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Table S1. The peripheral membrane proteins of the training set, their PDB code, and their experimentally known 
hydrophobic membrane-penetrating residues after data selection. Residue numbering is the same as in the PDB 
structures. 

Protein PDB 
Membrane-penetrating 

residues Reference 

Cytosolic phospholipase A2, group IVA 1cjy, 
chain A 

F35, M38, L39, Y96, V97, M98, 
W464 [1-4] 

Synaptotagmin-1, C2A domain 2k45 M34, F95 [5, 6] 
Protein kinase C alpha, C2 domain 4dnl P188, T250, T251 [7, 8] 
Synaptotagmin-1, C2B domain 4v11 V305, I368 [9] 
Protein kinase C epsilon, C2 domain 1gmi W23, I89, Y91 [10] 
Neutrophil cytosol factor 4 (p40phox) 1h6h F35, Y94, V95 [11] 
Neutrophil cytosol factor 1 (p47phox) 1kq6 I65, W80 [11, 12] 
Early endosome antigen 1 FYVE domain 1joc V1367, T1368, V1369 [13, 14] 
Vps27 FYVE domain 1vfy L185, L186 [15] 

C1 domain of protein kinase C delta 
3uej, 

chain A 
M239, P241, T242, F243, L250, 
W252, L254, V255 [16] 

Epsin ENTH domain 1h0a L6, M10, I13, V14 [17] 
C2 domain of coagulation factor V 1czs W26, W27 [18] 
C2 domains of coagulation factor Va 1sdd Y1943, L1944, W2050, W2051 [19] 

Coagulation factor VIII 2r7e 
W2093, M2199, F2200, L2251, 
L2252 [20, 21] 



Annexin V 
1anx, 

chain A 
T74, W187 [22] 

Equinatoxin II 
1iaz, 

chain A 
W112, Y113 [23-25] 

Prostaglandin H2 synthase 1 2ayl I74, W75, W77, L78, F88, F91, 
L92, W98, L99, F102 [26] 

Pancreatic phospholipase A2, group IB 
1hn4, 

chain A 
W3, L19, M20 [27] 

Bee venom phospholipase A2 1poc I1, I2, F24, I78, F82 [28] 

Phospholipase A2, group IIA 
5g3n, 

chain A 
L2, V3, L19, F23, V30, F63 [28] 

Acidic phospholipase A2 1 1poa Y3, W19, W61, Y63, F64, Y110 [29-31] 

Snake phospholipase A2, group II 1vap, 
chain A W20, W30, W109 [32] 

Snake phospholipase A2, group II, B 
4hg9, 

chain A Y120, P121, I124, L125 [33] 

Phosphatidylinositol-specific phospholipase C 2ptd I43, W47, W242 [34] 

α-toxin (bacterial phospholipase C) 
1gyg, 

chain A Y331, F334 [35] 

Arachidonate 15-lipoxygenase 2p0m, 
chain A Y15, F70, L71, W181, L195 [36] 

8R-Lipoxygenase 
2fnq, 

chain A W413, F414, Y448, W449 [37, 38] 

Signal peptidase I 
3iiq, 

chain A W300, W310 [39, 40] 

Perfringolysin 1pfo W466, T490, L491 [41, 42] 
Hepatocyte growth factor-regulated tyrosine 
kinase substrate (Hrs) 

1dvp F173 [15] 

Prothrombin, GLA domain 1nl1 F5, L6, V9 [43] 
Sorting nexin-3 5f0p From chain C F103, F110  [44] 
Beta-2-glycoprotein 1 1c1z L313, F315, W316 [45] 

Alpha-tocopherol transfer protein 
1oiz, 

chain A F165, F169, I202, V206, M209 [46] 

Annexin 24 
1dk5, 

chain A 
W35, W107, Y192 [47] 

Protein kinase C gamma type C1B domain 1tbn Y123, L125 [48] 
Protein kinase C gamma type C1A domain 2e73 W57, I59 [48] 
RAF-1 proto-oncogene serine/threonine-protein 
kinase 

1faq L147, L149, F158 [49] 

Eosinophil cationic protein 
4x08, 

chain A W35 [50] 

Antimicrobial peptide kalata B1 2mh1 W22, P23, V24, L30, P31, V32 [51] 
Kappa-theraphotoxin-Scg1a 1la4 Y4, L5, F6, W30 [52, 53] 
Dual adapter for phosphotyrosine and 3-
phosphotyrosine and 3-phosphoinositide 

1fao L177, V178 [54] 
Pleckstrin homology domain-containing family A 
member 1 

1eaz V204, M205 [54] 

Sticholysin II 
1gwy, 

chain A W110, Y111, W114, Y136 [55, 56] 

Sticholysin I 2ks4 
F51, F107, Y109, W111, Y112, 
W115, M135, Y136, Y137 [57] 

Matrix protein VP40 1es6 L295, V298 [58, 59] 
 



Table S2. The peripheral membrane proteins of the test set, their PDB code, and their experimentally known 
hydrophobic membrane-penetrating residues after data selection. Residue numbering is the same as in the PDB 
structures. 

Protein PDB Membrane-penetrating residues Reference 
Retinoid isomerohydrolase 3fsn F196, F200, I202, F264, L265, W268, L270, W271 [60] 
Voltage sensor toxin VSTx1 1s6x F5, M6, W7, W27, V29, L30 [61-63] 

Cytotoxin 2 1ffj 
L6, V7, P8, L9, F10, Y22, M24, F25, M26, V27, P30, 
V32, P33, V34, I39, L47, L48, V49 [64] 

Sphingomyelinase C 2ddr, 
chain A W284, F285 [65] 

Glycolipid transfer protein 3rzn W142 [66] 
Cholesterol-regulated Start protein 
4 

1jss, 
chain A 

L124 [67] 

Ceramide transfer protein, PH 
domain 2rsg W33, Y36 [68] 

Phosphatidylinositol transfer 
protein beta isoform 

2a1l W202, W203 [69] 

 

 

 

 

Figure S1. The 10 most important features for A) extremely randomized trees classifier and B) LightGBM classifier. 

 

 

 

 

 

 

 

 



Table S3. Description of the most important features from the two tree-based approaches. The most important 
features express hydrophobicity and solvent exposure. The mean values are for each residue and the surrounding 
residues in a Cα – Cα distance of 7 Å. 

Residue Feature Name Description 
non_polar_abs Non polar SASA  
mean_non_polar_abs Mean non polar SASA 
A_NO SASA 
mean_all_atoms_abs Mean SASA 

wR2(Del(G)NA9)_NO Weighted squared mean radius of the gradient of electronic kinetic energy density 
perpendicular to the atomic surface 

mean_Hydrophobicity2 Mean Wimley-White hydrophobicity scale from water to n-octanol 
Css Coil loop secondary structure 
GNM Squared fluctuations calculated with GNM 

wFLC(Del(G)NA9)_NO 
Weighted fraction of local contacts of the gradient of electronic kinetic energy 
density perpendicular to the atomic surface 

wLCO(EP4)_NO Weighted residue local contact order of an electrostatic potential descriptor  
mean_Conservation_score Mean conservation score 
wR2(Xi)_NO Weighted squared mean radius of the torsional angle chi 
mean_TCO Mean cosine of angle between C=O of residue i and C=O of residue i-1 

wR2(Z1)_NO 
Weighted squared mean radius of a combined measure of hydrophobicity related 
properties 

mean_all_polar_abs Mean polar SASA 

DGc(F)_NO 
Index of the contribution to the free energy from the conformational entropy in a 
folded state 

mean_Phi Mean phi backbone torsion angle 
 

 



 

Figure S2. A visual representation of our six training sets reduced to two dimensions. The x-axis is the first principal 
component from principal component analysis (PCA) and the y-axis the component from linear discriminant 
analysis (LDA). 

 

 

 

 

 

 

 

 

 

 

 

 



Table S4. The test set predictions of the 21 classifiers and the chosen voting classifier for the initial dataset using 
weights. The best score for each metric is highlighted with bold. In the test set the solvent inaccessible residues are 
excluded, keeping only the interfacial residues (residue depth < 2.5 Å). 

Classifier TN FN TP FP 
Precision 

macro 
Recall 
macro 

F1 score 
macro 

F2 score 
macro 

PR 
AUC 

g-mean 
macro 

MCC 

Decision tree 463 26 18 10 0.79 0.69 0.73 0.71 0.55 0.69 0.48 
Extremely 
randomized 
trees 462 22 22 11 0.81 0.74 0.77 0.75 0.60 0.74 0.54 
Gaussian naive 
Bayes 437 16 28 36 0.70 0.78 0.73 0.76 0.55 0.78 0.47 
Gaussian 
processes 468 35 9 5 0.79 0.60 0.63 0.61 0.46 0.60 0.33 
Gradient 
boosting 468 27 17 5 0.86 0.69 0.74 0.70 0.61 0.69 0.52 
k-nearest 
neighbors 458 27 17 15 0.74 0.68 0.70 0.69 0.48 0.68 0.41 
Light gradient 
boosting 
machine 463 16 28 10 0.85 0.81 0.83 0.82 0.70 0.81 0.66 
Linear 
discriminant 
analysis 456 19 25 17 0.78 0.77 0.77 0.77 0.60 0.77 0.54 
Linear support 
vector machine 445 3 41 28 0.79 0.94 0.85 0.89 0.77 0.94 0.72 
Logistic 
regression 452 6 38 21 0.82 0.91 0.85 0.89 0.76 0.91 0.72 
Multilayer 
perceptron 435 18 26 38 0.68 0.76 0.71 0.73 0.52 0.76 0.43 
Nearest centroid 444 27 17 29 0.66 0.66 0.66 0.66 0.40 0.66 0.32 
ν-support vector 
machine 397 29 15 76 0.55 0.59 0.55 0.57 0.28 0.59 0.13 
Passive-
aggressive 385 22 22 88 0.57 0.66 0.58 0.61 0.37 0.66 0.21 
Perceptron 376 22 22 97 0.56 0.65 0.57 0.60 0.36 0.65 0.20 
Quadratic 
discriminant 
analysis 464 32 12 9 0.75 0.63 0.66 0.64 0.45 0.63 0.36 
Radius nearest 
neighbors 473 44 0 0 0.46 0.50 0.48 0.49 0.54 0.50 0.00 
Random forest 462 26 18 11 0.78 0.69 0.73 0.70 0.54 0.69 0.47 
Stochastic 
gradient descent 453 18 26 20 0.76 0.77 0.77 0.77 0.60 0.77 0.54 
Support vector 
machine 463 29 15 10 0.77 0.66 0.70 0.67 0.50 0.66 0.42 
Extreme 
gradient 
boosting 464 20 24 9 0.84 0.76 0.80 0.78 0.66 0.76 0.60 
Voting 
ensembles 459 10 34 14 0.84 0.87 0.86 0.87 0.75 0.87 0.71 

Note that because not every sample in our dataset is experimentally tested, many false positives may be actually 
membrane-penetrating residues, resulting in deceptive score values. 

 

 



Table S5. Peripheral membrane proteins of the test set, their PDB code, their experimentally known hydrophobic 
membrane-penetrating residues after data selection, and the true positives and false positives predictions of our 
ensemble classifier. Residue numbering is the same as in the PDB structures. With † we note the residues that were 
discarded because their residue depth value was more than 2.5 Å. With * we note the false positive predictions 
that are on the protein-membrane interface, indicating that are true positives in reality. 

Protein PDB Membrane-penetrating 
residues 

True positives False 
positives 

Retinoid isomerohydrolase 3fsn 
F196, F200, I202†, F264, L265, 
W268, L270, W271 

Chain A: F200, L265, 
W268, L270, W271 

Chain B: F196, F200, 
L265, W268, L270, 

W271 

Chain A: 
F262* 

Chain B: 
F262* 

Voltage sensor toxin VSTx1 1s6x F5, M6, W7, W27, V29†, L30 M6, W7 W25, P33 

Cytotoxin 2 1ffj 
L6, V7, P8, L9, F10, Y22†, M24, 
F25, M26, V27, P30, V32, P33, 
V34, I39, L47, L48, V49 

L6, V7, L9, F10, F25, 
M26, V27, P30, V32, 
V34, L47, L48, V49 

V41 

Sphingomyelinase C 
2ddr, 

chain A 
W284, F285 W284, F285  

Glycolipid transfer protein 3rzn W142 W142 
Y81, I143*, 

Y153* 
Cholesterol-regulated Start 
protein 4 

1jss, 
chain A 

L124 L124 W91, 
M196* 

Ceramide transfer protein, 
PH domain 

2rsg W33, Y36 W33, Y36 
I37*, 

W40*, 
F81* 

Phosphatidylinositol 
transfer protein beta 
isoform 

2a1l W202, W203 W202, W203 M74* 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S6. The peripheral membrane proteins of the test set, their PDB code, the predictions of our ensemble 
classifier keeping all residue types, the PPM predictions, and the MODA predictions. Residue numbering is the 
same as in the PDB structures. 

Protein PDB Our classifier PPM MODA 

Retinoid 
isomerohydrolase 3fsn 

Chain A: F200, F262, 
L265, W268, L270, 

W271 
Chain B: F196, F200, 
F262, L265, W268, 

L270, W271 

Chain A: - 
Chain B: P109, F196, 

N199, F200, F262, 
L265, S266, W268, 
S269, L270, W271 

Chain A: R33, S54, E55, V99, 
A107, F108, F196, G197, 
N199, F200, S201, R234, 
F235, L261, F262, L265, 

S266, S267, W268, S269, 
L270, W271, G272 

Chain B: R33, F108,  P109, 
F196, G197, K198, N199, 
F200, R234, F235, L261, 
F262, L265, S266, S267, 

W268, S269, L270, W271, 
G272 

Voltage sensor toxin 
VSTx1 

1s6x 
E1, M6, W7, K8, D18, 
R24, W25, K26, S32, 

P33 
F5, M6, W25, W27 

K4, F5, M6, W7, V20, C21, 
S22, S23, R24, W25, K26, 

W27, V29, L30, S32, P33, F34 

Cytotoxin 2 1ffj 

L6, V7, L9, F10, F25, 
M26, V27, A28, P30, 
H31, V32, V34, R36, 
V41, C42, K44, L47, 

L48, V49 

L6, V7, P8, L9, F25, 
M26, V27, A28, 

A29, P30, H31, V32, 
P33, V34, L35, S36, 
S46, L47, L48, V49 

K4, K5, L6, V7, P8, L9, F10, 
S11, K12, Y22, M24, F25, 
M26, V27, A28, A29, P30, 

V32, P33, V34, L35, P43, K44, 
S45, S46, L47, L48, V49, K50, 

Y51 

Sphingomyelinase C 
2ddr, 
chain 

A 
W284, F285 L128, W284, F285 

N23, L24, Y25, P26, N27, 
C123, L128, Y242, N243, 
F244, P245, T282, S283, 

W284, F285, Q286, K287, 
Y288 

Glycolipid transfer 
protein 3rzn Y81, W142, I143, 

K146, Y153 
P40, V41, T43, P44, 
W142, I143, I147 

G141, W142, I143, V144, 
Q145, K146, I147, Q149, 

A150, Y153, V209 

Cholesterol-regulated 
Start protein 4 

1jss, 
chain 

A 
W91, L124, M196 L124, I126, P198, 

S200 
L124, N125, R222 

Ceramide transfer 
protein, PH domain 

2rsg 
W33, N35, Y36, I37, 
H38, G39, W40, F81, 

E83 

Y36, I37, H38, G39, 
W40, F81 

S31, K32, W33, T34, N35, 
Y36, I37, H38, G39, W40, 
H79, D80, F81, D82, R85, 

R98 
Phosphatidylinositol 
transfer protein beta 
isoform 

2a1l M74, W202, W203 M74, W203 M74, I75, W202, W203, 
G204 

 

 

 

 

 

 

 



 

Figure S3. Comparison of the predictions provided from our classifier, PPM, and MODA for the retinoid 
isomerohydrolase homodimer. Both our classifier and MODA correctly found the protein-membrane regions in 
both chains, while PPM places only one chain in the membrane. The membrane is depicted with a red dotted line 
according to Ref. [60]. 

 

 

 

 

Figure S4. Comparison of the predictions provided from our classifier, PPM, and MODA for the VSTx1 toxin. Correct 
predictions for every tool, with every tool falsely predicting W25, our classifier falsely predicting the N- and C-
terminal, and MODA falsely predicting the beta sheet on the opposite side of the protein-membrane interface and 
the C-terminal. The membrane is depicted with a red dotted line according to Ref. [61]. 

 

 

 



 

Figure S5. Comparison of the predictions provided from our classifier, PPM, and MODA for the cytotoxin 2. Correct 
predictions for every tool, with false positives for our classifier and MODA in the 41-46 region. The membrane is 
depicted with a red dotted line according to Ref. [64]. 

 

 

 

 

Figure S6. Comparison of the predictions provided from our classifier, PPM, and MODA for the sphingomyelinase C. 
Correct predictions for every tool, with PPM and MODA predicting the insertion of other loops which are aligned 
with the experimental residues. The membrane is depicted with a red dotted line according to Ref. [65]. 

 

 

 



 

Figure S7. Comparison of the predictions provided from our classifier, PPM, and MODA for the glycolipid transfer 
protein. Correct predictions for every tool, with our classifier falsely predicting Y81, MODA falsely predicting the C-
terminal, and PPM suggesting the insertion of the P40-P44 region. 

 

 

 

 

Figure S8. Comparison of the predictions provided from our classifier, PPM, and MODA for the cholesterol-
regulated Start protein 4. All tools, predicted the experimentally proven residue L124, with our classifier and PPM 
additionally predicting the 196-200 region, MODA falsely predicting the C-terminus, and our classifier falsely 
predicting residue W91. 

 

 

 



 

Figure S9. Comparison of the predictions provided from our classifier, PPM, and MODA for the ceramide transfer 
protein. Correct prediction for every tool. The membrane is depicted with a red dotted line according to Ref. [68]. 

 

 

 

 

Figure S10. Comparison of the predictions provided from our classifier, PPM, and MODA for the 
phosphatidylinositol transfer protein beta isoform PH domain. Correct prediction for every tool. 

 

 

 

 

 



Table S7. The peripheral membrane proteins of the test set, their PDB code, their experimentally known 
membrane-penetrating regions, the predictions of our ensemble classifier, the PPM predictions, and the MODA 
predictions. Residue numbering is the same as in the PDB structures. 

Protein PDB 
Membrane-
penetrating 

regions 

Our 
classifier PPM MODA 

 
Reference 

Cholesterol oxidase 1coy 
Around 

residue M81 

M332, 
W333, 
Y436, 
Y437 

M81, 
H331, 
M332, 
W333, 
Y372, 
Y437 

R4, H331, 
M332, W333, 
G425, Y436, 

Y437 

[70] 

Cytochrome P450 
3A4 1tqn F-G loop and 

A-anchor 

F46, F228, 
I232, 
V235, 
L236 

H28, L44, 
P45, F46, 
L47, L51, 

P218, 
F219, 
S222, 
V225, 
F226, 
F228, 
L229, 
I232, 
L233, 
L236, 
I238 

H28, P43, L44, 
P45, F46, L47, 

L51, P218, 
S222, V225, 
F226, P227, 
F228, L229, 
P231, I232, 
L233, V235, 
L236, N237, 

I238 

[71] 

9-cis-
epoxycarotenoid 
dioxygenase 1, 
chloroplastic 

3npe 

The two 
parallel 

amphipathic 
helices (85-

109, 222-237) 

L86, F87, 
R372, 
F439 

N85, L86, 
F87, Q88, 
A90, A91, 
A94, L95, 
A97, F98, 

G101, 
F102, 
V106, 
L107, 
A232, 
A235, 
C236, 
L371, 
R372 

N85, L86, F87, 
R89, A90, A91, 
A93, A94, L95, 

A97, F98, 
G101, F102, 
N105, V106, 
L107, P110, 
H221, A225, 
Y231, A232, 
A235, C236, 
I316, K317, 
L367, L371, 
R372, G373, 
G374, I438, 
F439, R559 

[72-74] 

Monoglyceride lipase 
MGLL 

3jw8, chain A 
Around 

residues L179, 
L186 

T168, 
F169, 
L172, 
L179, 
V180, 
L181 

T168, 
F169, 
K170, 
V171, 
L172, 
A173, 
A174, 
K175, 
V176, 
L177, 
N178, 
L179, 
V180, 
L181, 
P182, 
L184 

T168, F169, 
K170, L172, 
A173, K175, 
V176, L177, 
N178, L179, 
V180, L181, 
P182, N183, 
L184, S185, 
L186, G187 

[75, 76] 



Dihydroorotate 
dehydrogenase 3w7r Region 31-68 

F37, H41, 
L49, 

W362 

F37, E40, 
H41, L42, 
P44, T45, 
L46, Q47, 
G48, L49, 
L50, L58, 

F62 

D34, F37, Y38, 
H41, L42, T45, 
L46, L49, L50, 
S54, R57, L58, 
R61, F62, L65, 
G66, L67, L68, 

R70, R245, 
R246, V247 

[77] 

Phosphatase PTEN 5bzz, chain A Regions 263-
269, 327-335 

L42, K263, 
M264 

V222, 
Q245, 
P248, 
T350, 
V351 

R41, L42, R47, 
R189, R335, 

V351 
[78, 79] 

(S)-mandelate 
dehydrogenase 

6bfg Region 177-
215 

Chain A: 
F6, R53, 

L54, Y179, 
L185, 
L195, 
H200 

Chain B: 
W87, 
R172, 
K174, 
Y179, 
K182, 
H200 

Y179, 
A181, 
V184, 
L185, 
C188, 
L189, 
P191, 
L195 

Chain A: 
Q3, N4, F6, 

R53, L54, D56, 
S178, Y179, 
S180, A181, 
V184, L185, 
G187, C188, 
L189, H190, 
P191, R192, 
S194, L195, 
F197, V198, 
R199, G201, 

Q358 
Chain B: 

R172, S178, 
Y179, S180, 
A181, V184, 
L185, G187, 
C188, L189, 
P191, R192, 
S194, L195, 
V198, R199 

[80] 

(S)-mandelate 
dehydrogenase, 
homotetramer 

Homotetramer 
biological 

assembly of 
6bfg 

Region 177-
215 

Chain A: 
Y179, 
L195, 
H200 

Chain B: 
Y179  

Chain C: 
Y179, 
L195, 
H200 

Chain D: 
Y179 

Chain A: 
Y179, 
A181, 
V184, 
L185, 
C188, 
L189, 
P191, 
L195, 
V198 

Chain B: 
Y179, 
A181, 
V184, 
L185, 
C188, 
L189, 
P191, 
L195, 
V198, 
R199 

Chain C: 
V184, 

Chain A: 
S178, Y179, 
S180, A181, 
V184, L185, 
G187, C188, 
L189, H190, 
P191, R192, 
S194, L195, 
F197, V198, 
R199, G201 

Chain B: 
S178, Y179, 
S180, A181, 
V184, L185, 
G187, C188, 
L189, P191, 
R192, S194, 
L195, V198, 

R199 
Chain C:  

Y179, S180, 
A181, V184, 
L185, G187, 

[80] 



L185, 
C188, 
L189, 
P191, 
L195 

Chain D: 
V184, 
L185, 
C188 

C188, L189, 
P191, R192, 
S194, L195, 
V198, R199, 

G201 
Chain D:  

S178, Y179, 
S180, A181, 
V184, L185, 
G187, C188, 
P191, R192, 
S194, L195, 
V198, R199, 

G201 
 

L-amino acid 
deaminase 

5hxw, chain A 
I345, L347, 
L351, I352, 

F355 

F326, 
Y330, 
L333, 
L335, 
F355, 
M356 

V321, 
V322, 
K323, 
S325, 
F326, 
T327, 
Y330, 
L333, 
I345, 
S346, 
L347, 
N348, 
L351, 
I352, 
F355, 
M356 

V321, S325, 
F326, T327, 
G329, Y330, 
L333, P334, 
L336, A337, 
I345, L347, 
L351, I352, 
F355, M356 

[81] 

Intestinal fatty acid 
binding protein 

3akm, chain A Around 
residue K27 

V26, K29 V26, K29, 
L30, H33 

N24, I25,V26, 
K27, K29, L30 

[82-84] 

Phosphatidylinositol 
4,5-bisphosphate 3-
kinase 

4ovu 

Kinase region 
720-729, 
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S110, S147, 
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Figure S11. Comparison of the predictions provided from our classifier, PPM, and MODA for the cholesterol 
oxidase. Correct predictions for every tool. 

 

 

 

 

 

Figure S12. Comparison of the predictions provided from our classifier, PPM, and MODA for the cytochrome P450 
3A4. Correct predictions for every tool. The membrane is depicted with a red dotted line according to Ref. [71]. 

 

 



 

Figure S13. Comparison of the predictions provided from our classifier, PPM, and MODA for the 9-cis-
epoxycarotenoid dioxygenase 1, chloroplastic. Correct predictions for every tool, with our classifier predicting the 
insertion of one of the two parallel amphipathic helices, instead of both. The membrane is depicted with a red 
dotted line according to Ref. [73]. 

 

 

 

 

Figure S14. Comparison of the predictions provided from our classifier, PPM, and MODA for the monoglyceride 
lipase MGLL. Correct predictions for every tool. The membrane is depicted with a red dotted line according to Ref. 
[75]. 

 

 

 



 

Figure S15. Comparison of the predictions provided from our classifier, PPM, and MODA for the dihydroorotate 
dehydrogenase. Correct predictions for every tool, with our classifier falsely identifying the residue W362 and 
MODA the region 245-247. The membrane is depicted with a red dotted line according to Ref. [77]. 

 

 

 

 

Figure S16. Comparison of the predictions provided from our classifier, PPM, and MODA for the phosphatase PTEN. 
Correct predictions for our classifier, with MODA correctly identifying the membrane binding region, but falsely 
identifying the opposite side of the C2 domain. PPM also falsely identified the opposite side of the C2 domain, 
providing a different orientation. The membrane is depicted with a red dotted line according to Ref. [79]. 

 

 

 



 

Figure S17. Comparison of the predictions provided from our classifier, PPM, and MODA for the (S)-mandelate 
dehydrogenase. Correct predictions for every tool, with our classifier and MODA falsely predicting the 53-56 region. 

 

 

 

 

Figure S18. Comparison of the predictions provided from our classifier, PPM, and MODA for the homotetramer (S)-
mandelate dehydrogenase (biological assembly). Correct predictions for every tool. 

 

 

 



 

Figure S19. Comparison of the predictions provided from our classifier, PPM, and MODA for the L-amino acid 
deaminase. Correct predictions for every tool. 

 

 

 

 

Figure S20. Comparison of the predictions provided from our classifier, PPM, and MODA for the intestinal fatty acid 
binding protein. Correct predictions for every tool. 

 

 

 



 

Figure S21. Comparison of the predictions provided from our classifier, PPM, and MODA for the 
phosphatidylinositol 4,5-bisphosphate 3-kinase. Every tool falsely predicted the region 232-233, with our classifier 
and MODA successfully identifying the p110a 863-872 region, but also having false positives the 498-508 region. 
PPM provides a membrane orientation different than the one proposed through mutagenesis experiments [85]. 
The membrane is depicted with a red dotted line according to Ref. [85]. 

 

 

 

 

Figure S22. Comparison of the predictions provided from our classifier, PPM, and MODA for the 
phosphatidylcholine transfer protein. Correct predictions for every tool, with MODA suggesting also the insertion 
of the 147-148 loop. 

 

 

 



 

Figure S23. The open (PDB: 5EDM [87]) and closed (PDB: 6BJR [88]) forms of the prothrombin protein. The residues 
Y93 and W547 (W533 of 5EDM) are highlighted in CPK representation. In the closed form, Y93 inserts into the 
active site of the protease domain where it interacts with W547, while in the open form is distant from W547, 
suggested from our classifier and MODA to insert in the membrane. 

 

 

 

 

Figure S24. Our classifier’s predictions in nine transmembrane enzymes with soluble domain performing 
extracellular catalysis. The membrane-penetrating residues predicted from our classifier are depicted with red, and 
the membrane is depicted with red dotted lines. The proteins are placed in the membrane according to available 
structural information [89]. Overall, the predictions are in agreement with the experiments, except for some use 
cases where a few predictions are false positives. 
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