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Figure S1. MALDI-TOF MS spectrum of unconjugated BSA 
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Figure S2. MS-ESI(+) spectrum of unconjugated BSA 
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Figure S3. MALDI-TOF MS spectrum of Fent-BSA, 0.25 h 

 

 

Acquired: 
U:\...\4381s.T2D

60000 68000 76000 84000 92000 100000

Mass (m/z)

1.4E+4

0

10

20

30

40

50

60

70

80

90

100

%
 I

n
te

n
s

it
y

TOF/TOF™ Linear Spec #1=>SM5[BP = 68619.2, 13776]

68534



 5 

Figure S4. MALDI-TOF MS spectrum of Fent-BSA, 0.5 h 
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Figure S5. MALDI-TOF MS spectrum of Fent-BSA, 0.5 h  (immunization batch) 
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Figure S6. MALDI-TOF MS spectrum of Fent-BSA, 0.75 h 
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Figure S7. MALDI-TOF MS spectrum of Fent-BSA, 2h 
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Figure S8. MALDI-TOF MS spectrum of Fent-BSA, 3h 
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Figure S9. MALDI-TOF MS spectrum of Her-BSA, 1h 
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Figure S10. MALDI-TOF MS spectrum of Her-BSA, 1h (immunization batch) 
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Figure S11. MALDI-TOF MS spectrum of Her-BSA, 2h 
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Figure S12. MALDI-TOF MS spectrum of Her-BSA, 3h 
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Figure S13. Relative hapten copy numbers vs. conjugation time  

 

 

 
 

Table S1. Summary of MALDI-TOF results for heroin and fentanyl conjugates 

 

 
  

Hapten
Conjugation 

Time (h)
MW

Conjugation 

Number

BSA only N/A 66389 N/A

Fent 0.25 68534 5.7

Fent 0.5 70023 9.7

Fent 0.5 71056 12.4

Fent 0.75 71543 13.7

Fent 2 75964 25.5

Fent 3 76707 27.4

Her 1 70128 7.4

Her 2 73386 13.8

Her 3 73716 14.4

Conditions in bold indicate BSA surrogates that represent 

the KLH batch used for immunization.
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Figure S14. Change in mouse body weights throughout vaccination schedule 

 

 
 

Figure S15. Injection site reactions for each vaccination group 
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Table S2. Log(IC50) values ± SEM of all vaccination groups over time determined by SPR 

 

 
a 6-AM and fentanyl were not run for Fent-KLH and Her-KLH vaccination groups, respectively 
b
  6-AM was the primary analyte used in the SPR studies due to its longer half-life at pH 7.4 at rt 

compared to heroin. Heroin rapidly hydrolyzed during the experimental timeframe and therefore 
was not reported 

c
 Control vaccine groups were run by SPR but did not converge due to lack of detected antibody 

binding 
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Figure S16. Standard curves for blood-brain barrier concentrations 

 

Curves were generated using blank plasma or brain samples with known concentrations of 

heroin, 6-acetylmorphine, morphine, and fentanyl. The curves were used to quantify 

concentrations of drug in mice by LCMS analysis.  

 

 
 

 

  



 18 

Figure S17. Blood-brain barrier concentrations of all drug metabolites 

 

Bars show means + SEM. Significance is denoted by an asterisk from a two-way ANOVA and a 

Dunnett post hoc test when comparing vaccinated groups to vaccinated controls. *P < 0.05 and 

****P < 0.0001 versus control. 
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Figure S18. Log(IC50) values ± SEM of Fent-KLH and admixture vaccinated mice against 

fentanyl and related analogues 

 

 


