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A 

      

Molecular 
volume 

phenol 2,6-dimethyl-
phenol 

2-isopropyl-
phenol 

2,6-diethyl- 
phenol 

2,6-diisopropyl-
phenol 

2,6-di-sec-
butylphenol 

349 Å
3
 447 Å

3
 495 Å

3
 548 Å

3
 641 Å

3
 740 Å

3
 

EC50 (in vivo) 1642 ± 104 68.6 ± 4.6 133 ± 11.4 20.3 ± 2.2 1.9 ± 0.2 0.39 ± 0.1 

EC50 (in vitro) 920 ± 217 135 ± 23 39.7 ± 7.8 13.6 ± 1.1 1.9 ± 0.4 2.8 ± 0.4 

B 

   
 

Molecular 
volume 

1,3-diisopropylbenzene 2,6-dicyclohexylphenol 2,6-di-tert-butylphenol 3,5-di-tert-butylphenol 

632 Å
3
 843 Å

3
 711 Å

3
 706 Å

3
 

EC50 (in vivo) > 500 > 500 > 500 102 ± 13.3 

EC50 (in vitro) > 500 > 500 > 500 94.4 ± 26.5 
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B 
(M + 2H)

2+
 

Collision-induced dissociation 

MS-MS spectra of peptide A MS-MS spectra of peptide B 

Mass spectra of a mixture of peptides 

B 
(M + H)

+
 A 

(M + H)
+
 

A 
(M + 2H)

2+
 

A 
(M + 3H)

3+
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Incubation Photolysis Proteolysis Sequencing 



 









 

 

 

 

 





 



 







 











 





 



Retention time 

(minutes) 

Molecular weight (Da) 
Sequence 

Labelled Unlabelled 

42.9–46.0   724.3   508.2 535 HKPK 538 

43.0–44.0   962.2   746.1 
  

191 ASSAK  QR 197 

52.1–53.4 1032.4   816.3 
  

539 ATK  EQLK 545 

54.3–55.3 1162.4   946.3 
  

198 LK  CASLQK 205 

66.1–66.9   626.2   410.2 411 YTK 413 

67.4–69.0   888.4   672.3 
213 AWAVAR 218 

  

520 ER  QIK 524 

68.6–69.6 1343.6 1127.5 
  

525 K  QTALVELVK 534 

69.6–70.6 1234.6 1018.5 
  

210 AFK  AWAVAR 218 

82.2–83.8   606.2   390.2 223 FPK 225 



 



 





an ions (m/z) 
 

86.1 214.2 374.2 445.3 532.3 645.4 773.4 901.5 

 bn ions (m/z) 
 

114.1 242.2 402.2 473.3 560.3 673.4 801.5 929.5 

 cn ions (m/z) 
 

131.1 259.2 419.2 490.3 577.3 690.4 818.5 946.6 

 
 n = 1 2 3 4 5 6 7 8 

 
aa(198–205) L K C A S L Q K   

 
8 7 6 5 4 3 2 1 = n 

 

 
973.5 860.4 732.3 572.3 501.3 414.2 301.2 173.1 

 

xn ions (m/z) 

 
947.5 834.5 706.4 546.3 475.3 388.3 275.2 147.1 

 

yn ions (m/z) 

 
930.5 817.4 689.3 529.3 458.3 371.2 258.2 130.1 

 

zn ions (m/z) 

           



 







 

an ions (m/z) 
 

136.1 237.1 365.2 

 bn ions (m/z) 
 

164.1 265.1 393.2 

 cn ions (m/z) 
 

181.1 282.1 410.2 

 
 n = 1 2 3 

 
aa(411–413) Y T K   

 
3 2 1 = n 

 

 
437.2 274.1 173.1 

 

xn ions (m/z) 

 
411.2 248.2 147.1 

 

yn ions (m/z) 

 
394.2 231.1 130.1 

 

zn ions (m/z) 

      





 

an ions (m/z) 
 

120.1 217.1 345.2 

 bn ions (m/z) 
 

148.1 245.1 373.2 

 cn ions (m/z) 
 

165.1 262.2 390.3 

 
 n = 1 2 3 

 
aa(223–225) F P K   

 
3 2 1 = n 

 

 
417.2 270.1 173.1 

 

xn ions (m/z) 

 
391.2 244.2 147.1 

 

yn ions (m/z) 

 
374.2 227.1 130.1 

 

zn ions (m/z) 





 



an ions (m/z) 
 

110.1 238.2 335.2 463.3 

 bn ions (m/z) 
 

138.1 266.2 363.2 491.3 

 cn ions (m/z) 
 

155.1 283.2 380.2 508.3 

 
 n = 1 2 3 4 

 
aa(535–538) H K P K   

 
4 3 2 1 = n 

 

 
535.3 398.2 270.1 173.1 

 

xn ions (m/z) 

 
509.3 372.3 244.2 147.1 

 

yn ions (m/z) 

 
492.3 355.2 227.1 130.1 

 

zn ions (m/z) 

       





 





an ions (m/z) 
 

44.1 230.1 301.2 400.2 471.3 627.4 

 bn ions (m/z) 
 

72.0 258.1 329.2 428.2 499.3 655.4 

 cn ions (m/z) 
 

89.1 275.2 346.2 445.3 516.3 672.4 

 
 n = 1 2 3 4 5 6 

 
aa(213–218) A W A V A R   

 
6 5 4 3 2 1 = n 

 

 
699.4 628.3 442.2 371.2 272.1 201.1 

 

xn ions (m/z) 

 
673.4 602.3 416.3 345.2 246.2 175.1 

 

yn ions (m/z) 

 
656.4 585.3 399.2 328.2 229.1 158.1 

 

zn ions (m/z) 

         



 





 



Labelled peptide Binding site 

191 ASSAKQR 197 Propofol site 3 

198 LKCASLQK 205 Propofol site 3 

210 AFKAWAVAR 218 Propofol site 3 

213 AWAVAR 218 Propofol site 3 

223 FPK 225 Propofol site 3 

411 YTK 413 Propofol site 1 

525 KQTALVELVK 534 Propofol site 2 

535 HKPK 538 Propofol site 2 

539 ATKEQLK 545 Propofol site 2 
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1 

 
G Q D M V S P P P P 

 
I A D E P L T V N T 

 
G I Y L I E C Y S L 

 
D D K A E T F K V N 

 
40 

41 

 
A F L S L S W K D R 

 
R L A F D P V R S G 

 
V R V K T Y E P E A 

 
I W I P E I R F V N 

 
80 

81 

 
V E N A R D A D V V 

 
D I S V S P D G T V 

 
Q Y L E R F S A R V 

 
L S P L D F R R Y P 

 
120 

121 

 
F D S Q T L H I Y L 

 
I V R S V D T R N I 

 
V L A V D L E K V G 

 
K N D D V F L T G W 

 
160 

161 

 
D I E S F T A V V K 

 
P A N F A L E D R L 

 
E S K L D Y Q L R I 

 
S R Q Y F S Y I P N 

 
200 

201 

 
I I L P M L F I L F 

 
I S W T A F W S T S 

 
Y E A N V T L V V S 

 
T L I A H I A F N I 

 
240 

241 

 
L V E T N L P K T P 

 
Y M T Y T G A I I F 

 
M I Y L F Y F V A V 

 
I E V T V Q H Y L K 

 
280 

281 

 
V E S Q P A R A A S 

 
I T R A S R I A F P 

 
V V F L L A N I I L 

 
A F L F F G F 

    
317 

 









Averaged mass spectra 
period / mins 

m/z peaks identified 
(charged states of ions)

a
 

Molecular weight / Da 

Labelled peptide
a 

Parent peptide 

  83.0–85.8   581.9 (2+) 1161.7   945.6 

  92.5–96.0   
834.4 (2+), 556.6 (3+) 1666.8 1450.7 

856.2 (1+)   855.2   639.1 

  97.0–99.0   955.2 (2+), 637.1 (3+) 1908.3 1692.2 

  99.0–104.5 
1090.2 (2+), 727.1 (3+) 2178.4 1962.3 

1464.6 (2+)
b
, 976.7 (3+)

b 
2927.2 2711.1 

120.0–145.0 

744.2 (1+)   743.2   527.1 

749.2 (1+)   748.2   532.1 

850.2 (1+)   849.2   633.1 



 













 





 









 

α β γ



α





















































Actual 
MW / 
Da 

Calculated 
MW / Da 

Potential peptide 
Actual 
MW / 
Da 

Calculated 
MW / Da 

Potential peptide 

527.1 526.2 (L) 25 IECY 28 1450.7 1451.7 1 GQDMVSPPPPIADE 14 

527.3 (A) 71 IWIP 74 1449.7 (I) 93 SVSPDGTVQYLER 105 

527.3 (R) 110 VLSPL 114 1450.7 (F) 175 ALEDRLESKLDY 186 

527.3 (V) 169 VKPAN 173 1449.9 (E) 223 ANVTLVVSTLIAHI 236 

532.1 532.3 (S) 45 LSWK 48 1449.9 (A) 224 NVTLVVSTLIAHIA 237 

531.3 (D) 89 VVDIS 93 1450.8 (T) 254 YTGAIIFMIYLF 265 

531.3 (V) 90 VDISV 94 1450.8 (Y) 255 TGAIIFMIYLFY 266 

531.3 (K) 149 VGKND 153 1450.9 (F) 304 LLANIILAFLFFG 316 

531.3 (A) 176 LEDR 179 1692.2 

 

1693.0 (L) 104 ERFSARVLSPLDFR 117 

531.3 (L) 177 EDRL 180 1692.0 (P) 121 FDSQTLHIYLIVRS 134 

531.3 (E) 178 DRLE 181 1691.9 (A) 144 VDLEKVGKNDDVFLT 158 

532.3 (Y) 222 EANVT 226 1692.9 (F) 175 ALEDRLESKLDYQL 188 

531.3 (V) 229 VSTLI 233 1962.2 1962.3 (Y) 103 LERFSARVLSPLDFRR 118 

531.3 (I) 298 AFPVV 302 1962.2 (F) 175 ALEDRLESKLDYQLRI 190 

633.1 632.3 (A) 54 FDPVR 58 1962.2 (I) 212 SWTAFWSTSYEANVTLV 228 

633.4 (I) 77 RFVNV 81 1961.4 (T) 245 NLPKTPYMTYTGAIIFM 261 

632.3 (R) 86 DADVVD 91 1962.4 (M) 253 TYTGAIIFMI YLFYFV 268 

633.3 (A) 290 SITRAS 295 2711.1 2710.1 (G) 2 QDMVSPPPPIADEPLTVNTGIYLIE 26 

639.1 639.3 (I) 23 YLIEC 27 2711.1 (L) 31 DDKAETFKVNAFLSLSWKDRRLA 53 

639.3 (Y) 24 LIECY 28 2711.1 (F) 55 DPVRSGVRVKTYEPEAIWIPEIR 77 

638.3 (R) 63 VKTYE 67 2711.0 (N) 84 ARDADVVDISVSPDGTVQYLERFSA 108 

638.3 (P) 248 KTPYM 252 2711.0 (V) 142 LAVDLEKVGKNDDVFLTGWDIESF 165 

945.6 946.5 (L) 53 AFDPVRSGV 61 2711.4 (Q) 188 LRISRQYFSYIPNIILPMLFIL 209 

945.5 (A) 109 RVLSPLDF 116 2711.3 (Y) 198 IPNIILPMLFILFISWTAFWSTS 220 

945.5 (R) 110 VLSPLDFR 117 2710.1 (S) 213 WTAFWSTSYEANVTLVVSTLIAHI 236 

945.5 (I) 132 VRSVDTRN 139 2710.1 (F) 268 VAVIEVTVQHYLKVESQPARAASIT 292 

945.5 (S) 165 FTAVVKPAN 173   

945.5 (F) 166 TAVVKPANF 174   

945.5 (I) 259 IFMIYLF 265 


	Abstract
	Acknowledgements
	Declaration of originality
	Table of contents
	Table of figures
	Acronyms and abbreviations
	1 Introduction
	1.1 General anaesthetics and their molecular targets
	1.2 Photoaffinity labelling
	1.3 Analysis of proteins and peptides using mass spectrometry
	1.4 Protein targets in this photoaffinity labelling study
	1.4.1 Human serum albumin
	1.4.2 Gloeobacter violaceus ligand-gated ion channel

	1.5 Aims of this project

	2 Materials and methods
	2.1 Physical characterisation of the photolabels
	2.1.1 UV absorbance
	2.1.2  Hydrolysis and photolysis

	2.2 Biological characterisation of the photolabels
	2.2.1 Loss of righting reflex in rats
	2.2.2 Whole-cell patch clamping

	2.3 Photolabelling experiments with human serum albumin
	2.3.1 Light exposure of HSA
	2.3.2 Denaturation of proteins and modification of cysteine residues
	2.3.3 Trypsin-digestion of proteins

	2.4 Photolabelling experiments with Gloeobacter violaceus ligand-gated ion channel
	2.4.1 Light exposure of GLIC
	2.4.2 Denaturing and digesting GLIC
	2.4.2.1 Treatment A: denatured in guanidine hydrochloride and digested with chymotrypsin
	2.4.2.2 Treatment B: photolabelled at pH 8, denatured in SDC and digested with chymotrypsin
	2.4.2.3 Treatment C: photolabelled at pH 4, denatured in SDC and digested with chymotrypsin
	2.4.2.4 Treatment D: photolabelled at pH 8, denatured in urea and RapiGest and digested with Lys-C followed by chymotrypsin


	2.5 High pressure liquid chromatography-mass spectrometry
	2.5.1 Liquid chromatography-mass spectrometry
	2.5.2 Tandem mass spectrometry


	3 Characterisation of the photolabel
	3.1 Physical characterisation of propofol and photofol
	3.1.1 UV-Vis absorption profiles
	3.1.2 Aqueous stability and photolysis in ethanol

	3.2 Biological characterisation of the photolabels
	3.2.1 Loss of righting reflex in rats
	3.2.2 Whole-cell patch clamping in GABAA receptor-expressing HEK cells

	3.3 Concluding remarks for the characterisation of photofol

	4 Photoaffinity labelling of human serum albumin
	4.1 Identification of tryptic digests of HSA from HPLC-MS
	4.2 The photolabelling experiment samples
	4.3 Identifying labelled HSA peptides
	4.3.1 Identifying the retention times of labelled peptides
	4.3.2 Determining the masses of labelled peptides

	4.4 Selected ion monitoring scans and fraction collections
	4.5 Predicting labelled peptide sequences based on molecular weight
	4.6 Sequencing labelled peptides by tandem mass spectrometry
	4.6.1 Labelled peptide LKCASLQK
	4.6.2 Lysine-labelled peptides
	4.6.3 Labelled peptide YTK
	4.6.4 Labelled peptide FPK
	4.6.5 Labelled peptide HKPK
	4.6.6 Labelled peptide AWAVAR

	4.7 Isotopic peak distributions of labelled peptides
	4.8 Labelled amino acids in the HSA structure
	4.9 Concluding remarks for the photoaffinity labelling of HSA

	5 Photoaffinity labelling of Gloeobacter violaceus ligand-gated ion channel
	5.1 Identification of peptides from digested GLIC by HPLC-MS
	5.1.1 Treatment A with guanidine hydrochloride and chymotrypsin
	5.1.2 Treatment B with sodium deoxycholate and chymotrypsin

	5.2 Photolabelling GLIC
	5.2.1 Treatment B with sodium deoxycholate and chymotrypsin post- photolabelling at pH 8
	5.2.2 Treatment C with sodium deoxycholate and chymotrypsin post-photolabelling at pH 4
	5.2.3 Treatment D with urea, RapiGest, Lys-C and chymotrypsin post-photolabelling at pH 8

	5.3 The labelled amino acids of GLIC
	5.4 The potential labelled peptides of GLIC
	5.5 Concluding remarks for the photoaffinity labelling of GLIC

	6 Overall conclusion
	References
	Appendix


