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1.   Input files required by AMIGO

All files described in this manuscript are freely available and can be downloaded from the github repository following the link: https://github.com/ThorbenMaa/AMIGO.

AMIGO is implemented in python3 and has been successfully tested under Linux and Mac (Sonoma 14.1.1) environments. The use of AMIGO is illustrated in this guide with the assignment of two proteins, GTB (Flügge and Peters 2018) and LmUGP (Mühlberg et al. 2022). The protein GTB has been used to illustrate chapters 1 & 2, and the corresponding files can be found in github under InputFilesExample_GTB. Chapter 3 is illustrated with the outcome produced during the assignment of the protein LmUGP. Corresponding files can be found in github under InputFilesExample_LmUGP. These examples have been selected to best illustrate AMIGO’s capabilities. Additionally, all input and output files from the assignment of the Benchmark proteins can be found under Benchmark. 

After setting up the environment necessary for AMIGO as described in our github repository, place all necessary files in a single folder.

[image: A screenshot of a computer

Description automatically generated]

The file noe.txt is a text file organized as follows: The first column contains the amnio acid type of the auto peak in a multidimensional NOESY experiment (e.g. 4d-HMQC-NOESY-HMQC), while the second column corresponds to an arbitrary peak ID, which is typically an integer. Each methyl group receives an unique ID number. The third and fourth columns contain the amino acid type and peak ID of the NOESY cross-peaks observed in the NOESY plane corresponding to the frequencies of the selected auto peak. The list must be sorted using the second column to allow AMIGO to create “NOE graph-based building blocks” (see results). E.g., sorting can be easily done using Excel. Columns are tab separated. AMIGO gives an error message if the last line of this file is empty, so there must not be a line break at the end of the list. See figure below for an example:
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Description automatically generated]

The file additional_measure.txt is a text file containing additional experimental restraints (e.g. measured PCSs). The first column contains the amino acid type of a certain methyl group resonance. The second column contains the peak ID, which needs to match with that form the noe.txt list. The third, fourth, fifth and sixth columns contain the respective additional experimental restraints. In the example below, column three contains PCSs induced by Ce3+, column four PCSs induced by Eu3+, column five PCSs induced by Tb3+ and column six corresponds to no data, therefore containing the number 999. Use also 999 within a list of additional restraints if a specific methyl group lacks the information (e.g. the peaks in the spectrum were not visible or superimposed). If no additional restraints are available at all, simply use a single line containing: “0	0	0	0	0	0” as the only file content. Columns are tab separated.
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Description automatically generated]

The file additional_xtal.txt is a text file containing theoretically determined additional restraints according to the structural model (crystal structure) provided. The first and second columns contain the amino acid type and the residue number in the protein sequence, respectively. Columns three, four, five, and six contain theoretically calculated additional restraints (eg. PCS). The order of the additional restraints must match the order in additional_measure.txt. Use 999 like in additional_measure.txt file. Likewise, if no theoretically determined additional restraints are available at all, simply use a single line containing: “0	0	0	0	0	0” as the only file content. Columns are tab separated.
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Description automatically generated]

The file preassignments.txt is a text file where the first and second columns contain the amino acid type and peak ID of a certain methyl group resonance, respectively. The peak ID must match with those in previous files. The third and fourth columns contain the amino acid type and residue number of the methyl group from the protein sequence in the crystal structure the resonance is assigned to. For an example see the figure below. If no pre-assignments are available, just leave this text file empty. 
When pre-assignments are included in the calculations, AMIGO will in a first step consider only the pre-assigned resonances as starting points to create the methyl walks. Afterwards, all remaining methyl group resonances are considered.
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Description automatically generated]

Finally, the structure.pdb file is just a text pdb file containing the atom coordinates of the protein to be assigned. To note, structural ensembles can also be provided to AMIGO. To do so, align the structures and provide the coordinates in a single .pdb file. The NOEs of the two or more structures need to be submitted as one single NOE list file.

Upon completion of the assignments, AMIGO will produce a filed named results.txt within the same folder containing the assignments proposed and the methyl walks followed to obtain such assignments.




[bookmark: _heading=h.yjlx91w21jtb]2.    How to adjust parameters and run AMIGO

AMIGO can be executed in using the file run_AMIGO.sh. Typing bash run_AMIGO.sh will execute AMIGO_non_interactive.py, which reads the parameters from run_AMIGO.sh and runs AMIGO. The parameters are explained in the following.

2.1 Running the interactive version of AMIGO
AMIGO needs several input parameters as explained in the corresponding tutorials provided on github. One of them is the weighting factor  in Eq. 2. The recommended value is 1.
Additionally, AMIGO inquires the weight factors of the additional parameter restraints  (Eq. 3), with  being 1 to 4. A value of 0 indicates that for that specific  no data is available. Any other value indicates the presence of data. When pseudo contact shifts (PCS) are provided we recommend setting   to 100. Long range structural data corresponding to paramagnetic relaxation enhancements (PRE) have not been tested within the benchmark, but they can be used like PCS. 

Next, AMIGO allows to define an amino acid specific minimum and maximum distance cut-off between methyl groups to be explored when constructing the structural model building blocks. The size of each incremental step (distance step range) is also required. Typical values are 0.1 or 0.2 for optimal compromise between computational time and number of correct assignments. Higher confidence in the assignments can be obtained with values below 0.1, although at the cost of computation time. All distances are given in Å and with a single decimal. In case a certain amino acid type has not been isotopically labelled, the value 0 is to be used as minimum and maximum cut-off distances. In this case the distance step range = 1. 

The last parameter required for running AMIGO is the number of potential starting points that should be considered. The value 1 would be corresponding to 100% of the methyl groups. Lower values can be used to save calculation time (e.g., 0.1 for only using the 10% most unique methyl groups), at the risk of a small increase in the number of unassigned methyl groups. 

AMIGO will show a progress count indicating the extent of the assignment completed after each iteration, allowing the user to estimate the time required until completion. 

A full example including all parameters is given below:

#!/bin/bash

python AMIGO_non_interactive.py \
--pdb_file 4m2a_pro.pdb \
--noe_file noe.txt \
--additional_measure_file additional_measure.txt \
--additional_xtal_file additional_xtal.txt \
--preassignments_file preassignments.txt \
--min_met 3 \
--max_met 9 \
--step_met 0.2 \
--min_ile 3 \
--max_ile 9 \
--step_ile 0.2 \
--min_leu 3 \
--max_leu 9 \
--step_leu 0.2 \
--min_val 3 \
--max_val 9 \
--step_val 0.2 \
--min_ala 3 \
--max_ala 9 \
--step_ala 0.2 \
--min_thr 3 \
--max_thr 9 \
--step_thr 0.2 \
--weight_noe 1 \
--weight_additional_resraint1 0 \
--weight_additional_resraint2 0 \
--weight_additional_resraint3 0 \
--weight_additional_resraint4 0 \
--percentage_starting_points 1 \
--val_scheme proS \
--leu_scheme proS

use “proS” “proR” or “both” for the Leu and Val labeling schemes.


For more information and complete tutorials see files and examples located in https://github.com/ThorbenMaa/AMIGO.


3.      Outputs generated by AMIGO to guide the assignment process

3.1 Text file results.txt
AMIGO will generate a file results.txt containing a list of the assignments, step-by-step methyl walks and other complementary data that can be used to evaluate the goodness of the assignment. We will illustrate the typical results produced by AMIGO with one example belonging to the assignment of LmUGP with the inclusion of CSPs, and using a cut-off distance range of 3 to 9.5 Å. The complete file can be found as part of the tested protein benchmark. This example illustrates the assignment of Leu 204 from the active node Leu 317. Leu 204 is the last amino acid assigned within a methyl walk started in Leu 107. The complete methyl walk up to the current active node is indicated by AMIGO as follows:

methyl walk (NMR//pdb) : start => LEU 107 // LEU 107 => THR 139 // THR 139 => LEU 129 // LEU 129 => THR 110 // THR 110 => VAL 114 // VAL 114 => VAL 78 // VAL 78 => THR 76 // THR 76 => LEU 232 // LEU 232 => MET 235 // MET 235 => ILE 312 // ILE 312 => MET 215 // MET 215 => MET 128 // MET 128 => VAL 77 // VAL 77 => LEU 314 // LEU 314 => LEU 317 // LEU 317

For every step in every methyl walk AMIGO shows all previous steps followed from the seminal assignment (Leu 107) to the active node (Leu 317). AMIGO will then display the current step in the methyl walk, showing the active node (Leu 317) and the next amino acid assigned in this methyl walk (Leu 204). It also shows that the NOE between Leu 204 and Leu 317 is generated by methyl groups located within 3.8 Å apart from each other, according to the crystal structure. Such information can be used to evaluate the goodness of the assignment. Assignments obtained through long-range NOEs are normally indicative of a low confidence assignment:

was extended with methyl group resonance: LEU 204 with NOEs to resonances LEU 317 / 
and thereby assigned to pdb methyl group: LEU 204 with expected NOEs to LEU 317 / applying a cut-off distance of 3.8000000000000003 Angstroms  

The next two lines show that the experimentally obtained and theoretically determined additional restraints are in very well agreement, further reassuring the assignment. Note that the value “999” is a placeholder for not determined values:

additional experimental restraints are [additional restraint 1, 2, 3 and 4]: [999.0, 0.021, 0.008, 999.0]
additional theoretical restraints are [additional restraint 1, 2, 3 and 4]: [999.0, 0.02028, 0.00536, 999.0]

[bookmark: _heading=h.ac0pk8wl3gfy]3.2 Methyl walk graphs on the NOE spectrum and on the structural model(s)
NOE-based (Figure S1) and structure-based (Figure S2) graphs are also created as part of the AMIGO results. They depict the path followed by AMIGO during the methyl walks. The nodes are colour coded with the amino acid type and annotated with the amino acid type and number. Edges indicate from which amino acid to which amino acid AMIGO jumped during the methyl walk. These graphs can be dynamically explored by the user and allow an intuitive assessment of the path followed by AMIGO during the assignment in the NOESY spectrum and in the crystal structure(s). 
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KI-generierte Inhalte können fehlerhaft sein.]
Fig. S1 Complete NOE-based graph observed for the protein Lm-UGP showing the methyl walks. Amino acids are colour-coded as follows: Ala in pale blue, Ile in orange, Leu in yellow, Met in red, Thr in green and Val in dark blue. Arrows indicate the path followed by AMIGO during the methyl walks.

[image: Ein Bild, das Farbigkeit, Screenshot, Licht enthält.
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Fig. S2 Structure-based graph created for the protein Lm-UGP showing the methyl walks (pdb code 4m2a). Amino acids are colour-coded as follows: Ala in pale blue, Ile in orange, Leu in yellow, Met in red, Thr in green and Val in dark blue. Arrows indicate the path followed by AMIGO during the methyl walks.
3.3 Validation of assignment using experimentally and theoretically determined additional restraints
For good assignment solutions, experimental and theoretical values should follow a linear correlation (in this case PCS). Such correlation figures are automatically generated by AMIGO (Figure S3). Plotting the data shows that measured and theoretically determined values are in good agreement, validating the assignment independently.

[image: ]
[bookmark: _heading=h.uxcmp96myipu]Fig. S3 Example for assignment validation using experimentally and theoretically determined additional restraints (PCSs) for the LmUGP data set. (From top to bottom and from left to right) Panels correspond to PCS from Tb3+ (additional restraint 1), Ce3+ (additional restraint 2) and Eu3+ (additional restraint 3). Values are in ppm.






Parameter optimisation

The following parameters were used to evaluate AMIGO’s performance across the benchmark proteins. Initially, cut-off distance ranges for each amino acid type bearing methyl groups were selected by performing test runs on each protein using only the 10% of methyl groups with the highest rarity score NMR graph building blocks as potential methyl walk starting points. Cut-off distances ranged from 3.0 Å to 7.0, 7.5, 8, 8.5, 9, 9.5, and 10.0 Å in 0.1 or 0.2 Å increments (Fig. S12). The NOE weighting factor  was fixed at 1 (Eq. 5), and additional restraint weights () were set to 0 in the absence of supplementary data (Eqs. 6 and 7). For each cluster, the ratio between the assignments where the NMR graph building block exactly matched the structure graph building block and the total assignments was calculated (Fig. S12). Optimal cut-off distances—those yielding the highest exact-match ratios—were then applied in final runs using all NMR graph building blocks as possible starting points. Methyls assigned by AMIGO but lacking a reference assignment were flagged as unconfirmed.
The use of additional structural restraints such as PCS renders AMIGO less sensitive to the range of cut-off distances selected. Here, cut-off distance ranges from 3 Å to 8, 8.5, and 9 Å in 0.1 Å  or 0.2 Å steps were selected. All NMR-based graph building blocks were considered as potential methyl walk starting points. The weighting factor for NOEs  was set to 1 (Eq. 5). The weighting factors for additional restraints (different PCS data sets available for each protein)  in Eq. 6 were set to 100, 100, 100 and 0 for GTB and MNV P-domain, and 0, 100, 100, 0 for LmUGP. Note that a weighting factor of 100 was used for PCS so that the contributions of NOEs and PCS to the similarity score are of equal magnitude. The value of 0 indicates that no data was included for that particular . Methyl groups assigned by AMIGO but lacking a reference assignment in the original publication were considered unassigned. 
Final runs were carried out using the same step sizes as for parameter optimisation (see above or Fig. S12) to sample the cut-off distance ranges used for the different data sets, yielding optimal results for all data sets. Larger step sizes (e.g. 0.2 or 0.5 Å) enable faster calculation times at the cost of erroneous assignments.

Structural ensembles

AMIGO processes each protein structure in the structural ensemble individually. For example, if structure A contains an alanine (Ala) and a methionine (Met), and structure B also contains an Ala and a Met, AMIGO generates one building block for each methyl group in each structure (Ala A and Ala B in this example). From each active node (Ala A or Ala B), edges are created to all possible neighbouring methyl groups across all structures. Thus, if both Met A and Met B lie within the cut-off distance in their respective structures, the building block will contain edges to both. Similarly, the NMR building block will contain two edges to a given neighbour if an NOE is present in both NOE datasets.
AMIGO then attempts to assign the Ala simultaneously based on both structures and both NOE datasets. If the two structures differ, the corresponding NOE patterns should also differ, and the similarity score will reflect this. In other words, structural and NMR building blocks will only match if the combined NOE data can be explained by both structures together. This approach incorporates the complete information from multiple experiments into a single run.




How SGBBs can be combined to reconstruct any structure-based graph:

[image: ]
Fig. S4 Any possible structure graph can be created from a linear combination of structure graph building blocks (SGBB). (a) Graph representation of all possible structure graphs for 4 nodes and 2 cutoff distances (nm = 24 = 16). Nodes are labelled with a capital letter according to their amino acid type and an integer as an identifier. Deep blue large circles indicate the structure graph to be recreated using “building blocks”. (b) (Top panel) All possible structure graphs can be defined from eight SGBBs. Each SGBB contains one active node and all possible edges to the remaining methyl groups according to the cutoff selected. (Bottom panel) A linear combination of n = 4 building blocks (one per active node and cutoff) defines any of the 16 possible structure graphs. All nodes are colour-coded according to the amino acid as follows: orange for isoleucine (I), blue for alanine (A), and green for methionine (M).

Constructing methyl walks from graph building blocks (GBBs) – a detailed explanation:
[bookmark: bookmark=id.glenl72a7hce][bookmark: bookmark=id.i8t26fxtdhky]Methyl walks are constructed by matching NGBBs and SGBBs following a four-step procedure. For better understanding, the method is illustrated with an example.

Step 1: Matching an SGBB with the most similar NGBB.
In a first step, AMIGO compares a selected NGBB with all SGBBs whose active nodes have the same amino acid type as the active node of the NGBB (Fig. S5). The comparison is evaluated by calculating the similarity score (Eq. 4). Briefly, the similarity score is based on similarities of edge patterns, adjacent amino acid types, and experimental and theoretical additional restraints, e.g., PRE or PCS. The similarity score is composed by the term similarity scoreNOE, (Eq. 5) and an additional restraints-based term or similarity scoreadditional restraints (Eq. 6). The highest similarity score identifies the best matching SGBB, which will be used in Step 2 to produce the first assignment.

[image: Ein Bild, das Screenshot, Kreis, Grafiken, Farbigkeit enthält.
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Fig. S5 Step 1 of the identification of methyl walks from graph building blocks. See main text to step 1 for more explanations. (Left panel) Decomposition of NOE graph into NGBBs. Nodes are colour-coded and labelled with a capital letter according to their amino acid type and a lower-case letter as an identifier. (Right panel) Identification of the closest SGGBs. Thin blue large circles indicate building blocks that are considered, while thick blue large circles highlight the building blocks that are selected. Nodes are labelled with a capital letter according to their amino acid type and an integer as an identifier. In both panels active nodes in each building block are denoted with *. All nodes are colour-coded according to the amino acid as follows: orange for isoleucine (I), blue for alanine (A), and green for methionine (M).

Step 2: Assignment of the first resonance – the seminal assignment

The methyl group corresponding to the active node of the SGBB with the highest similarity score is the first (seminal) assignment. The other nodes (cross peaks) of this NGBB suggest assignments resulting from the matching SGBB (Fig. S6). However, in this step the assignment of the nodes (cross peaks) A-b and M-c as A1 and M4 is not yet considered as set. To make assignments more likely, i.e., to set the assignments, the matching graphs need to be expanded as explained in Step 3.

[image: Ein Bild, das Screenshot, Dunkelheit, Schwarz enthält.
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Fig. S6 Step 2 – assignment of the first resonance. Colour-code and node nomenclature like in Fig. S4.


Step 3: Expanding the NOE graph using the methyl walk principle with optimal NGBB selection 
[bookmark: bookmark=id.h793gd7y3klw][bookmark: bookmark=id.f2ecicruafur]In general, Step 3 consists of identifying a node adjacent to the assigned one to be used to continue with the methyl walk. In this example (Figs. S6 and S7) the nodes (cross peaks) A-b and M-c are not assigned yet. AMIGO determines a rarity score (Eq. 1) for all NGBBs that have A-b or M-c as active nodes. The NGBB with the lowest rarity score of all unassigned nodes is selected for the next step next step in the methyl walk (indicated with a thick blue circle in Fig. S7). The rarity score reflects the rarity of the active node amino acid type of the NGBB within a graph. A higher score is derived from rare amino acid types and their connections to other rare amino acid types within that NGBB. Thus, the higher the rarity score, the more "rare" the NGBB is, which increases the probability of a correct assignment.

[image: Ein Bild, das Screenshot enthält.
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Fig. S7 Step 3 of the identification of methyl walks from graph building blocks. Circles with thin lines indicate the nodes (left panel) or NGBBs (centre panel) that are considered. Circles with thick lines highlight the ones being selected according to the rarity score (Eq. 1). Blue and violet indicate the reference unassigned nodes (A-b and M-c, respectively). Colour-code and node nomenclature like in Fig. S4.

By identifying NGBBs with active nodes that align with nodes in the partially completed NOE graph (c.f. Fig. S7; left panel), we ensure the presence of an assigned node (such as node "A-d," assigned in Step 2) within each considered NGBB. This is essential to "walk" from one assigned methyl group to the next (c.f. Fig. S7; right panel). This strategy reduces the likelihood of incorrect continuations of the methyl walk, mimicking the procedure followed by a well-trained NMR spectroscopist during manual assignments.

Step 4: Selecting the SGBB matching the selected NGBB
[bookmark: bookmark=id.3k08i9tpro0t][bookmark: bookmark=id.xoah42fmv7xy]Next, the NGBB selected in Step 3 is compared to a subset of SGBBs resulting in similarity scores as described in Step 1. The comparison is streamlined by limiting the search to SGBBs that meet the following three criteria: i) the amino acid type of the SGBB’s active node must be identical to that of the NGBB’s active node. ii) Only SGBBs whose active nodes are unassigned and iii) correspond to a node in the partially reconstructed structure graph are considered. The corresponding nodes in the partially reconstructed structure graph naturally satisfies another criterion: they are adjacent to a node which has already been assigned to a node within the identified NGBB (for instance "A3", which is assigned to "A-d" as shown in Fig. 4). The similarity score (Eq. 1) is then employed to identify the best matching SGBB (Fig. S8). Importantly, this strategy significantly reduces computational time by constructing sequences of assigned nodes, equivalent to performing a classical methyl walk, within an increasingly narrow sampling space.

[image: Ein Bild, das Screenshot, Farbigkeit, Kreis, Grafiken enthält.
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Fig. S8 Step 4 of the identification of methyl walks from graph building blocks. See step 4 for further explanations. Criteria i) to iii) from the text are indicated in the left panel in bold. Circles with thin lines indicate the nodes (left panel) or SGBBs (right panel) that are considered. Circles with thick lines highlight the ones being selected according to the similarity score (Eq. 1). Colour-code and node nomenclature like in Fig. S4.

Active nodes of the NGBB and of the best matching SGBB are assigned to each other, and the respective building blocks are used to continue the assembly of the NOE graph and a matching structure graph (Fig. S9). 
[image: Ein Bild, das Screenshot, Farbigkeit enthält.
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Fig. S9 The methyl walk advances by iteration from Step 2. Colour-code and node nomenclature like in Fig. S4.

[bookmark: bookmark=id.dr8hqfrw5xvz][bookmark: bookmark=id.b58q53ju81tl][bookmark: bookmark=id.twkts2jk5k1k][bookmark: bookmark=id.f9a6atoxnban]AMIGO iterates through Steps 2, 3, and 4 until no more assignments are possible. Each methyl group is evaluated as a potential starting point for a methyl walk, leading to the generation of distinct methyl walks for each NGBB. The walks and their corresponding assignments are then assessed by the total score (Equation 8). The methyl walk yielding the highest total score is considered as the final assignment. Typically, a single methyl walk encompasses only a portion of the methyl groups present in the protein due to either connectivity gaps or unfavourable protein dynamics. To overcome this limitation, the algorithm excludes the assigned methyl groups and their corresponding NMR resonances from subsequent analysis, and the process is repeated with the remaining methyl groups until no further assignments can be performed (Fig. 2). 
Examples illustrating the calculation of similarity and rarity scores:


[image: ]
Fig. S10 Example of calculation of the rarity score. The rarity score is calculated for a particular NOE graph building block (left panel, NGBB) being part of a set of NGBBs termed  (right panel) as described in Eq. 1. Here, k = 3,  = 1, and  = 4. According to Eq. 1,  = ¼. The first, second and third neighbour of the active node in the selected NGBB (left panel) are A-d, I-a and A-b and have the amino acid type alanine, isoleucine and alanine, respectively.  corresponding to the first neighbor, i.e., A-d, is then calculated according to Eq. 3 as follows: as there are 5 edges from an active node to an alanine () and 9 edges in total () in the set of NGBBs ,  = 5/9.  and  are calculated in the same way. This results in a rarity score of -2.7x10-4 for the particular NGBB in the left panel, making this building block the one with the highest rarity score in .

[image: ]

Fig. S11 Exemplary calculation of the similarity scoreNOE. This simple example compares a NOE graph building block (left panel, NGBB) with a structure graph building block (right panel, SGGB) to calculate their degree of similarity as a function of their similarity scoreNOE. Nodes in orange, blue and green and labels I, A and M indicate the amino acid type as isoleucine, alanine and methionine, respectively. Letters a to c in NGBB and numbers 1 to 4 in SGBB uniquely identify nodes in their corresponding building block. According to Eq. 5, the number of common edges c is 2, as there is an edge from an isoleucine node to a methionine node and an edge from an isoleucine node to an alanine node occurring in both building blocks. The number of total edges  and   are 2 and 3, respectively. As a result, the similarity scoreNOE of the pair of building blocks = , with  




About the assignment of methyl groups in close proximity to paramagnetic metals:


Hidden safeguard 1: lower bound on the similarity score (default = -100)

What it does:

Each time AMIGO compares an NGBB with an SGBB it computes a similarity score (Eq. 1).
If PCS restraints are included and the measured PCS (PCSexp) deviates strongly from the PCS predicted from the current tensor (PCScalc), a penalty term is added (Eq. S1):



where  is defined as –100. For methyl groups within ≲ 10 Å of the paramagnetic ion the PCS gradient is steep and even a 0.5 ppm mismatch can push the overall similarity score below –100. To keep the search space tractable the code rejects any candidate with a score below a hard floor (-100 by default). The assumption was that “real” matches would always score higher.

Why this matters:

If many near-centre methyls are present, or  is set higher than -100, true assignments can be discarded prematurely. We have tested hard floors as low as –100000 in the GTB test to verify this behaviour; the change alone did not restore the missing assignments around the catalytic active site, indicating that large deviation between PCSexp and PCScalc were present around the paramagnetic metal.

Hidden safeguard 2: lower bound on the total score (default = 0)
What it does:
Once a methyl walk is completed, AMIGO sums individual similarity scores to obtain a total score (Eq. 8). Walks starting from a single edge, or containing many PCS-dominated penalties, can end up negative. Any walk whose total score ≤ 0 is discarded by the program. 
Why this matters:
For GTB the methyl groups located in the carbohydrate binding pocket formed very short walks and suffered large PCS mismatches (see above), giving negative total scores and triggering the filter. Consequently, no assignment was performed unless additional information (pre-assignments) was supplied or PCS weighting was switched off.
Troubleshooting:
In general, PCS from sites closer than ≲ 10 Å to the metal should be downweighted or omitted unless the magnetic susceptibility tensor is extremely well characterised. Large PCS errors at such positions can arise from uncertainty in tensor orientation/magnitude (especially with sparse PCS data), local backbone mobility or alternate rotamers, residual electron-spin relaxation effects. Removing or downweighting these PCS terms reduce false penalties and improves robustness across all automated assignment tools, not just AMIGO. Therefore, after completing an AMIGO run with PCS we selected all performed assignments as pre-assignments and re-run AMIGO without PCS. This resulted in 12 out of 16 methyls located in the carbohydrate binding site being assigned. As a rule, when methyl groups close to paramagnetic metals become consistently unassigned, we recommend the following:
1) Pre-assign all non-loop methyls
This anchors the walks and prevents incorrect permutations that would otherwise mask the loop residues.
2) Disable PCS input for the final run
With the big PCS penalties removed, similarity and total scores remain above both thresholds, allowing AMIGO to propagate into the loop regions.

How we finally recovered the loop assignments in GTB
1. Pre-assign all non-loop methyls.
This anchors the walks and prevents incorrect permutations that would otherwise mask the loop residues.

2. Disable PCS input for the final pass.
With the big PCS penalties removed, similarity and total scores remain above both thresholds, allowing AMIGO to propagate into the loop regions.

3. Keep safeguard 2 active.
This ensures any residual noise-driven walks with net negative support are still filtered out.
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[bookmark: _heading=h.az37putvoyog]Fig. S12 Test runs for determination of optimal range of cut-off distances for the benchmark set in the absence of additional restraints. The step size from the minimal to maximal cut-off distance was 0.1 Å except for a7a7, GTB, and LmUGP apo, where a step size of 0.2 Å was used. The range of cut-off distances was optimised for each protein. Selected cut-off ranges are indicated with an *, and correspond to the run with the highest Nmatch/Ntotal ratio. Ntotal corresponds to the total number of assigned resonances, while Nmatch denotes resonances for which the NOE building block and the corresponding structure building block matched perfectly. Selected cut-off ranges were used to run the final assignments.

Table S1: Reference assignments for the tested experimental data sets.
	Entry N°
	Protein
	References for data and assignment
	PDB code of structural model

	1
	mrsB
	(Lange et al. 2012; Pritišanac et al. 2017)   
	3e0o (Kim et al. 2009)

	2
	Ubiquitin
	(Chao et al. 2012; Pritišanac et al. 2017)
	1ubq (Vijay-kumar et al. 1987)

	3
	EIN
	(Venditti et al. 2011; Pritišanac et al. 2017)
	1eza (Garrett et al. 1997)

	4
	MBP
	(Lange et al. 2012; Pritišanac et al. 2017)   
	1ez9 (Duan and Quiocho 2002)

	5
	msg
	(Tugarinov and Kay 2003; Tugarinov et al. 2005; Pritišanac et al. 2017)
	1y8b (Tugarinov et al. 2005)

	6
	ATCase
	(Velyvis et al. 2009; Pritišanac et al. 2017)
	1d09 (Jin et al. 1999)

	7
	a7a7
	(Tugarinov et al. 2007; Pritišanac et al. 2017)
	1yau (Förster et al. 2005)

	8
	HuNoV P-domain
	(Müller-Hermes et al. 2020)
	4x06 (Singh et al. 2015)*

	9
	MNV P-domain
	(Maass et al. 2022)
	6e47 (Nelson et al. 2018)

	10
	LmUGP
	(Mühlberg et al. 2022)
	4m2a (Führing et al. 2013)**

	11
	GTB
	(Flügge and Peters 2018, 2019)
	2rit (Alfaro et al. 2008)**


*Crystal structure was minimized using Maestro as described in the corresponding manuscript.
**Crystal structures were modified as described in the corresponding manuscript.



Table S2: Proteins used to create PDB-based synthetic NOE networks.
	Entry N°
	Protein
	Molecular weight (kDa)
	PDB code of structural model

	1
	Trypsin
	23.7
	8izk

	2
	Tetanus toxin c
	52.2
	1a8d

	3
	Phosphorylase
	91.4
	1v7v

	4
	TYRP1
	54.2
	9ey7

	5
	TEAD1 chain A
	52.1
	7li5

	6
	Glu cyclase apo chain A
	117.6
	9fxg

	7
	Fatty acid elongase chain A
	73.0
	6y7f

	8
	Carbonic anhydrase XIII
	60.0
	3d0n
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