






alignments, which are typical of traditional methods. In this way, it is uniquely useful 422

for investigating large sets of uncharacterized proteins. Further, our model provides 423

insight into the evolutionary relationships of proteins within an enzyme superfamily, by 424

identifying some traits that are specific to each protein. The novel uncharacterized 425

members of heme-copper oxygen reductases that we have described and the unique 426

features we have identified in their protein sequences would be an interesting set of 427

targets for biochemical characterization. In our work, we have seen the promise of deep 428

learning methods; to classify proteins and to identify innate structural and functional 429

features associated with function, directly from primary sequence. In the future, these 430

methods can be used to tackle the heterogeneity in biological sequence data and 431

understand aspects of protein diversity and functional adaptation. 432
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Family Threading templates used C-score TM score

D 2yevA, 1occA, 1fftA, 3ag3A, 1ocrA 0.84 0.83±0.08
E 1m56A, 1occA, 2y69A, 2gsmA, 1fftA, 3ag3A 1.2 0.88±0.07
F 2yevA, 1occA, 1fftA, 3ag3A 0.03 0.72±0.11
G 1fftA, 1occA, 2yevA, 3ag3A 0.49 0.78±0.10
H 2yevA, 1occA, 3fyiA, 2gsmA, 1fftA -0.91 0.60±0.14
I 2yevA, 1occA, 1fftA, 3ag3A 0.11 0.73±0.11
J 1fftA, 3eh3A, 1m56, 2y69A, 2yev, 1ehkA 0.44 0.77±0.10
K 2yevA, 3eh3A, 1fftA, 3ag3A, 1ehkA 0.26 0.75±0.10
ENOR 2yevA, 3eh3A, 1fftA, 3ag3A 0.19 0.74±0.11
BNOR 2yevA, 3eh3A, 1fftA, 3ag3A, 1ehkA 0.5 0.78±0.10
SNOR 1fftA, 1occA, 3fyiA, 1m56, 3ag3A 1.03 0.85±0.08
NNOR 2yevA, 1occA, 2yevA, 1m56, 3ag3A 0.98 0.85±0.08
GNOR 1fftA, 1occA, 1ocrA, 1m56, 3ag3A 0.53 0.78±0.09

Table S2. Homology models made for uncharacterized HCOs on i-TASSER with their
quality scores

Fig S1. Work flow for the generation of a curated database of protein sequences with
labels. This database is then split into training, validation and test set to generate a
classification model using FIND
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Fig S2. Phylogenetic clustering of nitrogenases using the nifD subunit. Tree was
generated using PhyML. Clusters corresponding to nifDI, nifDII, AnfD, VnfD and
nifD-ANME were extracted and used to train FIND. Groups III and IV were not used
in our training sets because of the smaller number of sequences in those clusters.

Fig S3. Phylogenetic clustering of cytochrome bd -type oxygen reductases using subunit
I. This phylogenetic tree was generated using PhyML. Clusters corresponding to
E1,E2,E3,E4,B,A and C were extracted and used to train FIND.
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