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Implementation Details22

To ensure the reproducibility of our results and facilitate the understanding of our23

model’s architecture, we provide a detailed description of the hyperparameter and24

training settings employed in InstructPLM.25
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Initialization26

• Linear Layers: The weight parameters of the linear layers are initialized using a27

truncated normal distribution with a mean of 0 and a standard deviation of 0.02.28

The biases are initialized to zero.29

• Layer Normalization: The weights and biases of the layer normalization modules30

are uniformly initialized to 1.0 and 0, respectively. This initialization scheme ensures31

a standardized starting point for the training process.32

Hyperparameters33

We show our model hyperparameters and training configuration in Supplementary34

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
Number of times to iterate over the entire data-
set.

Warmup Steps 5000
Number of steps to gradually increase 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.

35

Tokenizer36

We use the same tokenizer as the original ProGen2. The vocabulary of the tokenizer37

comprises 30 tokens, including 20 amino acids, 5 special tokens, and 5 unused tokens.38

Among the 5 special tokens, we use ‘1’ and ‘2’ to represent the N-terminal and C-39

terminal sides of the protein sequence respectively, representing the end of the sequence40

by the end-of-sequence token (⟨eos⟩). To handle sequences with different lengths, the41

padding token (⟨pad⟩) will be added at the end of the sequences. Since the structure42

prompt is added at the beginning of the protein sequence to indicate the start of the43

sequence, thus we do not use the ⟨bos⟩ token. Fig. 1 shows an example of a constructed44

data batch.45
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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.

Model
Perplexity on CATH 4.2↓

Short Single-chain All

InstructPLM-full vocab. 3.28 3.20 2.71
InstructPLM 3.22 3.17 2.68

Training and Evaluation46

During the training phase, following [1–4] we first filter the CATH 4.2 dataset with47

sequence lengths less than 500. We exclude the loss calculation of the tokens where48

the corresponding structure is missing, as same as other special tokens: ’1’, ⟨eos⟩, and49

⟨pad⟩. We keep the loss calculation of special token ’2’ to teach the model where to stop.50

We evaluate InstructPLM on the CATH 4.2 validation set at the end of each epoch,51

and perform early stopping based on validation LM-loss, which can drastically reduce52

the training cost. As the vocabulary of InstructPLM is larger than other baselines,53

for fair comparison, we only calculated the perplexity on 20 valid amino acids. The54

perplexity on the whole vocab is shown in Supplementary Table 2. Our methods55

are still optimal even with a larger vocabulary. To evaluate designed sequences, we56

truncate each sequence between ‘1’ and ‘2’ from the original output of InstructPLM57

resulting in a sequence with pure amino acid tokens.58

More Results on TS50/TS50059

We further test InstructPLM on the TS50 and TS500 datasets. As Supplementary60

Table 3 shows, our methods are better than the best baselines by large margins.61

Designed Sequences for PETase and L-MDH62

As for PETase, Supplementary Table 4 and Supplementary Table 5 list the 15 designed63

protein sequences. Supplementary Fig. 2 shows the sequence alignment results by64

ENDscript [9] of PETase generated by InstructPLM, Fast-PETase [10] and wild-65

type PETase. As for L-MDH, Supplementary Table 6 and Supplementary Table 766

list the 15 designed protein sequences. Supplementary Fig. 4 shows the sequence67
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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 ↑

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 and68

wild-type L-MDH. An example of L-MDH designed by InstructPLM is illustrated in69

Supplementary Fig. 3.70
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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 connects the C-terminal helix and the last loop.
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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: A0A319AA41 which hit
the UniRule PIRSR: PIRSR000102-1 [11].
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Supplementary Fig. 4 Alignment by ENDscript [9] of L-MDH(Uniprot:A0A319AA41) and L-
MDH which generate by InstructPLM and have detectable enzymatic activity. It has the same activate
site HIS179 with Uniprot: A0A319AA41 which hit the UniRule PIRSR: PIRSR000102-1 [11].
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