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The long-term goal o.f this pI’OJ. ect 1s to more efﬁm.ently synthesize a.n unn.atural Organic Synth esis j
fluorescent amino acid, 3-[7-nitro-2,1,3-benzoxadiazol-4-yl]-L-alanine; diazole for 2
short. This fluorescent amino acid can be incorporated into a transparent protein, 'HNMR kinetics: NBD-Cl was reacted with Boc-Dap-OH at final concentrations of
converting it to a “glow-in-the-dark™ protein. Two parallel pathways are being 0.060 M each 1n the deuterated mixed solvents listed in the table below. Reactions were
explored to synthesize this diazole amino acid: traditional organic synthesis and monitored over 12 hours, taking '"H-NMR spectra every 30 minutes. S W — ; | S
. . . . LC-MS monitoring of the enzyme-catalyzed reaction. The figure on the left is the total ion current (positive mode) for the
blOC&taIYSIS. 1I‘I-I\H\/H;{ and LC-MS are belng used to analyze the organic route by reaction mixture after 120 minutes. The figure on the right is the mass spectrum extracted at a retention time of 2.3 minutes.

LC-MS kinetics: Same reaction conditions as described above, except the solvent

monitoring the reaction kinetics of the key coupling reaction. The goal of these , , ,
mixtures were undeuterated. A 5 uLL sample was removed each hour, and diluted with 3

mL of the mixed solvent. The sample was stored at 4 “C. The next day, reaction progress Dis cussion
was monitored using LC-MS.

kinetics experiments 1s to 1dentify optimal reaction conditions (solvent, temperature,
etc.). For the biocatalytic route, the enzyme glutathione S-transferase from the

cyanobacterium 7. elongatus 1s being used to catalyze the key coupling reaction. . o .
With data from LC-MS kinetics, we concluded that we are converting our reactant to

Enzyme kinetics are monitored using LC-MS. 1-1 1-1 11 11 1-1 1-1 o . .
' H.0-EtOH H.0-MeOH HOACN | ILODMSO | H.O-DMF O THF a product, as the area of the product peak 1s increasing over time and the area of the
NO, Coupling Reaction | no. ‘Deprotection NO, reactant peak 1s decreasing overtime. We also were able to confirm a side product
N - ?- N R-eaction r N Bioc atalysis form.ing., which elute.s at 5.7 nﬁnutes. Overall, LCMS looks promising as a form of
Ny o Al \ il monitoring the reaction over time.
A - ,! CH,  H . Glutathione S-transferase from the cyanobacterium 7. elongatus was expressed in E.

H -:«C _— - o) . o R - o coli. The purified enzyme catalyzed the coupling reaction between NBD-C1 and As shown on the NMR spectrum, the peaks representing the protons on the reactant
o peckacng “NY TcoH < ; ; HNY "~ co glutathione. are showing a decrease 1n size from 0 minutes to 600 minutes. The peaks representing
- g e o° e the protons on the product, therefore, show an increase in size. This confirms that the

CHs CHs —C—CH, ] /:',: H ,(’,: ] EOZ N reactant 1s being converted into the desired product. An internal standard of TMS is
CHs \<|3< \c‘?///N\O . \(\:l/ \?{/N\O \$4 \Clié \ being studied for more quantitative analysis of NMR data.
H/c%?/c\\\N/ H,,C>C\/C\\\N/ H/C%?/C*N/
B Q ckgroun d el (gluathions)—CH, —S (o (gutathione)-CH,~S Ny The LC-MS was used to co.nﬁrm the 1de.:nt1ty of the coupling product formed during
‘ = the enzyme catalyzed reactlon: From this, we concluded that the product formed was
"M Base the protonated form of the desired product.

Amino acids can be utilized 1n tagging to better observe living cells. There are 20

amino acids that occur in nature, none of which naturally glow in the dark. By R l t
creating an unnatural amino acid that fluoresces, the amino acid can be used for CSUIlS
tagging, turning a once clear and colorless cell into a glowing cell. By improving the I “utur e Work
. . . . . . . 1 - Absorbance Spectrum 465 nm
synthesis of the diazole amino acid, this unnatural fluorescent amino acid can be more TN e Pl e g |
. : : : : : . “ " - _ 050, | Peak Results
readily used in protein analysis. The figure below illustrates the reaction conditions  feactut Pesk | = Brodust Boek " ® Name | RT | Area . . . .
he: Y diad P o }if _ S he: o5] 8 o !NBDC, e E— e Finish kinetic reactions with all solvents and with TMS standard.
eing studied to optimize the organic synthesis. : 2 S . .. . . .
s b s Y N \\ 2% 3 o e Confirm identities of products of organic reaction using LC-MS.
- | | e Monitor enzyme catalyzed reaction in different solvents using LC-MS.
NO, Coupling Reaction| No, 000 . . . .
N . X s 1 : : A T P s e Y e Replace the glutathione thiol with an amine.
- \ 2 3 - \ ampieName 1: . =9, I'OCGSSGMmUtesanne eSsCr. .0 nm ectrum ° ° ° * °
P P Tt fionee} ros0ommy o rreseseaEhannelbes FRA 5.8 nim (FA Sped e Hydrolyze glutamic acid and glycine to yield the diazole product.
N
, G H,O/EtOH N LCMS Results from organic reaction in DMF solvent. The graph shows the change in peak areas of the reactant and product peaks NO NO
NH, H,O/MeOH H overtime. The spectrum on the right shows the reaction after 5 hours. | 2 | 2
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As an alternative synthetic route, the biocatalytic route makes use of biological v Hy o co
catalysts known as enzymes. Enzymes serve as a means to improve the rate at which O)\O
a reaction occurs. The figure below depicts the target biochemical reaction which 1s Hsc/):\H%HS ACkIl OWlEdgementS
by Glutathione S-transferase (GST). GST is capable of coupling glutathione to
: : : T L YU R T VPR, | Dr. Thomas Goyne (Research Advisor), Dr. Christina Davis, Dr. Jeffrey Pruet, Dr. Kevin Jantzi, Previous
NBD-CI. Then, the product can undergo further synthesis to achieve the desired 0 A it AN ol Y ( ) . o y . ‘
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diazole amino acid. An overlay of H-NMR results from the organic reaction in ethanol solvent. The blue spectrum Taylor Justison (‘20), Arman Salim (‘17), and Ben Hoemann (‘16), Funding: Premedical Arts Endowment

represents time () minutes and the orange spectrum represents time 600 minutes.



