458340e4:epoch_10 - TM score: 0.956, Seq Recovery: 0.45, Visibility: 0.44
MKIK K E I LEV E VK K I L EL LKDYD K LE IEDDGE

458340e4:epoch.20 - TM score: 0.960, Seq Recovery: 0.47, Visibility: 0.39
MKIKIK E LEV E VK K I L EL LKDYD K LE IEDDGE

v_48_.020 - TM score: 0.960, Seq Recovery: 0.58, Visibility: 0.78
MTI VKFT L LE 'SP LKKKI QEKTG P LI VL LAD N IQ G I L  LVPKGG

Box 8: Template and designed sequences for 1UBQ
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A.12 1SQ3
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Figure A19: Focus on 1SQ3
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Figure A20: netMHCpan ranks for 1SQ3 designs

template

I M/TA
PLAAFEHV Y H V.VT'R

RQ

RUINANTYS

AYLYL"M''Y FU I'LK'FS MR'QWQ
IH L = MAM K'FATY FL QWYV' QV

e32b8ed0:epoch_ 10 - TM score: 0.966, Seq Recovery: 0.43,

M E
PL'A
EE

L
H L

LNNERYA
TTEE

GNTEEADAS YR FA E/A
EEDIVEEAEE EGDD T YVEQQEEE

e32b8ed0:epoch 20 - TM score: 0.202, Seq Recovery: 0.28,
DMTDDNNDAE NDQVNNEEQA
LDAEEDD NNDEKDTTNN

EE

GKDEDADADW ENDNGNDGEA KEEEVEAEEE
EDDNVDKAKD DGDDGTADNE QEDTDDQDEE

458340e4:epoch_10 - TM score: 0.971, Seq Recovery: 0.36,
L NEQVNDERWT
L LEEDD LEDEEETTEE

M

EE

GNEEEADASW CKDKGKEGWA KEEEVEAEEE
EEDIVKEAEE EGDDETEEFN QEDIEDQEEE

458340e4:epoch 20 - TM score: 0.963, Seq Recovery: 0.37,
L NEQINDERWT
L MEEDA EEGEEETTEE

K'S

EK

v_48_020

A PL
VK

- TM score:
MSA LV AL NA VN 'LT

L

TTA

GNEEEADASW CKSKGKDGWA KEEEVEATEE
EEDIVKEAEE EGDDETKEFN QEDIEDQEEE

L'HAM'M' F
AL

Visibility:
L'H F
EDEEEEDVDK

Visibility:
QEHADDKEDD
ED E

Visibility:
N H F
ED E

Visibility:
N H F
EDDEEDDVDK

0.988, Seq Recovery: 0.43, Visibility: 0.85

Y 'L/AASW YR HGY (FA QW K 'AAE
LVAQAKA AGD AT L QAYIA 'V

IALILADY
VA EQ I

ER L
L'L
0.22
I ER L
LKEIGDDKEA
0.03
IEDRGGDVDE
LKDNGDDKEA
0.10
IE L
LEECGDDKEC
0.10
I ER L
LKECGDDKEC
IHDR © LVL
L IGD K

YA P EW
LLFL L'L

EQIE P Q
EKKLDEEEGE

DQIDQ K
KDDNDKEEGK

EQIE P E
QDDEDKEEGE

DI P LEW
QEELDKEEGK

QIP P/ W
L L L

SN

Box 9: Template and designed sequences for 1SQ3
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° ° —14 v ° 5 m m Q o
=S ° = 8 10 S 401 S c 0.0 T ————— L 44
8 0.05 2 E ) 2 —0.25 S £
a g, g £ 50 o g —05 3, ]
& ° 5 ° S -0.50 5 g
o | & 20 2 ° S 1.0 =
0.00 a 0 < 0
® template e32b8ed0:epoch_10 e32b8ed0:epoch_20 458340e4:epoch_10 458340e4:epoch_20 @® ProteinMPNN
Figure A21: Focus on 1S5T
A
85, 0110 1 6730 7870 | - 716 | 721
Yo 0.02-0.1 8 {7138 453 4 110 4 113
2 0.005-0.02 76 4 35 {9 4 23 117 4
g  0.0-0.005431 16 {3 13 11 34
ca f T T T T T f T
0 500 O 500 0 500 0 500 0 500 0 500
template e32bged0:epoch‘g}gzbsedO:epoch‘zé)suoeA:epoch—}é)8340e4:ep0ch_20 prote'mMPNN
Figure A22: netMHCpan ranks for 1S5T designs
template
FT IV TP VC RAS ' 'LI'Y HVAS' ' —AIV SVGVTGESAT 'NH 'HA VV MMTLD A IPVI A
AT "AI°L RF VGC LTV P YNR Q CLY HFK AI EHTDL ILY VP ' T LLP R LA IT'I
LRV ELV LLSGDD S A MQL-CH VI'V/A'ZVA AR'M M 'L GH A"AR VI RLMPLH
LFVEP ' PI PV.W/.C 'L LVAT LiL M “IT -GR VRAAL LL
e32b8ed0:epoch_10 - TM score: 0.993, Seq Recovery: 0.52, Visibility: 0.38
MFEGAIAAM TP MD KESLKKMVD M ATV AVGTTGEAD L R VI TIELA IPVI AS
DTDEAIALTK KVEGSGVE I L v L VAN L /NP T ITP LK I
KNGSGDL E EL ILSGTDDT ALDE K ISGTANVA GKDCAEMADL AAKGEYDEAQ I LN
I K vV CT'W L VRAP ATEEAK AL L
e32b8ed0:epoch 20 - TM score: 0.987, Seq Recovery: 0.43, Visibility: 0.11
MNDGATAAAT NPKDDDGNDD DDSRKKQVDD DIDNGVDGIV ADGTTGEADT NDDDTAKDNV DKTID A TAGTGDN
DTD A VEDSGVDGN DTGNPGGNKD Q YT DVADNTDLPI ITD KP MEP LAKNDNIVGT
KDETGDTD V KV ILSGNDDT ALDDQAKGGD GNVSGTANVA GKDEAEQADK AADGDNDGAK I LN
KDKGSEKNPV ' T LG KTDSDTVNEP DTPATDE K LKDAG KL
458340e4:epoch_10 - TM score: 0.986, Seq Recovery: 0.46, Visibility: 0.24
MFEGCICAII P Y MIDK CIEDGIDAIV ACGGTGEKD L VvV DTTIK A TAGVSDN
DTD A VEGKGVEGL LCG P P TQ GIINY KV N 'L IL VNG TDI P LAKNENII I
LDNV KAIKEKVGDD F IL v L AD GCISTVCN A MCKL CQEGKFDEAK I LL
FG QP WACKKLG LIDNDTVNEP YKPATEE K LKKAG KL
458340e4:epoch 20 - TM score: 0.990, Seq Recovery: 0.47, Visibility: 0.17
MFEGCICACI CPKDEKG Y IID M AIV CCGTTGEAD L RV CIK A TAGVGSS
DTEEAIKLTK KVEGTGVEGC LCG P TQE I KV O NIIL LDNDPGKTG TD KP LSKNKNIIGI
KNGTGNLDEV EKIK K IL v LDCMKKGGD GCISGVCNVC GKDCAEMCKL CQEGKYDEAK KIDDKLKDCC
KNKNCEKNPV CIKWACKELG LIDNDTVN P AK LKKAG KL
v_48_.020 - TM score: 0.993, Seq Recovery: 0.56, Visibility: 1.01
MFTGAIAAI TP GF RA L'"LID YIA LV AVGTTGEAA LS E RTAV L' 'L'LAA'R PVI'CVCA
D AI'L RFE VVv.L L /VP CVIP QACLIAFY AVAUATTL'I LY 'YPALT RLEP 'V LAKH ViL
KDATGD AN P 'RALVPA FRLLS V'V AL Y/ LGGD \U A'VA P QM MA' L AAEGKYEEAK TA'KLAPLA
ALFSQP PV PI'WAL 'L* LI RAP TAE KA LKAAG LL

Box 10: Template and designed sequences for 1S5T
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A.14 1TJE

w w, w, w w, w, w
= = = = = = =
i i @ N i i N i
. 0104 0 g 5601 @ g 00T 00T e [
2 I & 4] @ - S 64 °
= 2] o |27 . 8 40+ 2 55 2 -0.51 s
° © <] S © < 44
o 0057 2 < -20 2 2 2 g
a 4 2 g < 20 g 2 1.0 <
3 £ 21 s ) 3 -1.0 3 2 27
. 2 -30 g ® 3 2
0.00 5 0 < < 0
® template e32b8ed0:epoch_10 e32b8ed0:epoch_20 458340e4:epoch_10 458340e4:epoch_20 @ ProteinMPNN
Figure A23: Focus on 1TJE
X
C
€8, 0110 ] 536 | - 6160 | - 569 | 570
% Oy 0.02-0.1 8 4793 4 25 4 65 4 66 2
E'E © 0.005-0.02 46 4 16 47 4 10 4 10 39
83 0.0-0.0054 24 {13 {0 {4 {2 14
o F T T T T T F T
0 250 0 500 O 500 0 500 O 500 O 250

template e3zb3ed0'.epoch_;'-gzbsedo:epoch_3503340e4:epoch—}§3340e4:epod‘—2o ProteinMPNN

Figure A24: netMHCpan ranks for 1TJE designs

template

MPVIT P QRHY HAV.P M/ VAL'I'P. L IA LVDAC'L E L'II TK I IRH CAHLL
I QLWP KMAI I YOVOIOR OLIQ VL L YV VS WH FA SY L

DEN AH LYFH ' 'V MCRGP 'P/M RF 'HF LM AGA WR ML TAWA

e32b8ed0:epoch_10 - TM score: 0.983, Seq Recovery: 0.48, Visibility: 0.27

MPT T TI'K V. I KDIAADIGKD EADKC A LVDADDK IEDDADVEIV TKDDEEGQKI I H LV
LYPD K PVI VDIDTDK D T I EDECKKIANK E VT KEEAK I L'V
VDDDEKP T YK MSD P KF LT YK LQRIKG SAWA

e32b8ed0:epoch 20 - TM score: 0.967, Seq Recovery: 0.42, Visibility: 0.10

APTITLDDGS EI K I DDVAKDIGDD EADKCIGGKA NGENVNADDK IDDDADVEII TDDDEEGKEI IEDTCGDIDN

AATKEEDPD K IDG GYETDIDTDK DLTDEDIK I IADK DEDIENEEV K FED KGDDD V
VDDDDKP TENKIGDDTT KGDGPD P K F LTD KDDEDKDGDS NNKTKQRIKG SADA

458340e4:epoch_ 10 - TM score: 0.932, Seq Recovery: 0.46, Visibility: 0.20
MPTITLEDGS IEK P 'V IAKDIGKD EADKCIAGKV NGEIVDADEK IEEDADVEII TKDDEEGKKI IQDTCGHLC
A YPDT DIDDCDVIDG GFYCDIDTDK ELTKEDIEKI EKECKEIVNK ' E VT W FEE KGDEDEVDDL
DDDV K LY VT KGD P KF LTD TDDEYDDGDK DNDKEIRIKG KAWA

458340e4:epoch 20 - TM score: 0.969, Seq Recovery: 0.43, Visibility: 0.17

GPT K IECDEPVTI KDIAKSIGEK EEEDCIAGIV NGKKVDAD K VKII TKKDKDGEDI IRDTCADICC
CAIKKIDPDT KIGDCDVIEG GFYCDIKTKK LT L EKKCKEIANE CKDIKVEK T W FEE KGNDLKCDKI
DNDI K YK T MOCPUV FCKNFELTD ISDKYK N LQRIKG KAWC

v_48.020 - TM score: 0.980, Seq Recovery: 0.45, Visibility: 0.76

APT TLP VA RP'TP LAA"IG LIAGRV NG L P IK VIF T LKI IQHT AH K
A'LUVLY I G 'PVI YV K ETP L IA LP VVT W IF A FL.V
LIVPK LYR V' VS'GP KF F'LT Y YYKN N L YG SAWA

Box 11: Template and designed sequences for 1TJE
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A.15 1XGD

a o o a o o a
Q [} [G] Q Q [G] Q
x x x x x x x
i i @ N i N N i
_ 0 ) 01w E 0 T—+ e 2 0.0 . é 0.0 £ "
2 Fel & 2 3 3 -051 e g
£ 0107 21 3 101 8 401 2 054 z e
e 2 kS 2 2 % -1.01 ]
20054 ° 8 & < 204 g ¢ <5,
a o =4 ] o o [}
° S -2 o | 2 -20q g % _104 2 -15 8
0.00 3 0 < < 0
® template e32b8ed0:epoch_10 e32b8ed0:epoch_20 458340e4:epoch_10 458340e4:epoch_20 @ ProteinMPNN
Figure A25: Focus on 1XGD
o
3% 0.1-1.0 E 738 E 846 E 783 E 794
% o2 0.02-0.1 1 47140 4169 4 109 4 112
=2 & 0.005-0.02 J81 4 32 15 {25 112 7
89  0.0-0.005 32 {11 {1 {a 13 33
o F T T T T T F T
0 500 O 500 0 500 0 500 0 500 0 500

template b8ed0:ePOth 10 ged0:epoth Z0us 40eaiepoch 2005, 0e:epoch 20 proteinMPNN

Figure A26: netMHCpan ranks for 1XGD designs

template

ASR L A 'MP LW P CQVIA VIVA R H HVYQW E ViV I Qv ELFI 'L
TYH K' ACK'L LOYLU YLIH W GF'P FFPL vV VP LDT WA M 'V L "AG'S
FNHL( 'V MIL PCIKYKPA VIQI CHPYL T 'LIYC VTAY P WA KP LLE P /AIAA'H
NK TA VLIR FP LVVI P VTP AIA F UFo 'L 8sQ LLS 'NRIW.VO'L 'S KDY F

e32b8ed0:epoch_10 - TM score: 0.978, Seq Recovery: 0.44, Visibility: 0.38

MKTI L VL VKP L VKEAIKEGYK GIK A EA INE AIKEGIVKKD ELFIETKIPP

NKH KU VEA Vi L AD VLR LKSGDD LEPKDDNG P IEET WDAMEELVDK GLA A 'S

FSK I IL NKEGL H V. V. VEN IQKELTD C VQSTK PEGDKNDPDK DDDDPG L IAD H
SSV YP Iv. P \ K /F KL ILNS Y ' RIY YK 'HP Y TKD

e32b8ed0:epoch 20 - TM score: 0.959, Seq Recovery: 0.38, Visibility: 0.05

NDTLKDNNGN DTPNLEMSTD DVSADEAKDK VKKGIDEGYK GIDSAGDNDN NKEVGDGINE AIDEG V ISSEVDN
NDH K VDDD K LDNVKKD DPVGKESGDD DDPKDDNGNN KESDTTNNDT WDAMEDTVDD G A S
YNNDQIDDIL NKDGKKNDPA ENEIENNVRN TEKEKNDYDK SKGINVKNDK PDGDDDDDDD DDDDDNIEDD EDIKDIADKK
NK 'S YGQEENNKVD PDNTTEEDIE ENNKCNDFEL DDEDKDELDS YDKNERDDDD DDNKDHPDYP NDKDD

458340e4:epoch_ 10 - TM score: 0.981, Seq Recovery: 0.46, Visibility: 0.26

KKEIELNN T LUF VEPEKCEEL K YK GIDTAKDNK E INE ALKEGIVKED ELCITTKIDN
NDC K VK VUi LK LDL LR LKSGED DEPKDDNGNV IEGDETIE E LVDE GKA A 'S

F K UI'K'L L'NP VIEINCV LKKYCK EKGIVCICDK PEGCEDDEDK DEDDPGIKDD PEIKKIADKK
GK TR YP IVK PECKTE K YKV L TEEDKEILDS YDKNKICDKD E YK YKEKD

458340e4:epoch 20 - TM score: 0.976, Seq Recovery: 0.42, Visibility: 0.13

GKEIELCNGG KMPVLQFSTE  CP L K YK GIKCAKDNK E INE CIKEGIVKKD ELCITTKIPP
NCCEKDDVEK CVKDS K VOOLDLULR LKSGED DEPKDDNGKP ICGDCKIEET WEAMEKCVDN GDCKAIGVCN
FCKEQI K L'H IECNVKN CQKELIKYCK EKGIVCCCKE PEGCEDDEDK DEDDPG L TADKK
GKTTRQVCI WP VC PECKTEEKVE ENNKCFDFEL TEEDKEILDS YDKNKICDKD E YK YKKKC

v_48.020 - TM score: 0.968, Seq Recovery: 0.53, Visibility: 1.06

M E L “MPL -TY (VP KI 'L V/LAIK GYK G LSy EV INE ALKEGIVKRE EL I P
TR EP LVR VLIALK'LQ VOYLU.VLRH L"/GL'P LFPL KP L LL WIAMQUV LKA R
FSK QI LL !MP. KY'PA VI I CNPY Q LI 'LK VIAYK PLG P K SP LLEH IL'IA'RH
G TP QVL'K YPM' R MIV MTTEE VR Y 'FU KL ILDS FU//RLY ' 'F P/LKHPLY" Y T'Y

Box 12: Template and designed sequences for 1XGD
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A.16 1X0M

= = = = = = =
o o o o o o o
x x x x x x x
N A" N N N in N
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s 5 g o £ s 0t----- 5 o
30104 ® 2 S -10 54 @ b 2,
% 5 -1 3 54 GRLER
2 0.05 2 g 207 £ 501 g g 1 5
3 2 -2 3 2 3 2 g
o | 273 = 5 -1.04 it 2
0.00 a 0 < < =2 0
® template e32b8ed0:epoch_10 e32b8ed0:epoch_20 458340e4:epoch_10 458340e4:epoch_20 @ ProteinMPNN
Figure A27: Focus on 1X0M
X
8§, 0110 Joeee | foomoa | {997 | {1002
Quwd 00201 5 {1201 192 4150 1 146 2
=2 © 0.005-0.02 {101 11 66 {14 {29 4 27 20
83  0.0-0.005148 422 {15 {9 {10 61
o F T T T T T F T
0 500 0 500 0 1000 0 10000 10000 500

template e3zb8ed0-,ep0Ch_;'—§2b8ed0:ep0Ch_3§8340e4‘.epoch—41503340e4ZGPOCh—20 ProteinMPNN

Figure A28: netMHCpan ranks for 1X0M designs

template
L RFFS L'MRA E LL L'E I'LG P/ TFP I IRVIL/ IME KYA /LY T/ GFTPL
LMW ISQDNDIM TS AL FL VVVUAPTYL AAL 'FNFYE P YI IPL VE L
L'S.G" K//VVY VP FQ VIM' E'RR YLL'L YDFIV E LRYS CNPEK I''L N (R/'IYL
FS IL P'F I WMVGDPG IIRKME A TOLCTIVE WRY YL KHI I FYKP' R ML AL'EFM
VIWT P FIW ' P I MLE  AI AYV FYAHR KITM L'F'Y M LA
LKA
e32b8ed0:epoch_10 - TM score: 0.988, Seq Recovery: 0.45, Visibility: 0.59
EEGDLSKYLT EKEKKKKPDP IEEEKEE A LGGDE IDKET P IEEEIDK EEKEEATGDG DTKG K
LKDYY 'Y (IS MIT LRL IGK YI VVVIIPTYP CAL ‘LI Y. P/ FV VPV KV 'L
LOLiA ICVVNP NS MS LLDL ADKYDFK VS LRYS KP'LI''L 'K ILI
TL VGWII K LIEIKK KE GHV 'RS VI 'KY LUKHI IYKP L AL AL KYF
V YTKP LI IWV L L A GFT YF AK 'V T A YAD QKEDDIEEGI ' RL A
QKE
e32b8ed0:epoch 20 - TM score: 0.922, Seq Recovery: 0.35, Visibility: 0.13
DNGNEEKNKT EKEKKKKEDE VEKEK A K I LGGGD EDDATKDTDN DDKIDDEIDK NDKDEADGDG DTEGDE L
Y VSDDKDIMT SDGGGES K LEEGD IVATSNPTDK GSID Y YVGIDEDD NGTDVDELEK
KLEELKDKGE DVKVDDVNSN NSNPSGVNDD DDNKDKLNDL AKENDFDIVD DDPDYDN Y IAAN DTDGKTKLIG
SDG T VGWIEG K LVEVKK EEKGEVDKKS EVKADKYISG GDKDKDIPKR NDAN P AL P
VI KP W LDSEENKK = A GY YEA K T L YED QDADDIDKGV AAYADAVKDA
KDG
458340e4:epoch_ 10 - TM score: 0.952, Seq Recovery: 0.41, Visibility: 0.26
ENGNEEKEKT EKEKKEKEDE IEKRKKENEG KDTIDLSGGD IDEET P IEEKIKK EDKEKAEGKG ETKGNE L

Y
LKKE!
TL
VTW KP
KKG
458340e4
EEEDESEE!
KDYL
L LKEK
II
VIWT P
KKE
v_48_020
LP

ISEEKDIIV TEGSGEANDL IAKC I
GK KVKICCVNPI NANPTGVITN E N L L
VGAII K LIEEKK KEKGNVD K
VWV P L LEKK CEEKG SF

VISNPCDK
YDFKIVD
YWLKG
YFCAKKDV

:epoch 20 - TM score: 0.959, Seq Recovery: 0.40,

ET EEEKK E K I I LEN TDIIDLGGDE
Y < ISKDKDIIC TDGGGDAMDI TIAE Y
GE KIKICCVCP NS MN LIDL
VGWII K LIEIKK KKKGCVNKKN
W LDAEKLREK CIEKG G

INKKT P
VC'P
AEKNDF I E
ECICKKWLEG
FCANKDV

W SF KY
DEPNKDL YK
GEKE W P
KNTCRLNFNE

Visibility:
IEKEIKE
L CF KY
I'LY
KL I
TNTCRLNWCD

- TM score: 0.988, Seq Recovery: 0.47, Visibility: 1.01

LS EEEKK KP P L AMA VI LSGGE

AL KYL!''TY I T FDIM T MR VLI

LEEL A
FSKIL

FTTP
LKK

RV VNP NAN MS ROVLLL
L [V FIY KP LI 'LI AR L 'GHVDRYS
FVw LDA KL A 'LG'SF

PP PI
VVVP P YR
Y IE
EVI' YHYL
KYF PYATV

LI IAK
VL AL'PY
L 'Y LLYS
YL KHIP I

T/ L L FA

F IDVDD
IAL

KL'P | E
VKEEDIEKGV

0.25
NEEKECTGKG
F ID

LII' K
NKENKPKCEK
CEEDDIEKGV

NEKEEA S

F ' IP

KP' LI 'L
R YL'P' L

P I \

NGIDV KL

IL
L“AL
KL

DTKGDKD L
VUKL
Iy

LKD L
KKFCECIEE

RGYP'LL
IV

E 'R'ILL

LLAAL KYF
LA

T

A

A

A

Box 13: Template and designed sequences for 1X0M
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A.17 2BKS
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® template e32b8ed0:epoch_10 e32b8ed0:epoch_20 458340e4:epoch_10 458340e4:epoch_20 @® ProteinMPNN
Figure A29: Focus on 2BKS8
7
85, 0110 1 219 - 2570 231 | 237
o2 00201 4734 4 10 4 31 4 25 1
=2 © 0.005-0.02 22 4 10 {0 1a 1a 11
Tg 00000547 {4 {0 11 11 3
0 2000 200 O 200 0 200 O 200 O 200
te 0 0 0 0 i N
emPIAE 35peed0:ePOh 3o nged0:ePON foy340e4:ePOCN i3 4004:epOc-2Y proteintPH
Figure A30: netMHCpan ranks for 2BKS8 designs
template
AMVS M AVGEEG H Y I°YD S'Q/ WYF'V RQL /S Y TYE IL YV TL YRC
Y E YAEL VRE
e32b8ed0:epoch_ 10 - TM score: 0.931, Seq Recovery: 0.43, Visibility: 0.48
SGPTAGSISD QT T FTCNISGDDD STT TWS TLS YS ISSSS V. 'L VNN TA YTCNVTDD
SGSD A VDGVNA
e32b8ed0:epoch 20 - TM score: 0.923, Seq Recovery: 0.39, Visibility: 0.00
GGPTAGDIDD EDCDDGGSVE FTCDIDGDDD TTDVDWKKGD EDLSNDDKND ISDSDGTSKL TVNDCTDDDD GTYTCNVTDD
TGSDSSSGNV  DVDGVDD
458340e4:epoch_10 - TM score: 0.924, Seq Recovery: 0.54, Visibility: 0.17
GGPKAGKIED KTCEEGGSVT FTCKIEGDDD STK TW LENNDKYD TYE L TIKNCTKDDD GTYTCKVEDD
EGSDEAKANI DVEGVDD
458340e4:epoch 20 - TM score: 0.925, Seq Recovery: 0.55, Visibility: 0.17
GGPKCGKIED KTCEEGGSVT FTCKIEGDDD STKV W LE'S TYE L TIKNCTKEDD GTYTCKVEDD
EGSCEAKANI DVEGVDE ~e
- - _\\‘
f/@‘\.& 3
v_48.020 - TM score: 0.949, Seq Recovery: 0.44, Visibility: 0.66
SGPVAG I TL FTCNISGDNE STT TWS TLSNSS'YS ITYS VAL ITA YTCNVTDS
SGSD A AV VDP ¢

Box 14: Template and designed sequences for 2BK8
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A.18 2QMT
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® template e32b8ed0:epoch_10 e32b8ed0:epoch_20 458340e4:epoch_10 458340e4:epoch_20 @ ProteinMPNN
Figure A31: Focus on 2QMT
X
58, 0110 / 270 00| 127 | | 137
o2 00201 13 {714 14 4 10 17
=2 © 0.005-0.02 18 {3 {0 15 {10 10
g 00000593 10 10 {2 {10 4
0 100 O 100 O 100 0 100 O 100 0 100
te . 10 . 20 . 10 . 20 i NN
temPlEtE 3 68ed0:ePO 35 ged0:ePO fog3a0e4:ep0M 4o 340ea:pO 2T proteinhP
Figure A32: netMHCpan ranks for 2QMT designs
template
MQY L LKGETTTEA V AATA F QY GV TYD FTVTE
e32b8ed0:epoch_10 - TM score: 0.971, Seq Recovery: 0.52, Visibility: 0.27
ATYTLKINGK NVKGEKSVEA D A A F YCKD G FDEETK TATVTE
e32b8ed0:epoch 20 - TM score: 0.924, Seq Recovery: 0.45, Visibility: 0.00
ADYTDNTNGK DDKGTTSTDD DNDDDAKDDF DKNNKDNGVD GDETWDDDTK TATSTE
458340e4:epoch_ 10 - TM score: 0.972, Seq Recovery: 0.50, Visibility: 0.64
AKYKLKIEGK DIKGEKEVEA ENEE A WCKE G TYDE FTVKE p
458340e4:epoch 20 - TM score: 0.944, Seq Recovery: 0.52, Visibility: 0.00

GKYKLNINGK EIKGEKECEC

v_48_020
ATYTLNLNG

- TM score:
T VEA

ENIEECEKKF KEWCKENGID GEWTCDEETK TFTCTE

0.974, Seq Recovery:
NAATALF  CAY

0.57, Visibility: 1.27
HGI TFDP FTVTE

Box 15: Template and designed sequences for 2QMT
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A.19 306A
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® template e32b8ed0:epoch_10 e32b8ed0:epoch_20 458340e4:epoch_10 458340e4:epoch_20 @ ProteinMPNN
Figure A33: Focus on 306A
K.
58, 0110 | 00z 1003 | {1017
% o2 0.02-0.1 6 47159 41 59 4 121 4 115 2
S 2 © 0.005-0.02 {180 4 44 17 {26 {18 78
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0 500 0 500 0 1000 O 10000 10000 500

template e3zb8ed0'-ep°°h‘é302b8ed01ep°Ch‘fs(»)8340e4iep°Ch‘3§8340e4=eP°Ch—2° proteinMPNN

Figure A34: netMHCpan ranks for 306A designs

template

AWDYDNNVIR V VL EPYMTP LF  PFQNGNDQSG VPV EY TL LR L WIT Q KQ'S'L
L 'F RIP YWAFQLL YV QYL WAR A AoQy LRDSYN Q G TQV L
L K'Y EY I'LLNEP P VLNM 'L F FL LQ TPVIIH FIUVF Y FLTV W
VVV /H'YQ V G LSRN INH WWOAKOCH WIVACW L LNG VNRGARYE A PYI
PLL WS D HK' ' 'RRY I AL FEY T FWw W E/AP'WSFQ 'L Y /'L'P V IQF FH

e32b8ed0:epoch_10 - TM score: 0.988, Seq Recovery: 0.48, Visibility: 0.45

NWDWDN K VIL Vo VP RP W FKDGDDTS I WDK KKGEEEAK E R WIT EED K K
L"VRI W IEKEEND R KYI WC 'K LDLHG VPGSQNGWYD SGESGKLNWQ EG NR SL
LV YC G KYK LE A EP L LDKLKEF EKECYDRL A VVID DAGQETGFWD DFLTE N
VVL YQ I LAKN TDEKIKDICD EGKK T VVGETSAA TDDCCDDYNG VGKGSRTEGK NDGCPYIDDC
P WT DE K Y I AATA FW W oYK TL LFPN PIDKK Y FE

e32b8ed0:epoch 20 - TM score: 0.977, Seq Recovery: 0.34, Visibility: 0.06

NWDWDNDKAN GVNNGGWNIK A YD GEKDGDDDSG S YDK KKGDDKAKEE EDKWRDTKVT KDDYDD K
VRI IEKDDDD NNVTGGQEKI DEDMENCKDN DIKATLDNHG GSGSNNGGED DGKSGTNGWE DGDNADKDND

N YG GDKNKDVVDG IETENEPDGD KLDQDKVDDY DDKCNKNKKD TGSDTDTEID DNGNDYGADD DKLTEDDGDD

NVVIGRHWGD DNNGDDIAKN DDEKIDDDCK EGEDAKKEKH KNVVTETSSA DDDCCDDENG VGKGSCADGT NDGCDKIDDC

DDKKDEKDDT DDDKENRKKK IEAQIDAANE SGGYD W WDNSYK DQKDNGDYPD PIDDKENPDQ CGYD

458340e4:epoch_10 - TM score: 0.989, Seq Recovery: 0.46, Visibility: 0.29

NWDWDN' K VL VD P/ RP 1Y FKKGDDESN IPK Q LGKEKCKE R WIT EED K K
LYVR WCIEKEEND SNVTGCEEKL DKCLDWC K IDLHG CPGSQNGDTD SGKSGVLNWQ EGD K 'T

L LCEKYC G KYK LEVCNEPDNK KLDKDKVKEF EKECYEDLKA TGSDCN II VGEWD DFLTEEDGCN
NVIINRD YQ LKKN TDEKIKDICD EGK RK VICGEWSAA TDDCCDWYNG VGKGSCTEGE NNGCEKIDDC
EPKKDIKNWT D EK Y I 'Q AS F FW'W W YK L LIPN PIDKK Y FE

458340e4:epoch 20 - TM score: 0.985, Seq Recovery: 0.44, Visibility: 0.22

NWNWDTDKIK GVNCGGWF L EP RP LF FKKGDDESG IPKDQNEWCK KKGEEECK E W WIT EED K K
LNYVR W CIEKEEND PWVTGCEEKL DKCLDWCKKN NIKCNIDLHG CPGSQNGDYD SGDSGILNWQ EGDNKEKCKE
CFKKLCEKYC GD WK LECCNEPDGK KLDKDKWKEW CKECYEDLKA TGCDCTCIIH DGGE R LTEEDGCT
NVIIDRDWED IDSCEKIKKN TDEKIKDICD EGKETCKEKH KCICGEWSAA TDDCCDWYNG VGKGSCTEGK NNGCEKIDDC
EPKKDIKNWS D EK Y I'Q A FGGYC W W YK L LIPN PIDKK Y FE

v.48.020 - TM score: 0.990, Seq Recovery: 0.52, Visibility: 0.91

W IR GVNLA W L KPYLRP LFE PF V ST IP QY YC LGKEKAKE. L H W T A KIA

L FVRIPFP YWAIKLL VT VEYI WCKEN NI AT VPGSQNGWYD G F FA

FOIViiYC G KYK L LINEPYGA KL R AF Y OY MLKA T F'V W.'FO'WD DFL P/ CK

VVL'LI'YL I0-NLAMT M AACA G 'RKL H IF F A LTDCCPWY G YEGK YDGG FI
LD A QL " RRF QL V' AWD SE CP L L A GIYP ARRY FP

Box 16: Template and designed sequences for 306A
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A.20 3TIP
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® template e32b8ed0:epoch_10 e32b8ed0:epoch_20 458340e4:epoch_10 458340e4:epoch_20 @ ProteinMPNN
Figure A35: Focus on 3TIP
X
85, 0110 1 32800 | | 36500 - 337 | 341
e 00201 4129 417 129 4 25
S 25 0.005-0.024 13 411 10 15 {5 24
Tg 0000057 414 {0 11 11 10
0 200 0 200 0 200 0 200 0 200 0 200
\ate . 10 . 20 . 10 . 20 inMPNN
temp e32b8ed0_epOCh_e32b8ed0AepOCh_458340e4lepoch_458340e4.epoch_ proteinM
Figure A36: netMHCpan ranks for 3TIP designs
template
GPH IAP HR F LP VPG P TGD V P vy P IVE KEE P FNP L
VTREGQKG KT P L LTGEIISK GESKEE TK LTEYGP ET
S
e32b8ed0:epoch_10 - TM score: 0.936, Seq Recovery: 0.51, Visibility: 0.75
GPE IA H ERF LPV VPGEDG R VI P V' Y GPEEGEDIEE EETIDDDKTT EKDDDLEAGT
SEVTQEGEDG K LK VIEE GEAEEE V PV YGD EE
T A
e32b8ed0:epoch_ 20 - TM score: 0.844, Seq Recovery: 0.31, Visibility: 0.00
GDEKIAPGDT DNDDDDKDTG DTDDNDGTDG VKDPATGETI KDATDANTDN GDDDGDADTD DDDDDDDDDE EDDDDMEDGD
EDVDEDGDDG TDDTTTDTKK DPLTGDNTDD GDATDDTDDD AVDEDTDYGD EE
TN
458340e4:epoch_ 10 - TM score: 0.904, Seq Recovery: 0.46, Visibility: 0.30
GDEKIEPGKK E VG KEEDIEGENG K VI VTKK GPVKGEDKEE EEDIEDDKEE EEDDEMEAGE
EEVEQEGEDG K L P VIEE GEAEEEVEEE PVDEVTKEGK EE
458340e4:epoch 20 - TM score: 0.905, Seq Recovery: 0.45, Visibility: 0.30
GIEKIEPGEE EEFDEDLDVG TEEDIEGENG K VI P V 'Y GPVEGEDDEE EEDIEDDKEE EEDDEMEAGE
EEVVQEGEDG K L VIDE GEAEEE V VTKEGK EE
TP AL
= S
v.48.020 - TM score: 0.880, Seq Recovery: 0.57, Visibility: 1.70
GLE LP HR ERF LPV REI P LR P T VL P vy P PV IP TT Y L
VT P LK TPTL L VI'R vQ VIEYGP AS

-

Box 17: Template and designed sequences for 3TIP
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A.21 3WOY
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Figure A37: Focus on 3WOY
X
85, 0110 ] 559 | 655 - 622 | - 622
Qa2 00201 6 {104 J 45 4170 172
=2 0.005-0.02 M7 4135 419 {15 {17 8
83  0.0-0.005430 {16 15 {7 {3 39
o F T T T T T r T
0 250 0 500 0 500 0 500 O 500 0 250
ate . 10 . 20 . 10 . 20 i NN
templ! e32b3ed0.epoch_e32b3edo.epoch_458340e4.epoC“—453340e4.epOCh— proteinMP
Figure A38: netMHCpan ranks for 3WOY designs
template
GAV E AFT IQI Y SR L TL ILSDD KH W R A L I LLVA GA QY F HLRLL ('L
LSAK 'RV Vi AC TVA STVL ' KF AAIV 'L NLVP'SA'V MATSGCAA'R F 'RHTHVP" LI LITSCT ‘ 3
S'SVP'RRRS F FLILLLQE W/ HSL "HA AVL 'TIKKG H RV A TYM L HFP  A'TL Y LEPSYQ ‘a
L YL

e32b8ed0:epoch_10 - TM score: 0.950, Seq Recovery: 0.36, Visibility: 0.48

MEEEEEEMDE ECDDVEETEI E E L LSDP TPK 'R A LI LLNA GA'EY 'FY L LN 'L
AL v v VGC TIAKKLGD A A 'VAP'L VGDEDEE A L KI'VK LU LI TUACS
DE T VR YRLL L WDKEDLK HE IKAG VTDEDA A AF HFP "A'M L

LAPAS

e32b8ed0:epoch_ 20 - TM score: 0.931, Seq Recovery: 0.26, Visibility: 0.13

DDDDEEEQDK DYDDVDDTEI DSDDDNDD N LDDD N DK L INA GAGDNDSWDD NNDK N

L V. VKSGCTTVGA TAKEEGDNAD TA L QDNVGDDDED DAEAGETAIE EINKNSKNKN NIDDITDNTK
DDDED R NUDL LDT WDKEDLED K VDEG LEDDDED K AF FPDEADET EAKKDEDTKE
DTKDEE

458340e4:epoch_10 - TM score: 0.955, Seq Recovery: 0.30, Visibility: 0.21

EEEEEEEMDE ECDDVEEVEI E E L DEIKEICSDK NN E R A L I LINA GA EY FY L LKECLC
NCCEDEDPEV VKECCVCCGC ICK L A ELA I VC LKNCGDEDEE KSESGICCCK EIIKNCKNP L ACD
DEDTK R WoLL L WEKEDLEGNK EKICDCVKKG CEDEDEECKK A F 'V HF M KK L

LEDEE

458340e4:epoch 20 - TM score: 0.976, Seq Recovery: 0.31, Visibility: 0.19

KEEEKEECE EE VI EE L LDDP ETDKEERIEA CKDICSLINA GAG Y W L LCDCLC
NCCCDEDPEC VKACCVCVGC ICKECGDDFK NCAEKCIPVL IKNVGDENEE KSEAGDVAIE EIIKNCK P L IC ACE
DENEKVRT A W W AL WKKEDLEGNK DKICECIKKG LKDENEE R AF HF A'M KL IQE
ECKEEE

v.48.020 - TM score: 0.974, Seq Recovery: 0.38, Visibility: 1.09

REEVLKEMD AYT VI NE EL LADP TPP.'R'AA LI/NINLLN GA KYP'FY RL KLIP L
LALS"P L R AA VAA I LG RA LALAVFP'L L GLP P VA L'AL IKHVHVP LI LIL ACQ
P/RVRIEA YRLL'LAL'T WP LLL'HE IV TIKA L P/ AR I'AF L HFP AAAAM LASLP 'I

ALAPPS

Box 18: Template and designed sequences for 3IWOY
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A.22 4RQG
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Figure A39: Focus on 4RQG
4
85, 0110 ] 670 - wan| 71| 170
o2 00201 17 46 40 13 43 14
S2 @ 0.005-0.024 1 11 {0 {0 11 4
Tg 00000541 {0 {0 {10 {10 0
0 100 0 100 0 100 0 100 0 100 0 100
\ate . 10 . 20 . 10 . 20 inMPNN
temp 3208ed0:ePON55 16d0:ePOCN 10 34 0ed:ePOCh So340e4:ePOCN 2 proteinM
Figure A40: netMHCpan ranks for 4RQG designs
template
ECDCSSPENP CCDAATCKL P LC CEQCKF R IPRGDM PDDRCTGQSA DCPRYH
( L
_’/% t\bb—“\%
20
e32b8ed0:epoch_10 - TM score: 0.903, Seq Recovery: 0.49, Visibility: 0.50
ERDCSDSSNP CCDPETGQLK SGCDCCEGPC CSNCKYCAAG TVCRTPTGS P CC CCPKVS
M\ A
Ve, &-«
P4,
e32b8ed0:epoch_ 20 - TM score: 0.892, Seq Recovery: 0.46, Visibility: 0.00
DKDCSDDNNP CCDKDTGQLK DGNDCCEGDC CENCQNCDAG TVCDTPTGND KDDTCTGDCC CCPKEN
e Kﬁr\\
Jé}(,_‘ﬁ*\
(4p)
458340e4:epoch_ 10 - TM score: 0.873, Seq Recovery: 0.55, Visibility: 0.00
ECDCSDDDNP CCDKETCKLK EGCDCCEGEC CENCKYCEKG TVCDEPEGDE PDDTCTGECC CCPKES
>\ L
&K, b/‘
"\
344
458340e4:epoch 20 - TM score: 0.877, Seq Recovery: 0.50, Visibility: 0.50
ECDCEDDDNE CCDKETCKLK EGCECCEGDC CEDC Y ICEEPEGDE EEDKCTGDCC CCPEEE
( g‘é ‘
U‘\f\’i G f\
AL
v.48.020 - TM score: 0.913, Seq Recovery: 0.58, Visibility: 2.00
SCDCPDPSNP CCDPATCKLK PGYQCCSGPC CEN KY P LC TPTGNE PPDYCTGTCC CCPRVY

Box 19: Template and designed sequences for 4RQG
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A.23 4KW4
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Figure A42: netMHCpan ranks for 4KW4 designs

template

SKGE LFT V

DFFK AM' G YV
FKT HNI E

ILV LDGD
FFK

VL 'DH

e32b8ed0:epoch_ 10 - TM
SEG ELFKGV V VVV LDGD
DFFK AM YV WE
KA E VKN

LE DEK

e32b8ed0:epoch 20 - TM
SDGDDLFDGK  VDIDNDSDGD
F MPEG NKDEKDNDDD
KEDGTDKNDV EDGSTQDSDN

458340e4:epoch_10
SEGE L K IV IDGD
FF  CMPE YV WE

LEV EDGSTQKCKN

- ™

K

458340e4:epoch 20 - TM
CEG KL IVVECDGD
F MPE= Y WE
K LEV EDGGVQKCKN

v_48.020 - TM score:
SAG ALFT V
DF K AM G YV

L F LP E V'H

VNGHKFSVSG EGEG ATYG

score:
VNGKKFSVKG EGEGDATE R
DDGKDDSRGE = VKMDGDTLV

score:
VNGEKYSNDG EGEGDATNGK TDEDNDNTTG
DDGNDDSRGE VKMDGDTLVN ENEKDGD Y
DGEK P

score:
VNGKKFKVKG EGECDATKGK
GDGK K
KEKN P

score:
VNGKKFKVKG EGECDATKGK
GDGKDKTRCE
KGKN P

0.986, Seq Recovery:
VLV LDGD VNGHKFKVVG EGEG ATT
L VE DDGK T

LKFICTT
LVN RIELKGID K
HYL H 'SKLS DP

KLP 'PWP LV
IL
EKR HMVLL

TTLXXXVQC
YNY 'HH VY
FVT AL 'L

ARYP HM QH
YKT I ADK K

TPI

KF
VLL

0.72
TTLXXXIDCF
YSAGSSKKN
IEAGGIEE

0.992, Seq Recovery: 0.68,
CTTG
DYK

T A'LS'DP

Visibility:
LP PWP LV

IL
HM'L

AR 'P/HM DH
R VTADEANN I

TP LLP HYH E

0.34
DNNXXXIDCN
KDNSGSGKKN
ETEEAGGIDE

0.978, Seq Recovery: 0.50, Visibility:
ENPVDWETED
LGHKL

DEDKDNKKTT

SK'P H' DH
IDADEDKNGI

LPD H ADNSDDD

0.53
TTAXXXIDCC
KDSCGSSKKN
ETEVAGGIEE

0.992, Seq Recovery: 0.64,
IDLKCVCTT
R DYK

T LSKDK

Visibility:
KLP P/ LV

LGHKL
NEKRDHCVIN

TK/P'H
IKADEKNNG

H
MDGDTLV
LP 'HY

0.47

TLXXXIDCC
KDSCGSSKKN
ETEVAGGIEE

0.992, Seq Recovery: 0.61,
IDLKCVCTTG
LCN RCELKG DYK

LP 'HY T  LSKDE

Visibility:
E P PWP'LV

LGHKL
NEKRDHCCIE

TK'P'H
IKADEKNNG

H
K

0.73, Visibility: 0.88

L'FVCTT ™ KLP PWP 'LV
F. P IL'H

TAA'LS'DP [ 'E//HMVL

TTLXXXIQCF
YDY v
IVAAGIPE

ARYP' ' MAQH
KM LV I'A RICI

LLP PHYH

R
TPI

Box 20: Template and designed sequences for 4KW4
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