
Exon Details Conclusion

9

Predictions suggest that deleting exon 9 impacts the secondary structure of at 
most 4% and the solvent accessibility of at most 13% of remaining residues, if 
any, as reliability for these predictions are very low or low. Solvent accessibility 
of NF1delE9 is likely reduced beyond what can be attributed to the deleted 
exon. 11 out of 13 residues at positions 801-813 are predicted to be ordered 
(from disordered in full-length NF1). This suggests that the exon deletion could 
potentially reduce the protein's flexibility in this area, possibly affecting protein 
function. However, with the exception of one such prediction that has medium 
reliability, predictions have very low to low reliability.  Average Conservation 
score for this exon is rather moderate at 5.9.

Deletion could potentially 
reduce the protein's 
flexibility and function

12

Predictions suggest that deleting Exon 12 impacts the secondary structure of at 
most 3% and the solvent accessibility of at most 8% of remaining residues, if 
any, as reliability for these predictions are very low or low. Solvent accessibility 
of NF1delE12 may be somewhat reduced beyond what can be attributed to the 
deleted exon. A 19 residue long sequence, starting with the residue produced 
by the first codon after the deleted exon, is now predicted to be ordered (from 
disordered in full-length NF1) - some of these individual predictions have 
medium reliability. This suggests that the exon deletion could potentially reduce 
the protein's flexibility in this area, possibly affecting protein function.  Average 
Conservation score for this exon is rather moderate at 4.9.

Deletion could potentially 
reduce the protein's 
flexibility, possibly 
affecting protein function. 

17

Predictions suggest that deleting Exon 17 impacts the secondary structure by 
at most 2% and the solvent accessibility of at most 7% of remaining residues, if 
any, as reliability for these predictions are very low or low. NF1delE17's solvent 
accessibility seems somewhat similar to that of neurofibromin minus the solvent 
accessibility attributed to amino acids translated from exon 17. Differences in 
predicted residue order/disorder state are minimal, and all have the lowest 
reliability score. Average Conservation score for this exon is the lowest of all 
exons at 1.2.

This suggests that the 
deletion of exon 17 
seems to affect the 
protein's function very 
little, if at all.

18/19

Predictions suggest that deleting Exons 18/19 impacts the secondary structure 
of at most 3% of residues. While most predictions have very low or low 
reliability, four predicted changes have medium (4 or 5) and one has high (6) 
reliability, out of which those with reliability 5 or higher are found in the CSRD, 
suggesting that deleting Exons 18/19 affects the structure of the CSRD. It is 
further predicted that the solvent accessibility of at most 9% of remaining 
residues changes. Again, the reliabilities of most of these predictions are very 
low or low, with the exception of one predicted residue, which changed from 
intermediate to buried and is located in the CSRD. That said, the average 
solvent accessibility change per residue is roughly zero. Out of 27 residues 
predicted to change from ordered to disordered, 17 are in a 20-residue long 
sequence within the CSRD (pos. 796-815 in NF1fl), but prediction reliabilities 
are all very low or low. Average Conservation scores for both exons are rather 
moderate at 6.4.  

Overall, it appears that 
the CSRD could be 
affected by E18/19 
deletion.  Deletion is 
predicted to alter 
secondary structure
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20

Only 3% of residues are predicted to change their secondary structure. While 
the majority of predictions has very low or low reliability, 11 predicted changes 
of residue secondary structure have high or very high reliability. All these 
residues are located in a 14 residue long subsequence (pos. 804-817) of the 
CSRD. The same sequence has predicted changes to solvent accessibility and 
order/disorder status with medium to very high and medium to high reliability, 
respectively (in total, at most 8% of residues are predicted to have an altered 
solvent accessibility status). Interestingly, the change of average solvent 
accessibility per residue is negative, when compared to neurofibromin, implying 
an increase of solvent accessibility for the remaining residues in NF1del20. 
Average Conservation score for this exon is rather moderate at 4.5.  

In conclusion, the 
protein structure and 
conformation could be 
significantly altered by 
the deletion of exon 20.

21

5% of residues have a different predicted secondary structure, albeit with low 
or very low reliability, while for 14% a changed solvent accessibility is predicted, 
again with low or very low reliability - with one exception: a residue in the 
CSRD, which is adjacent to the deleted exon sequence. NF1delE21 has likely 
a reduced overall solvent accessibility, beyond what is attributed to the loss of 
exon 21. A cluster of eight consecutive residues located in the CSRD at 
positions 796-803, adjacent to the deleted exon in NF1fl, is predicted to be 
disordered (compared to ordered in full-length NF1) with medium reliability. 
Average Conservation score for this exon is rather moderate at 5.2.  

This indicates a potential 
increase in flexibility in 
this region of the protein, 
possibly affecting 
function.

25

4% of NF1delE25's residues have a different predicted secondary structure, 
mostly with low or very low reliability (for 3 residues, predicted changes have 
medium reliability). For 12% of residues a changed solvent accessibility is 
predicted. The protein's solvent accessibility seems reduced as indicated by 
the relative high loss of average solvent accessibility per residue, the second 
highest of all tested proteins with deleted exons. Also, there is a cluster of 11 
residues at position 801-813 (in full-length NF1) that is predicted to be ordered, 
indicating a loss of flexibility. However, prediction reliabilities are very low, 
which limits the interpretability of these results.  Conservation of this exon is 
quite high with a score of 8.1 suggesting this exon might be essential. 

Conservation of this exon 
is quite high with a score 
of 8.1 suggesting this exon 
might be essential. 

28

NF1 structure is likely significantly affected by exon 28 deletion: 7 predicted 
changes have medium, 3 have high, and another 8 have very high reliability; 
and 7 out of those 8 are related to residues in the GRD, while the 8th is for a 
residue within the Nex-GRDmin-Ces region. We hypothesize that this has a 
direct negative impact on Ras/Spred1 binding. Moreover, 5 residues are 
predicted, with medium reliability, to have changed solvent accessibility status, 
out of which 3 are found in the GRD, one is right outside the GRD and another 
is in the Tubulin binding domain. NF1delE28's overall solvent accessibility 
seems slightly reduced, but residues in the GRD seem to be affected the most.  
Conservation of this exon is high with a score of 8.4 suggesting this exon might 
be essential.  

We fully anticipate that 
loss of this exon will 
result in loss of GRD 
activity as this exon 
codes for a known 
essential portion of the 
GRD.

36

All predictions, i.e. changes to secondary structure (4% of residues), solvent 
accessibility (12% of residues), disorder/order status, and protein binding have 
low or very low reliability, limiting the interpretability of the data. That said, 
NF1delE36 has an overall solvent accessibility that is reduced beyond what 
can be attributed to the loss of exon 36. Also, 11 resides in the CSRD (pos. 
801-813) may have changed from disordered to ordered, which would 
potentially reduce the protein's flexibility. Conservation of this exon is quite high 
with a score of 7.4 suggesting this exon might be essential.  

Conservation of this exon 
is quite high with a score 
of 7.4 suggesting this exon 
might be essential.  



41

Only 3% of residues are predicted to have changed their secondary structure. 
While the majority of predictions have very low or low reliability, 3 predicted 
changes of residue secondary structure have medium or high reliability (all 
outside known domains). Also, 8% of residues have been predicted to change 
their solvent accessibility state, but all predictions have low or very low 
reliability. Total solvent accessibility of NF1delE41 seems similar to that of 
neurofibromin, if we disregard the lost solvent accessibility due to the deleted 
exon. Predictions of changes to the order/disorder status of residues have low 
or very low reliability and only occur in isolated single or pairs or residues. 
Conservation of this exon is high with a score of 7.5 suggesting this exon might 
be essential. 

Overall, structural 
changes are likely and 
conservation of this exon 
is high with a score of 
7.5 suggesting this exon 
might be essential. 

47

3% of residues are predicted to have changed their secondary structure. While 
most predictions have low or very low reliability, 6 predictions have medium and 
3 predictions have high reliability (but all these residues are outside any known 
domain). 10% of residues are predicted to have changed their solvent 
accessibility state. All predictions except one have low or very low reliability. 
The average loss of solvent accessibility per residue is the highest of all tested 
proteins with deleted exon(s). 19 residues within a 30 residue long sequence 
are predicted to have a change from disordered to ordered, albeit with low 
reliability. Conservation of this exon is moderate with a score of 6.8

Overall, structural 
changes are indicated 
and could in principle 
impact proper function. 

52

Only 3% of residues are predicted to have changed their secondary structure. 
All predictions has very low or low reliability. For 12% of residues a changed 
solvent accessibility is predicted, but reliabilities are low or very low. There is 
only a small additional loss of solvent accessibility (on top of the loss due to 
exon 52 deletion). Predictions of changes to the order/disorder status of 
residues have low or very low reliability and mostly occur in isolated single or 
pairs or residues. Conservation of this exon is low with a score of 2.2.  Overall, 
structural changes do not appear to be dramatic.  Of concern is the loss of 
phosphorylation sites as mentioned in the main text: Exon 52 is phosphorylated 
at T2554 by PKA, which was shown to regulate interaction with 14-3-3 beta 

(human)24, and at Y255625.  Loss of NLS is also a concern. 

Overall, structural changes 
do not appear to be 
dramatic, but PTMs and 
NLS will be lost.


