
N F I/L A G E Q/K D X X V R

XX could be NV, VN, RG, GR

Notes for this question only: As 
long as your answer includes the 
correct  sequence, no penalty 
applied on the wrong sequence.

The b ions and y ions are complementary,
So, Mass of peptide = bm+ yn-m – 2

n is the number of residues;
m is the number of residues on a fragment ion.



Mass of Protein A = 25525.15 ± 0.26 Da

Mass of AB complex = 61009.76 ± 0.66 Da



MILVDLEPGTMDSVRSGPFGQIFRPDNFVFGQSGAGNNWAKGHYTEGAELVDSVLD
VVRKEAESCDCLQGFQLTHSLGGGTGSGMGTLLISKIREEYPDRIMNTFSVVPSPKVS
DTVVEPYNATLSVHQLVENTDETYCIDNEALYDICFRTLRLTTPTYGDLNHLVSGTM
ECVTTCLRFPGQLNADLRKLAVNMVPFPRLHFFMPGFAPLTSRGSQQYRALTVPDLT
QQVFDAKNMMAACDPRHGRYLTVAAVFRGRMSMKEVDEQMLNVQNKNSSYFVE
WIPNNVKTAVCDIPPRGLKMAVTFIGNSTAIQELFKRISEQFTAMFRRKAFLHWYTGE
GMDEMEFTEAESNMNDLVSEYQQYQDATAEEEEDFGEEAEEEA 

(potential mutations suggested by the SNP analysis: 

“D” to “N” and “K” to “Q”)

Question: Find out if the mutant(s) was expressed. 

• Two single nucleotide polymorphisms (SNPs) on 
a protein but not sure whether the corresponding 
mutated protein(s) is also expressed. He decided 
to isolate this protein using an 
immunoprecipitation approach and hope to pull 
down both the WT and the mutant(s) (if it’s 
expressed at all) together.



MILVDLEPGTMDSVRSGPFGQIFRPDNFVFGQSGAGNNWAKGHYTEGAELVDSVLD
VVRKEAESCDCLQGFQLTHSLGGGTGSGMGTLLISKIREEYPDRIMNTFSVVPSPKVS
DTVVEPYNATLSVHQLVENTDETYCIDNEALYDICFRTLRLTTPTYGDLNHLVSGTM
ECVTTCLRFPGQLNADLRKLAVNMVPFPRLHFFMPGFAPLTSRGSQQYRALTVPDLT
QQVFDAKNMMAACDPRHGRYLTVAAVFRGRMSMKEVDEQMLNVQNKNSSYFVE
WIPNNVKTAVCDIPPRGLKMAVTFIGNSTAIQELFKRISEQFTAMFRRKAFLHWYTGE
GMDEMEFTEAESNMNDLVSEYQQYQDATAEEEEDFGEEAEEEA 

(potential mutations suggested by the SNP analysis: 

“D” to “N” and “K” to “Q”)

If D mutated into N,

Question: Find out if the mutant(s) was expressed. 

Mass          Position                            Peptide sequence                                                  

If K mutated into Q,

Mass          Position                   Peptide sequence            

targeted proteomics techniques could be used. 





VSDTVVEPYNATLSVHQLVENTNETYCIDNEALYDICFR 
NSSYFVEWIPNNVQTAVCDI PPR 



Figure 1. Results of incubating AcuA proteins 
with radioactive [1-14C]acetyl-CoA. A. Lane 1, 
Protein X; lane 2, Protein X mixed with AcuA; B. 
Autoradiogram of the left panel.

(a) Please analyze the results. [5 marks]
14C acetyl group gets transferred from acetyl-CoA to protein X. This
post-translational modification is catalysed by AcuA, suggesting that
AcuA is an acetyltransferase.

(b) Briefly describe what technique can be used to confirm the
results. [5 marks]

Acetyl group increases the mass of 42 Da following acetylation of
the peptide. So MS-based technique.

Excise the two protein “spots” à In-gel trypsin
Digest  à Recover tryptic peptides à RP-HPLC-MALDI-TOF.

 (Note：MS1 spectra comparison probably be good enough, if you do 
MS/MS is also OK).

(c) Previous MS studies found that a single peptide of protein X,
with the sequence SGKIMR and a mass of 690.5 Da, was affected
when the protein X was incubated with AcuA. Which amino acid
residue in the peptide is likely to be affected? Please draw a diagram
of the steps used to locate the modification. [10 marks]

Most likely to be lysine - ε-amino group is known to be susceptible to 
acetylation.
Bottom-up or Top-down….





(d) When protein X was incubated with acetate, ATP and CoA,
it produced AMP with a specific activity of 3.3 ± 0.41 μmol of
AMP released per min per mg of protein. However, when it was
incubated under the same conditions but additionally with
AcuA, there was no detectable activity. What implications do
these results have for the in vivo regulation of the AcsA acetyl-
coenzyme A synthetase? [5 marks]

• Acetylation of protein X (by AcuA) inhibits its catalytic
activity in vitro.

ATP + acetate + CoA <=> AMP + pyrophosphate + acetyl-CoA

Active AcsA or X + acetyl-CoA à Inactive AcsA or X

• If this also occurs in vivo, then it’s an example of product
inhibition.

acetyl-coenzyme A 
synthetase AcsA or X

AcuA

(e) Diagram the process to monitor the 
level of protein X in Bacillus subtilis. [10 
marks]

Many techniques work. But the answer 
must include identification of protein X 
and time course for “monitoring”.



(a) What is the impact of the mutations on the polymerase? [5 
marks]

K to D and K to E mutations increase the heat tolerance of the
polymerase.
Reason: higher temperature to denature: from 40℃ to 70 ℃ and
85℃

(b) You are aiming to develop the enzyme for use in polymerase 
chain reaction (PCR). Which enzyme is most likely to 
survive twenty repeated PCR cycles? Explain your answer. 
[5 marks]

K to E mutant: as the denaturing temperature is the highest.
Thus, most likely to survive a PCR condition: 94℃, 60℃,
72℃,



(c) The circular dichroism (CD) results of the 
wild type and the K->E mutant are shown 
in Figure 3 (right). Please analyze the CD 
results. [5 marks]


