10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Supplementary Information for InstructPLM:
Aligning Protein Language Models to Follow
Protein Structure Instructions

Jiezhong Qiub?t, Junde Xu'*t, Jie Hu'f, Hanqun Cao*f,
Liya Hou', Zijun Gao', Xinyi Zhou*, Anni Li®, Xiujuan Li?,
Bin Cui', Fei Yang!, Shuang Peng!, Ning Sun!, Fangyu Wang!,
Aimin Pan!, Jie Tang®, Jieping Ye®, Junyang Lin®, Jin Tang!,
Xingxu Huang®, Pheng Ann Heng'*, Guangyong Chen'”

*Zhejiang Lab.
2Zhejiang University.
3Nanjing Normal University.
4The Chinese University of Hong Kong.
®Tsinghua University.
6 Alibaba.

*Corresponding author(s). E-mail(s): jiezhongqiu@zhejianglab.com;
gychen@zhejianglab.com;
TThese authors contributed equally to this work.

The PDF file includes:
Supplementary Table 1 to Supplementary Table 7 and Supplementary Figure 1 to
Supplementary Figure 4.

Supplementary Results

Implementation Details

To ensure the reproducibility of our results and facilitate the understanding of our
model’s architecture, we provide a detailed description of the hyperparameter and
training settings employed in InstructPLM.
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Initialization

® Linear Layers: The weight parameters of the linear layers are initialized using a
truncated normal distribution with a mean of 0 and a standard deviation of 0.02.
The biases are initialized to zero.

® Layer Normalization: The weights and biases of the layer normalization modules
are uniformly initialized to 1.0 and 0, respectively. This initialization scheme ensures
a standardized starting point for the training process.

Hyperparameters

We show our model hyperparameters and training configuration in Supplementary
Table 1.

Supplementary Table 1 Summary of model hyperparameters.

Hyperparameter Value Description

Model

Max length 512 Max number of amino acids of input structures.

Learnable Queires 256 Number of learnable queries.

Number of Heads 16 Number of heads in multi-head cross attention.

Generation

Temperature 0.15/0.8 Control the diversity of generated sequences.

Top-p 0.9 Control the diversity of generated sequences.

Training

Learning Rate 0.0001 Learning rate for the optimizer.

Batch Size 16 Number of samples per step.

Data Parallel 4 Number of batches per step.

Epochs 200 il;mber of times to iterate over the entire data-

Warmup Steps 5000 Number of steps tq gr.adually ir}crcasc the learn-

ing rate at the beginning of training.

Weight Decay 0.1 Penalizing large weights.

Precision Training Mode  bfloat16 Utilizes bfloat16 for mixed precision training.

Optimizer Adam Optimization method for updating weights.

Loss Function Cross-Entropy  Loss function for training the model.
Tokenizer

We use the same tokenizer as the original ProGen2. The vocabulary of the tokenizer
comprises 30 tokens, including 20 amino acids, 5 special tokens, and 5 unused tokens.
Among the 5 special tokens, we use ‘1’ and ‘2’ to represent the N-terminal and C-
terminal sides of the protein sequence respectively, representing the end of the sequence
by the end-of-sequence token ({(eos)). To handle sequences with different lengths, the
padding token ((pad)) will be added at the end of the sequences. Since the structure
prompt is added at the beginning of the protein sequence to indicate the start of the
sequence, thus we do not use the (bos) token. Fig. 1 shows an example of a constructed
data batch.
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Supplementary Fig. 1 Illustration of batch construction. We concat the structure prompt with
protein sequence to train the InstructPLM, and special tokens ‘1’, ‘2’, (eos) and (pad).

Supplementary Table 2 Perplexity with/without
special tokens.

Perplexity on CATH 4.2

Model ‘ Short  Single-chain  All
InstructPLM-full vocab. 3.28 3.20 2.71
InstructPLM 3.22 3.17 2.68

Training and Evaluation

During the training phase, following [1-4] we first filter the CATH 4.2 dataset with
sequence lengths less than 500. We exclude the loss calculation of the tokens where
the corresponding structure is missing, as same as other special tokens: ’'1’; (eos), and
(pad). We keep the loss calculation of special token "2’ to teach the model where to stop.
We evaluate InstructPLM on the CATH 4.2 validation set at the end of each epoch,
and perform early stopping based on validation LM-loss, which can drastically reduce
the training cost. As the vocabulary of InstructPLM is larger than other baselines,
for fair comparison, we only calculated the perplexity on 20 valid amino acids. The
perplexity on the whole vocab is shown in Supplementary Table 2. Our methods
are still optimal even with a larger vocabulary. To evaluate designed sequences, we
truncate each sequence between ‘1’ and ‘2’ from the original output of InstructPLM
resulting in a sequence with pure amino acid tokens.

More Results on TS50/TS500

We further test InstructPLM on the TS50 and TS500 datasets. As Supplementary
Table 3 shows, our methods are better than the best baselines by large margins.

Designed Sequences for PETase and L-MDH

As for PETase, Supplementary Table 4 and Supplementary Table 5 list the 15 designed
protein sequences. Supplementary Fig. 2 shows the sequence alignment results by
ENDscript [9] of PETase generated by InstructPLM, Fast-PETase [10] and wild-
type PETase. As for L-MDH, Supplementary Table 6 and Supplementary Table 7
list the 15 designed protein sequences. Supplementary Fig. 4 shows the sequence
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Supplementary Table 3 Sequence design performance on
TS50 and TS500. The metrics include perplexity (exponentiated
categorical cross-entropy loss per residue) and recovery rate (percentage
of correctly predicted residues). The best performance is bold, while
the best baseline is indicated with an underline.

Model ‘ Perplexity | ‘ Recovery 1

| TS50 TS500 | TS50 TS500
StructGNN [5] 5.40 4.98 43.89 45.69
GraphTrans [5] 5.60 5.16 42.20 44.66
GVP [6] 4.71 4.20 44.14 49.14
GCA [7] 5.09 4.72 47.02 47.74
AlphaDesign [8] 5.25 4.93 48.36 49.23
ProteinMPNN (3] 3.93 3.53 54.43 58.08
PiFold [1] 3.86 3.44 58.72 60.42
InstructPLM 2.29 2.42 67.99 64.22
(Relative Gain) (-32.9%)  (-26.45%) | (+15.79%) (+6.28%)

alignment results by ENDscript [9] of active L-MDH generated by InstructPLM and
wild-type L-MDH. An example of L-MDH designed by InstructPLM is illustrated in
Supplementary Fig. 3.
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ALDLAYAASLYODSAVIDTIOAAYLADATAUMTMSIVALYVISOVLOYODSNISNIDTHOODATHINA
VIMJdTISVATSNAAJISHSSAIVILANO VOWNIALAADASSANLSLHMAVIdTV VI ISANNVVVIISDODON
SHOWADOUSLAAMINAIISSSLSNINVAONTV VINIOLSUSAdOAAISNLALLINAAADHSVTHIO MM DI
SYOLOLADIAIVIVAAYODDVALIAAADDOVOADUINSADASOALAIDVSVATISV LLIAIOMAAINLAN

AdDLSYAJSLLASNY dVODTAOSAULAD AT TMSILNYDNIDTSAND LNISNIDAHDODATATA
VIALSVATSNAAJAVHSSAIVASASAD VIIALIALANSANLSIHMIVINAIVVIININNINVSITVO DO DN
SHOWADDULLAAMNAIISSSLSNTLAIONTYV VINIOLVUSAdOAALSOLALLNAAIDHSVITHIDMMIA
VSOLOLADIAIVAVOAMTDOVALIAAADDVOIDTIYSASASSALAIOVSVATISVILIAIDUYSAINLAY

HIDILSYAASIVIONIAIDTAOAAXYLANAAAYSITMSISAMVIVINSSNd VAHS DD TTATAY
MALSSAISNAAJIOSHSSAIVALANO VOAIITLIALADSAALSLHMAVINAIVVIISANANVVITISOOODIN
SHOWAVOULLAAMDAIISSSLSNTISADATVVTIONVISAIOAALSILALLINAAIDHSVTEdD MMMA
SSOSOLADIAAVIVOAUDDVALAAAALDVOADVIUSASASOALAIDVSVAISVLLIAIDYSAINLAY
AIDINYAASIVSNSddIDTAOAAYLANAIAY M TM VISAMVILINSSNd VAHS VO TH
INAVIJISSAISLAAJIVHSSAdVALANAVODIIALIADANSANALSHM AL IIVVVIISINADVVITIVOOOD
INSHONADOULLAAMDAIISSSLSNTLYIONTVVINIONSHSAdOAIASNLALLINAAADHSVTHdD MM
MISSOUVILADIAIVIVOAMODVALIAIALDVOADAJIHSASASSALAIOVSVATISV LLAAIDYLAINLAY
NJIOSNYAASIVSNdddIDTAOTAYLANAAIIM TMSIVASIONLSNASNIDAHSVNNTHTA
VIAJIDSSTSSAAdASHSVAIVILADADDATITLAALAVSANLSIHM dVINA VSV ININAOVVITISDOODIN
SHONWADOULLAAMNAIISSHLSNISVAOATVVINIOVSUSAdOATLSNLALLINAAADHSVTUdD MMIN
ASSOUOLADIAIVIVAADDOVALIAIATDVDADYJUYSALISOALAIDVSVHAISVALIAdOYLAINLAD
HIDLAYAASTINSNAddID TAODTA Y LANAAIYSITMSIVAMVIVINSSNdVAHSVOATATA
VIALSSdTISNAAIOVHSSAIVILAVOD VAITLIALADSANLSSNMAVINA TV V' ININAO VSIISODDON
SHOWADDULLAAMNAIISSVLSNTLVIONTVVINIOASYSAdOAALSNLAILINAAIDHSVIINIO MM YH
ISSOUDLADIAIVIVAAUDDVALAAAALDVOIDUIUSAUASSALAIOVSVO ISV V. LANIDUHAINLAN
HJIDOLAYAASIVSSddddOTAOTAYLAAAIIY M TMSISAMVILLNSSNdVAHS VOV
THTAVIATLSdTSLAAJISHLSAIVISANAVOIITLIADASSANLSLHM AV IJIVVITAINNOVSIISOOD
DINSHOWADODULLAAMDAIISSSOSNTUSADATVVINIOVSUSAIOAALSNLALLAAAADHSVTHdD MM
MASSOLOLADAVIVIVAAYDDVALIAAIALDVOADTIYSASASSALAIDVSVATSVHLAAdDUYSAINLAS
dDLIYAASIVLIOSAVADTAOAAYLADAAAYINMSIV AMVILLNISNIDAHDODTTHT
AVIJALSAISNAAJISHSSASVALASOVOIINLIADADSANLSSHM IV IAIVVIISINNINVSIISDOODIN
SHOWADOULLAAMDAIASSSLSNTLVADATVVINIOSVUSAdOAALSNLALLINAAADHSV THID M MU
VVOLOLADIAIVIVOAUDDVALIAAALDVOIDIIMSAHYASOALIDOVSVHISYVVLALIDMVAINLAL
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AJIONAHAASITLLOSAddDTADAAYLANTAII T TMSISAMIVIASNLSNAVAHS VO SITH
INAVIATISSdTSNAAJISHLSAIV.LLANSVDAI'TLAALASSANLSSHMAVIAIVVITOANNVVVIISDODD
INSHOWADOULLAAMNAIISSHOSNINVIOA TV VINIONSUSAdOAALSILALLINAAIDHSVIHdD MMY
ISSOLOLADJIAIVIVOAUDDVALIAAALDVOADTIUSASASOALAIDVSVAISVLLANIDUYLAINLAD

TdDHUNSMUSIASSSOSNA IO TADAAYLANATAITINM VID AHATOLNISNID AHDOD L TATAV
dLSVJTISNAAdTVHILSAdVILANODOVIAALAALADSANLSAHM AV IAVVVITOINNOVSITVODODOHDS
HOWADDUVILAAMDAIISSLSSNTLSADATVVINIOVSUSAdOAALSNLALLINAAADHS VIINdD MM YA
SOONOLADIAIVAVIAUDOVALIAAADDVOAIDAJIUSASASSALAIDVSVATISVSLANIOYHAINLAY

dOSNYASSTLSVNAJIdDVADSAYOAVATAYSAMIVINOVALIINLINIAAHS VOV TAT
AVIALSVAISNAAJIVHSSAIVALAVOVOII'TLAIALASSANLSIHM dVINAIV VI ININNINVSITISODODOIN
SHOWADODYSLAAMNAIISSVSSNTLVIONTVVINIOVSYSAdOAALSSLALLINAAADHSVIHID MMMA
SSONDLADIAIVIVAAYDDVALIAAALDVOADTIYISAHASOALAIDVSVHISVV LANIOHHAINLAN
SNdDLSHASSIVSASASADTADSAULANAAII TMSIVASIVILINISNIDAHS DO VIH
IAVIdTISSATSNAAJISHSSAdVILAND VOIAALIALASSANLSAHMAVINAVVVITOINNINVSIISDODD
INSHOWADDUSLAAMDAIISSVISNTLYADN TV VINIOSSHSAdOAALSNLALLIAAADHSVTHdD MM
ASSOLDLADIAIVAVAAYODVALIAAADDVOADVIUSASASSALAVOVSVATISVV LANIDYHAINLAS
HIDINYAASIVISLAVIDTAOAAHLANAIAY I TMSISAS VILINISNd VAHS VNN'T
HTAVIATSSATSNAAJAVHSVAIVILANAVOIITLIADANSANLSVHM AL TAIVVIININADVSIISODD
DINSHOWADDULLAAMDAIISSHLSNINYVIOATV VINIOSSUSAdOAALSILALLINAAADHSVIHdD MM
HISSOLVLADJIAIVIVOAYODVALIAIALDVOADTIYSASASSALAIOVSVHATISYVSLANIDUSAINLAD
NIDLAYADSIVASOVAdIDTADAXILANAAIYSINM VIO AMVILINISNdDAHDONLTAT
AVIALSVJATSNAAISVHSSAIVASASHODAITLIALADSANLSVHM AV IdIVVIISANANVYSITVODOD
INSHOWADDYUSLAAIMNAIISSHOSNTAVIOATY VINIOSVISAIO AALSHLALLINAAADHSV THIO MM
MASSOLOLADIAIVIVOAUDODVALIAAALDVOADVJIUSASASSALAIOVSVATISVSLAAdDYUYSAINLAS
NIDINYAASISSSSASID TAOAAYLANAIIIMNMSISASIVIASNASNdVAHSVO'T
HTAVIALSSdTSNAAJISHSSAdVILANDVOAITLAALAVSANLSSHM AV IAIVVIISANNOVVIISDODD
INSHOIWADDUSLAAMDAIAISSSSSNTLSADNTY VINTIOSSHSAdOAALSNLALLNAAADHSVTHID MM
ASSOLDLADAVIVIVAAYDOVALIAAALDVOADTISSAMASYALAIDVSVATISVOLIAIDYHAINLAN
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MAdINMIAHADMHINODMTOVADVHTIMMHAINADSTANAVIHVONIOD THIdAASIAQ
ADLVIIAADDAADITAAALITAAADMADT TV A TAMAVAUADVAVINS TLY SOVOATNVIAATADDAOA
YHLTIAIAAASASADIAMSATIALLADSHODAAJILIASAAMOD LATO LALO VHAAATLLADATIMAAA
ADVVITATVVIAALSNAINSITTIAVIdOATVAODMATAYATIOVNINATAHLNOIMYdADVIIAAAAVD
VIVIMTOAAMdTHOAIMVISSIHSTAV VADdINAIAATVIAAATISINM TTASTdADIODSVOTADVIAN

VHVAVADMAINMMTAdIOVHATIMMAVHLVOVIANIVHVONIOTIAJASIAAD
DLAMVIVADDIADITAAALJAAIDIADMIVUTASAVAUADVAVINS TLY SOVOAMVIAATADDADAUN
ATVAAMAMAILAV ALV ISATIAILIDSHODAAJLLAMSIAMODLAAD LALO VIAAA TLLADATY M dAA
ADVVITATVVIAALSNAINSIITIAVIdOATVAODMATAYATIO VNINATATHLNOIMYdADVIIAAAAVD
VIVIMTOAAVATHOVAMVASAIHSTAVVADJINAIAATVTHAITASHM TTISTdADIDOSVOTAD VAN

VAdANIVAHADMVINDMTOVIVVATIMMAVALVOHIAINTVIHVONIOTIHAJASHAHVD
IVIOIAVODIADITAAILIAAADSADNV VHIAMAVAYADVAVINS TLVSOVOATVIAATADDIDAUN
ATVATIAVAIVASIMVOSITAALLADSHODIAJALTIV dOMAD L TASAALS VHAAATLLADAANI M IAAA
DVINTLHVAIJALSNAINSIATAAVIIOAMVID LV ITAYATO VNIMATAAYLINDIMYdADVAIIAAAVO.L
TV TOAAAITHOSAMVALSIHS TAVVADIINAAJATY THAATISOMTTISTdODIDDVVOTAVAMIAN
MAVNVATAODMVINOMTOHIVAVTIVIHMALATVIINIVIHVONID THAIASAAAADL
VIVIVADDVADJITAAASIAAADVIDIAVIIAMAVATAIDVAVINS TLV SO VOAMVIAATADDIOAUNL
TVATIAVJIAAVIIDTSATIAILADSHODAAID TIVAAMOD LAAD LALO VIAAATLLADATYMdAAA
DVVMTATVVIAALSNAINSIITIAVIdOD AHVADMATAYAID VNINATAAELIND dMHYIAD VAIAAAAVOV
TVIVIDAAVAdTHOVANVASSIHSTAVVADJLNAIAATVIAAATISSM TTASTdADIDDSVOTADVIAN
OddANHVAVADIVINOMTOHAIVAVTIVIAMALAAVAANIVIAVONID TAIIASAAAAD
IVIVIVADDVADITAAALJAAID LADMIVITAVAVAUADVAVINS TLVSDVOAMVIAATADDADAUN
LTIVATIAVAIMASAVVISATIALLADSHODAAIDI TIVIAMODLAAY LALO VIAAA TLLADATYM dAA
ADVVITATVVIAALSNAINSIITIAVIAOAHVADMATAYAISVNINATAYLNODIMYdADVIIAAAAYVD
LTIV TOAAAdTHOMANVASSIHS TAVVADJILNAIAA TS THAATISNI TTISTdODIDDVVOTAVVIAY
MVAAVADMAINMMTOVIOVHTIMMHAV.LVOHIANIVIMVOAdD TAIdASIAADD
LAMVIVADDAIDITAAALIAAIDSADIMV VIIAMAVAYADVAVINS TLYSOVOAMVIAAHADDADAUNA
TVAAMAIIIAAVIIVISATIALLADSHODAAJIATAV dAAMODLAAYV LALO VHAAATLLADATIMdAAA
DVVITAIVVIAALSNAINSIHTIAVIdOATIVADMATAYAID VNINATAAYLIND IMHYdADVIIAAAAVOV
TV TOAAMdTADVANVASSIHSTAVVADILNAAJATS TAAATISNY TTIVIdODIDDSVOTADVIAN

MAIAADIVINDA TOTADVATTIMADALANS TANIVIAVOAID TAIIASIIADD
LVIMIVADIDHAADITAAALJAIIDMAD M TY M TASAVAHADVAVINS TLYSOVOAMVIAATADDADAUNA
TVATIAVIINAVIMVOSATIALLADSHODIAJIALASIAMODLAAY LALOVUAAAQTLLADATIM dAAA
DVVITAHAVVIHALSNAINSIITIAVIAVATIVADMATAHIAID VNINATAAYLNDIMYIADVAIAAAAVOV
TV TOAAMdTHOVANVASATHS TAV VADJIINVIAA TS TAAATISOMTTISTdADIDDSVOTADVIAN

OdANOAIVADIAINTATOIIVATTTANAAY LADATINIVIAVONID TAAIASIATAD
LVIVIADDVADITAAALIAAADSHDMTVHIAMAVAUADVAVINSTLYSOVOAMVIAATADD ADAUM
LTVATIAYdASVIATSATIAILADSHODAAJIAAV LI D LTIOLALO VIAAATLLADATIM dAAAD
VVMTAIVVIAALSNAINSIITIAVIdVAHVADMATAYAISVNINATAAHLIND IMAIdADVIIAAAAVDV'T
VIMTOAAAdTHDOVANVASATHSTAVVADIINAATATYIAAATISOMTTISTAIADIDDSVOTADVIAN
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OdANHVATIADMVIND I TOHAIVVITIVIHHALAASTANIVIAVONID THIJASAAAADL
AMVIVADDIADITAAISIAITOMAD VY VI TAMAVAUADVAVINSTLV SO VOAMVIAATADDADAYNA
TVAAMADJISAVINVVSATIALLADSHODIAJIAAVVAAIOD LTIV ILALO VIAAQTLLADATIO INAA
DVVITAAVVIAALSNAINSIITIAVIdDAAVADMATAYAID VNINATAAQULNDIMYIADVIIAAAAVDL
TVIITOAAVATHOSAMVASSIHSTAVVADJINAIAATVIAAATISO I TIMS TIADIDDSVOTADVIIAIN

ANSLAAVADMIINDMTOVAVVHTIVIAMASATISAANIVIHVONID THIIASIAADD
LVIMIVADDOVADITAAASAAAIDMADMIVHTIAMAVAUIDVAVINSTLVSOVOAMVIAATAADDAIDAUN
LIVATIAVAINASALVISATIALLADSHODIAJINALVIAIOD LAAO LALAVIAAA TLLADATYIdA A
ADVVITAAVVIJALSNAINSIITIAVIdVATVADMATAYAISYNINATAQYLNDIMUYIADVIIAAAAYD
VIVHITOAAMdTIOMANVASSIHSTAVVADJIINAIAA TS TAAITASO M TTISTAADIDDSVOTAVVIAIN

VAINMAAAIOMVINLITOAIVIVITVMAMALY VSAANAVIAVONID TIAIASAIADD LY
SMIAADDFIADITAAALIIATOMADSIAVIIAMAVAYADVAVNSTLVSOVOTIVIAATADDADAUNAT
VAIAVATIAVIIDTSATIALLADSHOOAAJIALIVIdMIOD LATO LALO VIAAQTLLADATYMdAAA
OVVITAAVVIJALSNAANSIHIIAVIdVATVADMATAYAISVNINATAQYLNDIMNYAIDVIIAAAAVOY
TV TOAAVITHOVANVISSIHS TAVVADIINAATA TV IHAATISOMTTIVIAODIDDSVOTADVIAN
MAANOIIHADMVINOO TOHAVIVTTNHAANVIAVIANAVIVVOAVOTIAJASIAAAD
LVIVIVADOVADITAAALIIAADSHOMIVITAMAVAIADVAVINS TLVSOVOAIVIAATADDADAYN
ATVAAIAVIIAASIMVISATIALLADSHOOAAJINASYdAMOD LATY LALO VIAAQTLLIADATYdAA
ADVVITAAVVIAALSNAINSIITIAVIAVAAVADIATAYAISYNINATAAQULNDIMNUYJADVIIAAAAYD
VIV TOAAVJdTHOVANVISAIHS TAVVADILNAAJATSTAAITISOMTTISTAADIDOSVOTADVIAN
MAANOAAVADIMVINOMTOVAVVVTIVIEMNANADIAANIVIAVONIDTAIIASAAAA
DLAVVIMADDVADITAAISIAAADSTOMVVIIASAVAHIDVAVINS TLVSOVOTSIVIAATADDADAY
MLIVATIAVAINAVALYOSATIALLADSHODIAJIAISYdAMOD LIV LALO VIAAQTLLADATYMAAA
ADVVITAAVVIAALSNAINSIITIAVIdDAAVADMATAYAISVNINATAAULND IMNUIIDVIIAAAAVOV
TVIDITOAAVATHDOVANVASSIHSTAVVADIINAATA TS THAATASOMTTISTAODIDOSVOTADVIAN
VAdANIAITADMHAINOMTOVAD VAT TINHAJILIDONAANIVIAVONIDATALLSAAALOL
VISIVADOHIADITAAALALAIDMAD VY VHTISNVALVOVAVINS TLVSDVOTMVIAATZADDADIUNLT
VATIIMdAMAVILYOSTIdTLLADSHODAAIINAMVdATTD LAASALLS VIAAATLLADATYMdAAAD
VISIAAAVAIALSNAINSIATAAVIIDHO VIOV IAYAIDVNISIATAQHLND ISTHIAD VAIAAAAVOL
TVIDITOAAOJITHDSAMVALSIHSTAVVADILNAAAA TS THAA TSI TTISTIODIDODVVOTIAVAMIAN
MAdINMAATADMVINOMTOHIVV VI IMMAVALANDAANIVIOVOAID TAIIASAIAADL
VIMIVAODHIADITAAASIHAIDSHOMVVIIAMAVAUADVAVINS TLVSO VO VIAATADDAOAUNAT
VATIAdATIADV LY MSATIALLADSHODIAJIAAASIAMOO LAAD LALO VIAAATLLADATYMdAAAD
VVITAAVVIdALSNAINSITIAVIdVATVADMATAYAISVNANATAAQULNDINUIADVIITAAAVOLT
VITOHAAVITHOVAMVASNIHSTAVVADIINAATATY TAAATISOMTIMSTIADIDOSVOTADVIAN
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Supplementary Fig. 2 Alignment by ENDscript [9] of PETase generated by InstructPLM, Fast-
PETase[10] and Wiled-type PETase. All of them (15/15) have the strictly conserved catalytic triad
SER134-HIS212-ASP180. Not all sequences (4/15) have two intramolecular disulfide bridges (DS1
and DS2) and all of them (15/15) have DS2 connleézts the C-terminal helix and the last loop.



Supplementary Fig. 3 An example of L-MDH designed by InstructPLM, the protein structure is
predicted by ESMFold. It has the same activate site HIS179 with Uniprot: AOA319AA41 which hit
the UniRule PIRSR: PIRSR000102-1 [11].
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Supplementary Fig. 4 Alignment by ENDscript [9] of L-MDH(Uniprot:A0OA319AA41) and L-
MDH which generate by InstructPLM and have detectable enzymatic activity. It has the same activate
site HIS179 with Uniprot: AOA319AA41 which hit the UniRule PIRSR: PIRSR000102-1 [11].
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