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R before and after
1% DME HOCI =
@2 dat 37 °C."OH =
re added at room
e and the miture
1  the misture was it (WL and 750 nm
— BRI (Saccharomyces cerevisiae) B—HRIMIRFAZE v
. s o
- 0, BFEGEN—, TECA. BEENSFENSHR Q STV
i PR . i A RiEE e added to MMSIR Joaded porcine
- I TR i T neutrophil, we observed that neutrophils engulfed aymosan particles,
[ ] =S|, AEEaE, SEREITEESRA T followed by enhancement of the fluonescence signal inside the
THESEENANE i, REEStRRTEEEN. BE cosomes (Figure 3 and supporting movie). During the imaging
= of Phygocytosis, little fluorescence increase due to excitation laser-
BENEEEENEE TR, inuceWgutonidation could be seen, and there was o observed
decrease Wyghe fiuorescence signal due to photobleaching afer
————— completion h.\wn'(mh Thus, MMSR is extremely effective
= for detecting HONJ generation during phagocytosis and should be
B suitable for practic :
We net asesed Nl of our probe o vislize HOCIin 3
, oot ol g e gh
b he nrstronk for efficent in vivo imaging, we prepared the mo
A ‘M“”m, erivative wsMMSIR, h)\mg ‘Hlil-‘\}"‘\ﬂk dicarboy
—_— iR (2405}
. =
@ © m was 1 order of L
the visible light- ina \ni ‘markedly after PMA injection, and strong ﬂmm.»cmm.
emitting O-rhodamine (Figure 81, 81), which cleary indicates the s observed at 60 min (Figure 4). [n contrast, control, unstimur
Ox for in vivo use lated mice that were Lp. injected with the probe followed by safine
sitivity and selectivity of MMSIR for rificant Buorescence:
HOC! aver other ROS (Figure 2), Although MMSIR was scarcely applicable for not
fuorescent before detection of HOC), when it reacted with HOC, a
large and inmediace increase of fuarescence nten T summary, we have designed and synthesized a novel fr-red to
\‘m'\s?\‘l‘h '\"m-'w'”("" hly fluorescent SMSIR (4 V\\R!‘umr\.fm?p)Mn MMSR, based on Si-thodamine. MMSIiR
os2/e70 31,in PRS), and the Tuorescence sively detect HOC] i real time, and MMSIR
mtwmmhwn entration of HOCL In |r||| its oxidized product SMSIR have excellent properties for
contrast, other ROS ("OH, OF NO, H,0,) produced bioloy tions. inchidine pH-indenendence and tolerance
3 almost no fluorescence inrease, Thy wtobehighy 1o auton
» < and. selective for the detection of HOCL In addition, we o Wi e . N 1 [ 2 ) 2 A e — + @

examined the fluorescence response of MMSIR in the xofa
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Figure 2. (Left) Fluorescence spectra of § /2 MMSIR before and after

reacton with varous ROS in PBS at pH 7.4, contning 015 DMF. HO

NaOC (final $ M) was acded and the mixture was sired at 37 °C."OH =

ferous perchlorate (500 /M) and H,0, (1 mM) were added at room

temperature, ONOO = ONOO (fnal § 4M) was added and the mizture
0, (

0 min

60 min

FL)

was stirred at 37°C. 0, =KO,
stirred at 37 °C for 30 min. H,0, 2 (100 20M) was added and the
miursvasstreda 37°Cfor 30 min. ™NO = NOC7 (5 M) s added
and the mixture was sirred at 37 °C for 30 min. BG = back

Figur.

o ol it o 8} 1 fapw pesanits modl mouse
dPM i ;

stimulat ht). 501

Jineand,

e o 620 . (Right) Aborbae and orecnce specs of
MMSIR before and aftr reaction with HOCI (0 to § 1M). Inset shows a
Jinear esponse of luorescence to the concentration of HOC

2zymosan | [ porcine neutrophil |

Figure 3. Fuorsence microscopic imaging of phngecylom of opso-
1

traperitoneal ages
‘min after PMA injection. Representative data are shown (n = 3).

from Saccharomyces cervsae was added to MMSiRiloaded porcine
neutrophils,
followed by enhancement of the fluorescence signal inside the
‘phagosomes (Figure 3 and supporting movie). During the imaging
of phagacytosis, lttle fluorescence increase due to excitation laser-
induced autoridation could be scen, and there was no observed
decrease of the fluorescence signal due to photobleaching after
completion of phagocytosis. Thus, MMSIR is extremely effective
for detecting HOCI generation during phagocytosis and should be
suitable for practical use in vitro.

We next assessed the abilty of our probe to visualize HOClin a

& el ,

L Opsonized
zymosan pamdg i Tocated nar the neutrophil (0 ). The neatrophil
engolfs the zymosan (30 s). Phagosytosis is complete (90 s). HOCI
generated in the phagosome was detected with MMSIR (240).

O A video of this imaging is available.

for efficient in vivo imaging, we prepared the more hydrophilic
derivative wsMMSIR, bearing hydrophilic dicarboxylic acid struc-
ture. CS7BL/G mice were given an ip. njection of zymosan to
induce neutrophils to invade the penwneﬂ cavity. > After 4 b, the

38, REMMSIREZEHIRUHO

BIhHOCIERASIAPIRL (R, L3R, [
CS7BL/6/NEBERE N BRSSPt
HIABIRR, FEEESIwWsMMSIRFD
PMA, £RER, PMAEHEHEARSE

TENEE, C0DHIITRE; TXIRE
(RAIMA) EFHRHETRET S ©
38, RBRHAIERNERIN

Hodl,

© RIFRfESS: HEECATIEREIHIO-
rhodaminei®ét, Si-rhodaminefREHE
NIRRT ESRERR T 11
HEE, BRHEIEERRERPAE
3

G memm3 3

G re

& mz 2

the abde L Then,

abdomen of mice after intraperitoneal administration was 1 order of
‘magnitude greater with the Si-shodamine than with the visible light-
emitting O-thodamine (Figure 1, SI), which clearly indicates the
superiority of MMSIR over HySOx for n vivo use.

Next, we examined the sensitvity and selectivity of MMSIR for
HOCI over other ROS (Figure 2). Although MMSIR was scarcely
fluorescent before detection of HOCI, when it reacted with HOCL, a
large and immediste increase of fuorescence intensity was observed,

Emy=

A
652/670 nm, £ = 12 x 10°, g =031, in PBS), and.

the mice were injected ip. with mmsuz, and § min later, PMA
was ip. injected. The fuorescence measured at the abdomen
increased mmrk:dly after PMA injection, and strong fluorescence
was observed at 60 min (Figure 4). In contrast, control, unstimu-
lated mice that were ip. injected with the probe followed by saline
only (no zymosan or PMA) showed no significant fluorescence
enhancement. Thus, our farred to NIR probe is applicable for not
only in vitro imaging but also in vivo imaging

In summary, we have designed and synthesized a novel far-red to
NIR fluorescence probe, MMSIR, based on Sithodamine. MMSIR

fHOCLIn

contrast other ROS (*OH, ONOO", 0,™, "NO, H,0,) produced

B

no fluorescence increase. Thus
¢ and selective for the detecti >
—erated the fluorescence response o1 ..

HOCl n real ti
and its oxidized product SMSIR have excellent properties for

hiolavical annlications. including pH-indenendence and tolerance

a7 @

3 IECERER 100% [
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excelient HOCI probe maiima in egion. Hawever, it is wel established that
probes operating in the far-red to il (NIR) region have many advantages for biolagical appications, incuding
ow phototonicity, low autofuorescence, and good tissue penctration 20 Therefare, we

examined whether the HOCI detection mechanism used in HySOx Le, release from the spiro-cyclized form by exidatior
of the S atom wauld alsa be applicable to Si-hodarmine, 21,22 which has ts absorption and emissian maxima at ar
650 nm, while retaining the other excelent characteristizs af thodamine. For this purpose, we designed and synth
MMSR (Figure 1) as a novel far-red to NIR-emitting HOCH-sensitive fluorescence probe, by
reacting buty! ghlhane

a
in (si), and
MMSIR emits in the far-red to NIR

region after reaction with HOCL Further, in a preliminary experiment to confirm the superior imagin
far-red to NIR-emitting probe, we faund that relative fluorescence detected at the
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Figure 1. Polymer

- appluations: "

Nowadays, pelymer eomposites are being used more commonly in the development of
chemical sensors [10-13]. Chemical sansors have gained significant attention in the various

areas of public safety, such as in the miltary [14], space exploration [15], biomedicine [16],
pharmaceuticais [17), leakage detection of explosive gases such as hydrogen [16], and

realtime detection of loxic and carcinogenic gases in various industries [19,20], as well as
chemical warfare agenis [21,22]. particularly at public venues such as airports and public

parks. These chemical sensars are iypically insialled both indoors and outdoors, as well as
used as portable devices to be brought into areas where the target analytes are suspected
or spilled. The need for more accurate and sensitive chemical sensors has driven research
and cevelopment of these sensors with the use of polymers and composites now being
aiven more emphasis most likely due 1o the remarkable sensor performance resultng
from their use. This improved sensor performance is increased sensitivity in the parts
| per milion (ppm) to bilion (ppb) range for trace level detection, absolule discrimination, |
and the sensors now becoming bio-based, reproducible. biocompatibie, with the ability to

operate at mild operational

having low power consumption.  of & reasonable

size, volume and mass, and vath low cost for large-scale appiicabons (23,24] However,
the development of the ideal chemical sensor is stil far from realisation in spite of the
enomous advances over the past few decades.

Recenlly, as various material science fiekds have expanded, there has been a surge

in interest in further improving dependable graphene composite chemical sensors. In-

tarestingly

nanomalerials are being actively investigaled in the ongoing development of

composites for chemical sensors. This is because of these nanomaterials having extraordi-
nary physicochemical properties that are absent in their bulk form [25,26]. Hence, over the
st ew docaces, panomeerats have boe, achely ivesigued and en sppled 83 coe

ts of

mposites can be derived from plant- buwd nanomaterials, amang which is nanocel
\u\nse which has afiracted significant attention as potential replacements for their mare

Bates 5

[P]

PowerPoint

2.2 £id B

REAMN TR rEICER,

conventional petroleum-derived  counterparts for

use in chemical sensing applications.

The current trend seen in pubiications related 1o this area show an extensive increase over
this past decade. This is ilustrated by a survey usi

“nanoceilulose comg
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Polymers 2022, 14, 4461 To(30
Q 2 #em e “
B T{F.xlsx canventional petrol 4 al ® @ al sensing applications. ]
B The current trend s exiensive increase over
this past decade. " nolar using the keyword
A T xlsx “nanocellulose comy . o0 oo @ Figure 2. Nanocellulose
possesses several — ewable resource, having
@ P a large specific sui B8 :_ 00% ~  npatible and with unique
Lt structural and phys lectrical properiies which
TR xisx make it an ideal Maverar 10T USE I GREMICAT SENSOrS [19]: Mowever, since the natural hy-
. e 3 drophilic property of is not ible with the ic nature of some
sensing molscules, the development of suitable composites using surface functionalization
p— on the nanocellulose is required to enable the needed sensor component compatibilty.
4500
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Figure 2. Total number of publications related to nanocellulose chemical sensors,
Nanocellulose composites are usually prepared by functionalizing them with a va-
[ o risty of conducting polymers such as polypyrrole w6 A v 2w - o+ @
@34 oxythi (PEDOT) [ = :
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Figure 3. Fluoresence microscopic imaging of phagocytosis of opso-

nized eymosan by 1 M MMSikloaded porcine neatrophi. Opsonized
ymosan partice is located neat the neutrophil (0 ). The neutrophil
englfs the zymosan (30 5). Phagosytoss s complete (90 ). HOCI
sencrated n the phagosome was detcted with MMSIR (240 5).

A video o this imaging i avaisbe

phagosomes (Figure 3 and supporting movi). During the imaging.

due to photobleaching after
‘completion of phagocytosis. Thus, MMSIR is extremely effetive
for detecting HOCI generation during phagocytosis and should be
suitable for practcal use in vitro.
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HOCI over other ROS (Figure 2). Although MMSIR was scarcely
fluorescent before detection of HOC when it reacted with HOCL,

the mice were injected ip. with wsMMSIR, and $ min lter, PMA-
was ip. injected. The fluorescence measured at the shdomen
increased markedly afier PMA injection, and strong fluorescence
was observed at 60 min (Figure 4). In contrast, control, unstimu-
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eactive oxygen species (ROS) and reactive nitrogen species
(RNS) mediate a wide variety of biological events.! Among
708, hypochlorous acid (HOCI), which is produced mainly in

xcytes (including neutrophils,
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TLDR: it is found that Liama 3 delivers comparable quality to leading language models such as GPT-4 on a plethora of
tasks, and performs competitively with the state-of-the-art on image, video, and speech recognition tasks.
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A: Open and Efficient Foundation Language Models

TLDR: LLaMA, a collection of foundation language models ranging from 78 to 658 parameters, is introduced and it s
shown that it is possible to train state-of -the-art models using publicly available datasets exclusively, without
resorting to proprietary and inaccessible datasets.
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Itis found that Llama 3 delivers comparable quality to leading language models such as GPT-4 on a plethora of tasks, and performs competitively
with the state-of-the-art on image, video, and speech recognition tasks.
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Modern artificial intelligence (Al) systems are pawered by foundation models. This paper presents a new set of foundation models, called Llama
3. Itis a herd of language models that natively support multilinguality, coding, reasoning, and tool usage. Our largest model is a dense
Transformer with 4058 parameters and a context window of up to 128K tokens. This paper presents an extensive empirical evaluation of Llama 3.
We find that Liama 3 delivers comparable quality to leading language models such as GPT-4 on a plethora of tasks. We publicly release Llama 3,
including pre-trained and post-trained versions of the 4058 parameter language model and our Llama Guard 3 model for input and output
safety, The paper also presents the results of experiments in which we integrate image, video, and speech capabilities into Llama 3 via a
compasitional approach. We observe this approach performs competitively with the state-of-the-art on image, video, and speech recognition
tasks. The resulting models are not yet being broadly released as they are still under development.
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