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What makes a good (PhD) student
a) Choose a supervisor whose work you admire and who is well supported by grants and 

departmental infrastructure.
b) Take responsibility for your project.
c) Work hard — long days all week and part of most weekends. If research is your passion 

this should be easy, and if it isn't, you are probably in the wrong field. Note who goes 
home with a full briefcase to work on at the end of the day. This is a cause of success, not 
a consequence.

d) Take some weekends off, and decent holidays, so you don't burn out.

e) Read the literature in your immediate area, both current and past, and around it. You 
can't possibly make an original contribution to the literature unless you know what is 
already there.

f) Plan your days and weeks carefully to dovetail experiments so that you have a minimum 
amount of downtime.

g) Keep a good lab book and write it up every day.
h) Be creative. Think about what you are doing and why, and look for better ways to go. 

Don't see your PhD as just a road map laid out by your supervisor.
i) Develop good writing skills: they will make your scientific career immeasurably easier.
j) To be successful you must be at least four of the following: smart, motivated, creative,

hard-working, skillful and lucky. You can't depend on luck, so you had better focus on 
the others!

Nature 441, 252 (10 May 2006) | 10.1038/nj7090-252b

http://www.nature.com/nature/journal/v441/n7090/


Example #1

Two issues

1) Messy Colleague
2) Tough supervisor



1 A A Y M T L T N K S D Q P I K L V G A A T P L A T S P M L M T T T H S G - G M A G M K M V P W - L T I P A R G T L T L Q

2 A A Y F T L E N H S D K A V R L I G V T T D V A N E A Q L H T M I Q E Q - G M V K M R H V E G - F D I P S H G T L T L M

3 A F F G E V M N H S D V E R Y I V S A S S E V A A K V E L H D V I K E G - D V M K M R Q V P E - F V I P A Q G T L V L K

4 A G Y V T L V N A G D K P V D L V D I S S N D Y G D A M L H Q T V S N G - S S Q K M V M V D K - L T V P A H G Q V A I A

5 A I F L T I F N N T N K D I A L I S A K S D I S E V S E L H T H I H K D - G K M M M Q K I P E - I I I K A H S S T E L K

6 G A F M V L T A - - S S D S K L V G V A S P V A K T V Q V H E M T M N G - D V M G M R E V K A - I E L P A G K A V T L D

7 A V F V E L M N R S D N V R T I V A A E T P A A G K V E L H D V I K E G - D V M K M R Q V D S - I E I P A K G K T V L K

8 A I F M V I E N H G A S D D R L V S A A T D A A A R V E L H T H L A G Q D G V M Q M V E V K E G F P V P A H G S H A L A

9 A V F V E L M N R S D N V R T I V A A E T P A A G K V E L H D V I K E G - D V M K M R Q V D S - I E I P A K G K T V L K

10 A A Y F V V Q N H G K E N D T L L G A D T P R A A S A E V H E H V H K N - G M M S M Q K V D S - V D V A P G K D L R F A

11 G A F M T L H A - - H Q D A K L V G V S S P V G T - A E L H E M K M E N - N V M R M R Q I P S - L D L P K M Q D V Q L K

12 A A Y F I I E N K G D S D D R L I G V D T P I A G Q A Q L H E H V H A D - G L M K M Q H V E A - V D I P A G A K V S F A

13 A V F V T F A N R S Q D D I N I V A A E T P A A G K V E L H D V I K D G - D V M K M R Q I D R - I T L G A K E T T E L K

14 M M G M I I V N E G D E P D Y L I G A K T D I A Q R V E L H K T V I E N - D V A K M V P Q E R - I E I P P K G K V E F K

15 A V Y F T V K N G G R M A D R L T G A D T P N A A K T E L H T H L R T G - E V M R M Q H I D S - I E V P A G A E V K L T

16 G A F L T L T N - T G D A D R L L S A S A D V S E T V E L H T H I M D G - T V M R M R Q V D A - I D L P A K G S V A L R

17 A A F M V L M N H S M D A V S L L K A S S P Q F E R V E L H R S M P V D - G V M R M V E Q S R - I P V P A Q G K T I L K

18 A G Y L T I S N T G D E D I T L T E A A T S L S D R T E L H T V E T T E S G A A Q M V P V D D - I P I P A G E T V E L A

19 A A Y M V I V N - N G A A D A I V K A E S D V A A S V E L H N V V M E N - N V M Q M R Q V E A - I E V P A N G Q V E L K

20 G A F M R I T A - - D T D S K L V D V A S P V A K T V Q I H E M S M K G - D V M S M Q R V N S - V D L P A G K P V M L D

21 A A F M T I H N - H G A A D R L V S A Q A E I S K S V E L H T H V K D G - D I Y R M R K V E A - L A L P E H G S A E L K

22 A G Y M E I E N D A K A A D R L V S V S S P A A E R V E L H N V V T E N - G V A Q M R Q V D G - V A V P A D G K A R L A

23 G I F G E I M N H S D K D V T V V G F S S S I N A K M N Q L H E V V D G - - - - V M K E K E G G F V I P A G G T Y T L E

24 G A F M T V T A - - D S D S K L L S V A S P A A K D V Q I H E M T M K N - D V M S M G P V K S - V D L P A G K A I N F D

25 A A Y F T L E N K G D S A D R L I S V D T P I A G Q A Q L H E H V H A D - G L M K M Q H V Q A - V D I P A G A K V V F A

26 G A F M T L Q A - - A D G A R L V G I S T P A A A R A E I H E M K M E G - D V M R M R A I P A - L P L P K G E A V Q L K

27 A V F A T L V N N S D D E I N V S G F T A D V D A A S F E V H E V V D G - - - - V M Q E K P G G F V I P A G E S I E L A

28 G A F M R L T A - - Q R D L R L V G A R S A I A E H T E V H E M A M Q G - Q T M R M R Q I A A - L E L P K G R A V A L A

29 A G F G Q F H N G C A Q P L T I T A A N S S V F A D V S L H E T T Q V N - G V S R M R A V P E - L A L P A G K S V P L A

30 G V Y L S L E N Q G K A E D K L V S A S T P R A E R A E V H T H V N D N - G V M R M R K V E G G V A V A P G Q T V K F A

31 G A F M T I T S - - S S D S K L L S A Q S P V A K I V Q L H L S T M K N - D V M S M Q P V E F - I D L P A G K P V T L D

32 A I F G T L T N T T D E E I S L T G F E A S V D A A A Y E I H E V V D G - - - - V M R E K E G G L T I A A G D T H E L A

33 G G Y V T L R N Q S S T P D R L V A V E S P A S A Q V E L H D M R M D G - G V M K M R R L D D G L A L P P G E T V V L G

34 G A F M H I T S - - S T D S K L V D V T S P V A K T V Q I H Q M S M K G - D V M S M Q R V S S - V D L P A G K P V V F D

35 G G Y L T V T N T G T E P D R L T G G S L E A A G R G E L H T M S M E G - H V M K M A P L P N G L E I A P G K T V T L A

36 G G Y L T I T N N G S A P D R L L S I S S D I S D K A E L H E M G V K D - G V M T M R P V V G G L E I P A G G K V V L G

37 A I Y M V L E N Q T S S P I V V N Y I H T T I A D R V E V H Q H I H E D - G M M K M R Q A K H - L K I P A K Q K Q L F E

38 G A F M K I H N D E A K Q D F L L G G S S P V A D R V E V H T H I N D N - G V M R M R E V E G G V P L E A K S V T E L K

39 G A F M K I H N D E A K Q D F L L G G S S P V A D R V E V H T H I N D N - G V M R M R E V E G G V P L E A K S V T E L K

40 A A Y F I I H N G G K T A D R L L S V D S P I A P T A E L H E H V M Q G - D L M K M Q Q V P N - V A I P A G G N V T F A

41 A G F L T I T N E G D S A D E L T S V T S E A G E - V T V H E T I D G T - - - - - M K E V D R - I E V P A H G Q L V F K

42 G C Y V T L T - - A G V D D R L V A V E T T A A A R G E I H T M S M D G - G V M R M R K L A D G L A L P A G K A V A L K

43 G G G F V V R N G G S A D D R L L A V E S P A A G R V E L H E M T M E N - D V M K M R K L E D G I A V P A G G T V E L K

44 G G F F Q L T N H G D T E D A L I A A E S P I A G R V E I H T H T N E D - G V M K M I K I D E - V R V A A H E T V V F K

45 G G F L T I A N D G K K A D K L V S V S A P G V K R V E I H E M T M Q D - Q I M K M R K L E G G L D L P A G K T M Q L K

46 G G F L T I A N D G K K A D K L V S V S A P G V K R V E I H E M T M Q D - Q I M K M R K L E G G L D L P A G K T M Q L K

47 G G Y L T I E N R G H A P E R L Q T A S A A H A L R T E I H E M A V N N - G V M T M R P L I D G L V I A P G Q I V K L A

48 A A Y F V V H N N G Q A D D R L L S V D S P I S D D A Q L H E H A M S A T G A M K M Q Q V P S - V V V P A G K D L T F A

49 G G Y V T I K N T G D S D D K L V G I E S S A A G R A E I H E M A M V N - D V M K M R K L D E G I V I P A G Q T V E L K

50 G G F L T I E N K G G S A D R L V S G T A D I A G K V E I H E M S M D N - G V M K M R P L D K G L P I E P G K T V T L M

. * .

R D G D H V M L M G L K R P

P S G E H V M L I G L K A P

P G S F H I M L L E L K K P

P G G Y H V M L E D A K H K

S G G Y H I M L L K L K K P

P N G L H V M L M G L H N Q

P G S L H I M L F D L K A P

R G G D H V M L M G L T K P

P G S L H I M L F D L K A P

P G G Y H L M L M G L K Q P

P G G Y H V M L M G L K Q Q

P M A W H V M L L D L K D R

P G S L H I M L F D L K T P

H H G Y H V M I I G L K K R

P G G H H I M I F K P K R P

P G S F H V M L I G L K A P

P G D W H V M L M M G K A A

S G G L H I M V L D I A D P

P G G F H V M L I G L N R D

S D G Y H V M F M G L A A Q

P G G D H I M F I G L N A P

P G G Y H V M F L K L K A P

P G K D H M M L M G V D K P

P N G Y H V M L M G L S A Q

P M A W H V M L L D I K D R

P G G Y H V M L Q D L K Q P

P G G D H L M I M G L A N P

P G G Y H L M L I G L K Q P

P G G L H L M L M D A S A P

P G S Y H I M L L G L K Q P

P H K Y H V M L I D L V K Q

P G Q D H L M L M G L E A P

P G G T H L M F I G P H A P

A N G Y H V M F M G L L A Q

P S G N H L M F L E L K T P

P G S Y H V M F M D L K Q P

P G G Y H L M V F D F Y E P

P G S Y H V M F M G L K K Q

P G S Y H V M F M G L K K Q

P M A Y H V M L M N P T D R

S G G N H L M F E K L K Q Q

P G A D H I M V I G P K I A

S G G L H L M F M E V K K P

P G S F H L M I F N P T Q T

S G S Y H L M F I E P E H P

S G S Y H L M F I E P E H P

P G G G H L M F I G L D A P

P G A Y H V M L M Q P K D R

P G G L H M M F F N V K K P

P G S Y H I M L M D L K G P

* . *

A BLAST search over all non-redundant GenBank genomes

M

H M H M

75 86 108 110



BLAST – 52 sequences

Selected 4

For NMR the one with best expression and 15N HSQC peaks distribution



What do you need to perform NMR resonance assignment

1) Primary sequence
MQQDDDFQNF VATLESFKDL KSGISGSRIK KLTTYALDHI DIESKIISLI 

IDYSRLCPDS HKLGSLYIID SIGRAYLDET RSNSNSSSNK PGTCAHAINT 

LGEVIQELLS DAIAKSNQDH KEKIRMLLDI WDRSGLFQKS YLNAIRSKCF 

AMDLEHHHHHH

2) Chemical shifts of Ca/Cb (vide infra)

3) Secondary structure

4) Exact peak positions

5) 13C + 15N isotopically enriched protein ~60-200 aa (<35 kDa)



N- C-terminus H-bond

Secondary structure organization in proteins



Cavanagh et al. Protein NMR Spectroscopy 2nd ed.

13C chem. shifts in proteins

A

G

S / T

L / D / N / C / F / Y

V / P

I

Q / R / K / M / H / W / E

Some AAs have unique chem. shift, 
some resonances are degenerated



15N-1H HSQC

1) 1 peak ≅ 1 aa
2) Excellent info about protein folding state
3) No sequential info
4) For sequential assignment (to know which 

peak is which aa), 3rd dimension needed



1H-15N HSQC, cca 155 aa, well folded, 600MHz, 293K

1H 1D, Cavanagh et al., 2007



So far so good



1H

13C

15N

Std. set of 3D NMR spectra for sequential assignment

1) HNCO – C=O
2) HNCA – Ca,i, Ca,i-1

3) HNCOCA – Ca,i-1

4) HNCACB – Ca,i, Ca,i-1, Cb,i, Cb,i-1

5) HNCOCACB – Ca,i-1, Cb,i-1

Vždy nutná minimálně dvojice spekter

15N-1H HSQC rovina



i-1 i i+1

Alanine Glycine Serine

1
3C

  1
0

   2
0

   3
0

   4
0

   5
0

   6
0

 p
p

m

Cbi-1, Cai-1

Cbi, i-1

Cai, i-1

1Hi/
15Ni

1Hi/
15Ni

1Hi/
15Ni



Problem #1

The protein sequence doesn’t match the peaks

Expected               ( S / T ) residues  - 6

Observed in spectra - 22



After desperation of own incompetence and misinterpreting and misprocessing of the spectra, I 
dared to ask my colleague to show me the four sequences used in expression

one of the four proteins had 22 S /T 

 colleague messed up the sequences and worked with different one she thought and provided

 luckyly enough S / T are very specific and I could recognize them



Problem #2

Supervisor didn't support the project anymore and didn’t trust the protein 
can bind copper as EPR didn’t show any signal

 EPR had receiver contaminated with copper  or 

 Despite obtaining ”red-light” from supervisor, I moved on



Titration by Cu(II) and Cu(I)

Apo, Cu(II) and Cu(I)

h108

g113
t76

g85

g106

m112
m83

m73

d107



A

≈
≈

His 108

His 108His 79

His 79

C

Interaction of DR1885 
with copper

-titration (A,B)
-2J HSQC (C)

B

co
m

b
in

ed



Conserved Met&His
Other Met&His residues

His 108

Met 73

Met 75

Met 88

Met 86

His 79

Met 83

Met 112

N

C

N

C

b1

b2

b3

b4

b5

b6

b7

b8

b9
Met 110

cyan – b-sheets
grey – random coil

HoloApo



“Problem” #3

Alphabetical order of authors: Banci L, Bertini I, Ciofi-Baffoni S, Katsari E, Katsaros N, Kubicek K

i) Being last on your paper is not bad
ii) In case the story is complete and makes sence
iii) Our wasn’t 
iv) EXAFS measurement could bring precious info
v) EXAFS expert is prof. Mangani



His 108

Met 75

Met 86Met 110

Cu(I)

b4

b5’

X-Ray Absorption Spectroscopy

Cu(I)DR1885 DE=-10.3 eV
Ligand    r(Å)   2s2.103(Å2)  R-exafs e(fit index)

Fit1 (1shell)      2S       2.299     4(1)            0.446         0.49
Fit2 (1shell)      3S       2.301     9(1)            0.403         0.41
Fit3 (2shells)    3S       2.300     8(1)            0.334         0.29

1N§ 1.982     4(1)
Fit4 (2shells)     3S       2.303    8(1)            0.305         0.27

1N*      1.999    7(2)
§ no MS *His, MS



Conserved Met&His
Other Met&His residues

His 108

Met 73

Met 75

Met 88

Met 86

His 79

Met 83

Met 112

N

C

N

C

b1

b2

b3

b4

b5

b6

b7

b8

b9
Met 110

cyan – b-sheets
grey – random coil

HoloApo



Note the alphabetical order of authors



Example #2

One issue

1) Things are not as easy as they seem to be



1) Protein expresses well

2) 15N HSQC looks nice

3) Protein is stable for about 7-14 days

4) Something, however, still doesn’t fit (concentration reachable only to .5mM)





Something doesn’t fit

=> During the structure calculation, lot of hydrophobic residues exposed to 
the solvent 

=>SAXS, NMR and AUC point to dimer while we expect monomer 



Is this a real structure or is it an artefact of experimental conditions?



As it is domain of RNA binding protein, may be this is the correct arrangement

But fluorescence anisotropy shows no significant binding to RNA 



2 - 3 years of work and no plausible result

Back to roots!

i) Check the protein sequence once again
ii) Read literature
iii) Push!
iv) And find some diligent student(s) and co-workers to help with the job(s)



Comparison of original (don’t call it old, it’s not kind) and extended constructs

1) Protein expresses well

• Expressions even better

2) 15N HSQC looks nice

• Spectra even nicer

3) Protein is stable for about 7-14 days

• Protein holds for even longer

4) Something, however, still doesn’t fit (concentration reachable only to .5mM)

• Is that enough?



Time to move to 21st century

1) From traditional 3D NMR spectra for assignment

2) New approaches => new challenges! 



Expt. Name         Dimensionality                Correlated Nuclei



Backbone and side-chain assignment achieved in 3+3 weeks: 

acquisition+processing, respectively

Secondary structure estimation from expt. data looks fantastic



Structure calculated and refined within autumn semester of bachelor study



CYANA structure (50 structures) 
(topology -𝛽1𝛼1𝛽2𝛼2𝛽3𝛽4𝛽5𝛼3)



But! Does it make sense? Where would the RNA bind?



DALI server comparison c-term (blue) vs. 2g4c (red)



AMBER structure (best 10)



AMBER (blue) vs. CYANA (red)



SAXS comparison of expt. vs. calculated data



This story goes on but seems promising! Veeeery promising!



Take home message

Q: Why didn’t you succeed?

A: ‘cause we didn’t try hard enough! Kvido Stříšovský

From the “Shawshank” movie
Q: Why R U here?
A: ’cause the lawyer screwed it up! 
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