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Abstract

* An automated flow rate optimization system was developed comprising a peristaltic pump and a single-board computer.

* The slope of response-vs.-sample flow rate determines the sensitivity regime of a detector.

* A Python script computes first derivatives on-the-fly with Savitzky-Golay algorithm.

* Tested with electrospray ionization (ESI) mass spectrometry (MS) and atmospheric pressure chemical ionization (APCI)-MS.

 Detector sensitivity regime thresholds for samples containing low-molecular-weight analytes are reported to the user within 8 minutes.

* The influence of sample flow rate on protein charge state patterns in ESI-MS in the presence of various additives was studied.

* The flow rate scan of protein samples suggests that at low flow rates the protein molecules follow charged residue model of ionization mechanism, and at high
flow rates—due to structural changes in protein molecules in large ESI droplets—the charged residue and chain ejection models can possibly co-exist.

Experimental section Results
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=l Determining mass-to-concentration sensitivity regime thresholds for a low-molecular-weight analyte based on the flow-rate scan data sets.
T Sample: different concentrations of acetaminophen in 50% (v/v) ethanol in water spiked with acetic acid (0.05% (v/v). Selected reaction monitoring mode m/z 152—110.
[E—]

—
[l L ——=Ll |

Peristaltic
pump

Cytochrome ¢ Ubiquitin

10.5 10.0 -
10.0 - W
9.0 -
. N® 9.5 — | o :
Electronic scheme e 8.0 -
To PC 9.0 - e /—ha
— 100 mM 1 /
I — 300 mM
tri I\cll.rsport " 8.5 . : . : . : . : 7.0 ' : ' : ' : ' :
g9 TP%_J Relay 0 200 400 600 800 0 200 400 6001 800
Pin 11 NTV\‘I] —_ Flow rate / uL min™ Flow rate / uL min’
. 100FT 5 BskO . o The influence of sample flow rate on protein charge state distribution in the
V. | |) 1 © c presence of ammonium acetate. Sample: 5 uM protein in 25% (v/v) methanol in
3 Wl oodooos g —  Wwater containing different concentrations (0 to 300 mM) of ammonium acetate.
) 90 oTooooo15/ = g Weigthed average charge state of protein, z,, = 2(z/.)/2l., where, I is the intensity
%g _ lo_g Portof 3 ~  of a given charge state z, (q = charge state number) at sample flow rate F.
: ;}7\,; 5 0
® I 3
A\V/
= 1] Explanation
C: common; NC: normally closed; NO: normally open; PC: personal computer c 3 ------------------------------------------------- l-)-—--l---t --------------------
i Drying gas (400°C) esolvation ;
Program flowchart’ o = 12 | line(250°C)
1 S 110 i g
@ : 8 3 %E $ . "_"_:I-+++++_|; ++++++'_|'i_ -I._|.++ + E 5 % +++ E
1 —— +[ 75 S 1 25\ 1 1
’ g — . . _ , _ e 33" ‘ ‘\-\3??%5 i@@* £ ; e 4p % ; %
Start MS data acquisition Display time and > oD 40 400 800 H 40 400 800 o = Iy N ] i §+ ;
create a file, and signal intensity values =M 00 <10’ " 10° «10° &= o A SR & S N I W vl IQ:_;Ag* : .
start logging data iment/, BN YT . . £ ©: o A Ve s W Y ten e , + F g . ¥y
(time and signal intensity) _@ghout the experiment g4 = -7 — - ;—? %:E 1+ ?}% +E t’+ %#ﬂ*_\fﬁﬁ : _Zﬁi_'_ ﬁ:-"% I %"'g {%@\M E m/z
Inject sample at a i ¥
constant I:IOW rate —@Iay pump status (orD 4 L 1 R GCEEECEEEE L R EEEE L e memmmet e il e _
(~40 uL min”) for 1 min Influence of sample flow rate in protein ESI-MS. The increased concentration

of additives combined with the temperature effect during the evaporation of

0 S

0 = : droplets can cause structural changes to the protein molecules, that leads
Increase sample flow rate 40 400 800 40 1 460 800 to the observation of altered charge state patterns.
Save result file @);sz:r::it;@ FIOW rate I ML mln- . -
Is it 8 min? (raw,.filterec!, sn-wothed 9 -5 el —F —8 9 10 Se I GCted p u bl Icatl O ns
(e endfrsl deriverive &2 -1 =12 13 L L 1. Prabhu G.R.D., Witek H.A.*, Urban P.L.* Sensor. Actuat., B-Chem., 2019, 282
H : Are the —qg}  weccooor m/Z 59 (—) """" m/z 61 (_) 992'998 ’ ’ ’ ’ ’ ’
ey o N SIS Ao Bl ) 2. Prabhu G.R.D., Yang T-H., Hsu C.-Y., Shih C.-P., Chang C.-M., Liao P-H.,

Stop pump and value? Dependencies of charge state ion currents on flow rate in the presence of four Ni H.-T., Urban P.L.* Nat. Protoc., 2020, 15, 925-990.
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Create result file,
Apply median filter to
remove noise from data
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Apply Savitzky-Golay filter
to smoothen data
and obtain its first derivative,
then normalize data

at the proximity of ‘0’ R, Sample: 5 uM protein in 25% (v/v) methanol in water with 10 mM ammonium

< ) acetate (A,E); ammonium bicarbonate (B,F); ammonium formate (C,G); and
piperidine (D,H). Solid lines represent charge states: positive mode (A-C,E-G);
negative mode (D,H). Dotted lines represent m/z 59 (-) — [CH,COQOT’; dashed lines
represent m/z 61 (-) — [HCO,]"; dashed-dotted lines represent
m/z 91 (-) — [(HCOOH), — HJ; and dashed double dotted lines represent
m/z 86 (+) — [(CH,).NH + HJ".
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