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Abstract

(PPI)
recognition is a crucial task in biomedical
literature mining. In recent years, pre-
trained Large Language Models (LLMs)
with general knowledge have been widely
applied to wvarious natural language
processing tasks due to their ability to
quickly adapt to downstream tasks through
prompting. This study proposes Sentence
Reduction and Few-Shot methods through
Prompt Engineering to guide five LLMs in
PPI recognition and evaluates their
performance. The results show that our
approach can effectively enhance LLM
performance, achieving F1-Scores above
0.8 on three datasets, outperforming
traditional methods. The study also reveals
the significant impact of different
prompting strategies and few-shot learning
on improving accuracy.

Protein-Protein  Interaction

74

MaET AT AT
3 Fé@ N ")’[Ci'ij\%‘fagi

Keywords: Large Language Model, Text Mining,
Prompt Engineering, Sentence Reduction, Few-Shot
Learning

B S RF TER

1 Introduction

SRAFFEELAREY F D T ORE
%ﬁ%@$£’ﬁ§vﬁﬁgkipf$%’
HAFHRELG LR %4 % & (N.-W. Chang
2020) - K@ oo G FHRAeAOTHRE
f&ﬁa&%g»A§44a%@u%£§
BFEA T EEY R RE T AT

(Natural Language Processing » NLP) it 4
FEYRERG L4 F k0 blefis v g
/P-4 FHE A3 (¥*%  (Warikoo, Chang,
and Ma 2022) > H ¢ F-d F 2 3 i #
( Protein-Protein Interaction » PP1) 343k » &
A FEL O ATERA - Rom LR i
BEREAELRATN o P BA] IR
ékrﬂ:4#¢#%&vﬁixﬁm&§
¥ (Liu and Guo 2019) - feizfiafd = 2
LEAFES oA Sl AR 2 e pE s 2
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*3pR (Lietal 2021) o @ i7# k%A% 3
#-7%] (Large Language Model » LLM ) & 4=
(Minaee et al. 2024) » % R 2 L FRE Y 0
&% (Du et al. 2024; Wolf et al. 2020) - P
F i dEd %38 %P1 2 (Prompt Engineering )
E 3+ i Prompt (Schulhoffetal. 2024) #%
A LIM 8 % 5t 4 (Chenetal. 2023)
TEAT IR RS ¢ & NLP AR F R L
41#* (Deng etal. 2022)
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#1315 i Prompt Engineering 5 B3# 7 =
R Prompt PR A 0 A WG (1)
Sentence Reduction : 1 & & 7 # "ﬁ% Pl LA
AL EEBEe S s B RER R
R NI R ERS R &S E
o+ 2 4 (Jing and McKeown 2000) - &:iE
iy je = AP REAMER L R o RS
s Ee o FREFRL (Nguyen et al
2004; Feng et al. 2023) - 4% 3
LLM % 3 Sentence Reduction #
B3 ;5 (2) Few-Shot Learning : i i #% i
R BT AR M e B 0 Fat LLM i A
Fyijptandr §8E (Brown et al.
2020) - :ff;, HOLLM it 4g LM rgs 27 T 5P
7 T4+ 5 (3) One-Stage 2 Two-Stage
Prompting : A ** #v it & & > /£ > One-Stage
Prompting 3 v *t 3% 7 ¢ A & 7 Sentence
Reduction £ #%3% PPl it Bz~ T 4% > @
Two-Stage Prompting % v P #-i& 5 B T j+4 B
2 FE o BE P2 E > AP R
2115 /& Prompt > T8 * T B R 5 A Fon B
B LLM % = 2 FH B FHES il R

s N |F5
T %4 &2 PPL 4p

2 Related Work

21 LLM & PPl #gsizizt e @

7 iiﬁﬁfshﬂz‘fefr TLLM &2 FH 2
AEW Y A o Park % 4 (2023) # LLM
f,@;?* PPl ¥ iZ 4t 217 2o o715 » 2

¥ #* 5B LLM 7 STRING ﬁi#‘;;ig = PPI

FEH o B PR A F I T4 - 8 K LLM
42X TZFe Y ok o4 (PPITaskl) >
¥4 LLM "J‘u’?ﬁ i 30 %ﬁ'{@ I 1._7]‘5? i®
(PPI Task2) ° { PPI Taskl ® - # % ﬁ,
3| LLM M 3t {35 38 T ivd [ ehy 4# £
G\#El B 3-o B LA B3R LLM $H4p 02 & fE 3
6 OB A AEIER 0 A AR I 2 ﬁ;‘rﬁ}ﬁ W
Pl # g £ o ¥3% PPI Task2 > # 3 —‘V 3 ipiE
Heh T firiicdy F 3= LLM 2 903F & “‘ #Z D
B d-v FEEF PPL a4 > Rkl
LLM # PPI Task2 ¥ £ 0.5-0.984 7 F1-Score °
P LLM fez ~ e e o

473t LLM 7 PPl #%3F 737 g #
(Rehana et al., n.d.) ) %A Y} W B BERT
#.7) A PPl &% ix 73 7 mrs »eie (A LLLE
B ¥ £ 0.868 c7F1-Score) » » E 7 7 GPT #-

"}Q} LS | \

)
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Jrﬁ-l“ v A ¢ 5 sk s PPl e
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Jonnalagadda {= Gonzalez (2009) ™ % -

% % bioSimplify e+ ffit1 2 » 31 E A
SERAMAE T BLRAT Bk
R L’%*‘%E’ér] r’ff“ L’%%ﬁ' LEERE A
ARG e+ AR AFERY B
& £ bioSimplify £2 PIE /s %t (Kim etal. 2008 )
f L A& PPI “"‘;%#._ LRk PR,
T H % (Recall) #% % 7 8% Fl1-
Score ¥+ % 3 BF ~ 2> A H i ET &
2 PPI 44 B~ & Shefviin o

Sentence Reduction #& % PPI 2% 25
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® F¢ £~ Prompt Engineering * - & 2 3 14
Sentence Reduction ~ PPI Extraction ~ Few-Shot
Learning s B - k772 e e Prompt o

I 3= B4 ¢ Prompt & 3 — =X ¥ % Sentence
Reduction % PPl Extraction 7 One-Stage
Prompting > ¥ 4 %] * & =t Prompt & f = =
it 38 1x 321 Two-Stage Prompting ° 5 %7 *
< $% 4 ¢ prompting > = A F s i 14 LLM &
B~PPLeiic 4 » $Efed b vk > AT FEY T
B OE * LLM 2 7R 0 ¢ 7 Google
Gemini Pro ( Gemini Team et al. 2024 ) > Meta
Llama2 (Touvron et al. 2023, 2) - Anthropic
Claude3 Sonnet (Caruccio et al. 2024) -
OpenAl ChatGPT3.5 » 14 %2 OpenAl ChatGPT4 -
(Budzianowski and WVuli¢ 2019; Floridi and
Chiriatti 2020; Kalyan 2024; OpenAl et al. 2024;
Wu et al. 2023) > % LLM il 1 7R
BRI o T R S HR R S
P B (7P o
3.1 Dataset

AT EHEY Z B APPIAATAIE Y BiLi@®
1 %}iii : LLL (Learning Language in Logic )
(Nédellec and Nedellec,n.d.) ~ IEPA (Ding et
al.2002) ~ HPRD50 (Perietal.2004) o i&it
LA 23 G 3R PPLyRR ik i i
1}%% (Y.-C. Chang et al. 2016) o LLL 33 E
B 2005 £ LA E 0 HpPFARGER
Medline #dx B ¥ 2 4 & < }?c:fﬁ £
Remi e 5 269 Bod Bk e 5 6
e+ o IEPAFF#Ed 303 f; PubMed 4 & =
Fo PR E LT 68l BaF S RIEES R
136 i » + - HPRD50 3 #L B shzd f#%*ﬁ
Human Protein Reference Database > # 7 f + JE
PREISIEDRT S0 RAER B 7 363 B
A3 RIEEE FTOBAT o
3.2 Replacement of Protein Name

Bt AP E R E Y & Rk
’%ﬁ' f—»?fﬁ—ﬁ%—;_;l MHE B SFP NES B R
¥ & &4k~ w F# 5 PROTEIND e
PROTEIN2%E——§§ o FRm ’ﬁ o3 ZAES Bk

PERAT BT R AT LR
feiE - k)L (v &4 > 40 MOLECULE ~
MATERIAL ~ SUBSTANCE ~ PARTICLE -~
INGREDIENT % i& 7 %3 > 11 3% 93 3 &
S RERCH b T W LLM g =

76

ARA SECPR G e 7 5B B e
AF e F s AFE TR e
2 ERRFER - RAso TR AL S B
w0 & B %4 e + ¢ PROTEINI Ar
PROTEIN2 4 #7 % 4 e 3o ﬁﬁ%ﬁgﬁﬁ%z
oo BEEA 2R HFRIIF- F8
e}égﬁiﬁm%Lifm?oaaﬁ%
%ﬂ’éeﬁ@ﬁﬂmta%W%éama

WA (5 30 &Y RIRET ROk AR o
(3 F‘*‘JE@ - ABLs ﬁj‘r: °

3.3 Prompt Engineering

Instruction

Please, act as an English teacher and simplify the provided sentences.
And from the perspective of an English teacher, determine whether

"PROTEINI" and "PROTEIN2" have protein-protein interactions.
bdst, on the descriptions from the simplified sentences. Make the

ding to the following rules, with each rule being

equally important:
« Answer with only 'yes' or 'no'; if uncertain, answer 'no’.
«  The basis for the possible interaction between PROTEIN1 and

PROTEIN2 or other terms is usually expressed through specific
verbs. If there are no key verbs between PROTEINI and
PROTEIN2 or if there are key verbs associated with other terms,
then PROTEIN1 and PROTEIN2 do not have an interaction

relationship.
«+ Actions such as inhibition, regulation, mggenng recngnmon
binding etc are idered as protein-protein

« Utilize grammatical relal|onsh|p> to extract key information from
the sentences and produce a shortened sentence. For example,
“PROTEINI inhibits SUBSTANCE, and MOLECULE interacts
with PROTEIN2.”

K Shot

Examplel:

The OBJECT promoter, like the MOLECULE_A promoter, is
believed to be recognized by MOLECULE_B RNA polymerase,
suggesting that PROTEIN1 may inhibit PROTEIN2 activity late
in sporulation.

ANSWERI:

The shortened sentence is: PROTEINI may inhibit PROTEIN2.
A ding to the sk " Yes”, PROTEIN1 has
lnluracllon with PROTEIN2.

Example2:...

Answer2:...

Query
QUESTION: Condense the provided sentence by eliminating
details unrelated to protein-protein interactions. Ensure that the
"PROTEIN" name remains intact. Utilize the shortened
sentence to determine if there are protein interactions between
"PROTEIN1" and "PROTEIN2," and respond with either "Yes"
or "NU."

Present all answers in tabular form with columns 'PassagelD",
‘Simplified sentence' and "Yes/No".

SENTENCE:

LLL.d13.50

Production of MOLECULE about 1 h earlier than normal
does affect PROTEINI which when phosphorylated is an
activator of PROTEIN2 transcription.

Bl 2. Prompt & 3+ 2. #4%

B 2 &7 K e Prompt 1 & % fiiE o
A B IEIF R - B EIE S Sentence
Reduction > # 7 &+ @i ; %= B =0 &
PPI Extraction » & ji 3t j§ [,?e POk ¥R B
PPI o #% i 42k 25 cn Prompt fi-f5 & = = B84 »
¢ 7 Instruction 2 Few-shot Learning 14 % # 1
- BICA 1 Query :
1. Instruction : 4- ] 2 = Instruction R
A Ersm 0 AP 4% Sivarajkumar & A
(2023) # ) & Heuristic Prompts £



o BEREN L - koladpil R
Al 31 LLM = & iT5% o

2. Few-shot Learning : 4r ] 2 57 K Shot
XL AT o N Al R A iR ¢
# & j&_Training Data 34 B~ 1} &k &

1~20 i B % vl s LM # 7 i
i’l‘rﬁ%jﬁ y ©

3. Query : % gt 20 e » g £ R K
LLM 17 = =358 w % (Yes/No) >
EASSVE R TEEEE S A SRR
RO LA 3o 3~ s T s
LLM # {7 iz 7% o

3.4 Sentence Reduction

5L LLM 4k e 3 ¢ 3 5 L Tt
&4 0 A7 #HIE* Sentence Reduction 7
S EH LM i AN LR AW T2
B FARM NS R E NI H R NP R

BB A BERL ha T o i #

I EE RS SR L S
30 Z AR

e The essential information to be extracted
pertains to the mutual interactions among
PROTEIN1, PROTEIN2, MOLECULE,
SUBSTANCE, ELEMENT, FACTOR,
and MATERIAL. Information regarding
interactions between any of the above
items should be retained.

e Utilize grammatical relationships to
extract key information from the
Sentences and produce a shortened
Sentence. For example, “PROTEINI1
inhibits SUBSTANCE, and MOLECULE

e Actions such as inhibition, regulation,
triggering, recognition, binding etc are
considered as protein-protein interactions.

3.5 PPl Extraction

4#-4+ PPI Extraction iz 3% » s fprdg vy ™
HFP) :

e Answer with only 'yes' or 'no'; if uncertain,
answer 'no'. Each sentence is independent;
please make judgments only on the
'PROTEIN1" and 'PROTEIN2' from each
sentence.

e If there is no direct interaction between
"PROTEIN1" and "PROTEIN2" but they
interact with MOLECULE,
SUBSTANCE, ELEMENT, FACTOR,
and MATERIAL, the answer is 'no,' as the
focus is solely on the interaction between
"PROTEIN1" and "PROTEIN2" in the
sentence.

e The basis for the possible interaction
between PROTEIN1 and PROTEIN2 or
other terms is usually expressed through
specific verbs. If there are no key verbs
between PROTEIN1 and PROTEIN2 or
if there are key verbs associated with
other terms, then PROTEINI1 and
PROTEIN2 do not have an interaction.

e Actions such as inhibition, regulation,
triggering, recognition, binding etc are
considered as protein-protein interactions.

3.6 One-Stage Prompting and Two-Stage

Prompting
T HAF RIS 2 S B E S

interacts with PROTEIN2.” 7 02t LLM # {7 3% chic 4 (Schulhoff
Prompt Method Sentence K shot for SR PPI K shot for PE
Reduction Extraction
P t T - K=0-~1-3-
rompt Type One Sta'ige N N v
I Prompting 10 ~ 20
Prompt Type One-Stage v K=0-~1-3- v K=0-1-3-
il Prompting 10 ~ 20 10 ~ 20
P t T - K=0-1-3~
rompt Type Two Stgge v K=3 Y
il Prompting 10 ~ 20

4 LA 5 9 sk eh Prompt 3 S /848 ¢

YfeNA&s &5 & @@* b g~ KShot #f =27 #cF 5

Few-Shot s ] i #czk % ~ Method B 5 & * ¥ #% - SR & % Sentence Reduction - PE it £ PPI Extraction
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etal. 2024) > AP EFFFHK T A BT e

W v One-Stage Prompting fr Two-Stage
Prompting > i& % & K v (hi & F W &30 T 5%

R HGHE o B 2 “TE 7 Prompt it One-

Stage Prompting » H #- Sentence Reduction %

PPI Extraction = i iZ7+% & % — & Prompt %

{7 = f+ > @ Two-Stage Prompting P'| #-[] 2 47

f2= 3 B prompt; £ i& {7 Sentence Reduction

FLLM @St seno 3 15 o R 5EE - B
7P

s
Prompt #ff§ i* 72 i& Extraction °

PI

3.7 Few-Shot Learning
f 2 3+ Prompt ¥ - AF %3 # * Few-Shot

Learning > j&_Training Data ¥ if B~ T j= b iF
Z KShot) A% % 2 Feh K ENNIFER7 F
Shot # B % LLM § ¥ »c% chi 8 - 4 | B
1 AF R K3 ehPrompt #85F 0 Prompt Typel &
7 7 Sentence Reduction ¥ Few-Shot Learning

1 baseline * /2 » Prompt Type I 5 One-Stage
Prompting © % Sentence Reduction £ PPI

Extraction %% K & 7 K=1~3~10~20z f&
B @ % b iREFES ﬁ,ﬁ?mK & - %k o Prompt
Type III Two-Stage Prompting > Sentence
Reduction e K-Shot 3% #_5 K=3 > F]H jp st
Hv iz (1,10, 20) # 2 % & & - PPI
Extraction 72K % F[£ Prompt Type I 4p f& o 42

Y
=

%4

-

o % K=IpF J& i&— i Positive ]+ o

o % K=3p > &ita [ Positive |+ %
- 1 Negative &]+

e 5 K=10# 20 p¥ > Positive {= Negative

NS 3

3.8 Zero-Shot Learning
"0 ke K Shot ik vk o St f g

Zero-Shot Learning ; iz B > /2 ¢ LLM

X it Eitag Prompt (R & 72 B 2 ¢ &
Instruction ¥2 Query e384 ) » @ % { LT @

5

§° &) o d 3> Zero-Shot Learning
B R AR OB 0 e LLM 3 B E ik en
Foif o 22 LA kg LLM B G o

(Radford et al., nd.) » F]pt g2k » Ao
%ﬁ d  Zero-Shot Learning £7 % & Sentence

Reduction # Few-Shot Learning 77 Prompt ** #& »
B fEA I LLM $3% PPl 7% A& £ 32 f2 47
A& > I 4531 Few-Shot Learning & & er:g# tg & o
% 1 @ & Prompt Type I 3% @_PPI Extraction 7
K=0 % % Zero-Shot Learning °

3.9

#F1 3 $* Precision ~ Recall 2 F1-Score 4p #
R RS R o

Evaluation

$% Brown % % (2020) # 3] LLM ¢ %] & ,
K i Precision = the number of correctly recognized PPI (1)
Prompt 4 :': lfL‘hlZP :% -ﬁ’i w mﬂ"‘ ﬁg« m é. :‘4_ A - the number of recognized PPI
f; v 1& LLM ’&_}lj %E’Eﬁ)}: i fﬁb L) PI‘Ol'l’lpt ’f:): Recall = the number correctly recognized PPI (2)
'é"‘ 4,;}; V«JJ J,;' }.%’7; 7 % f}rl] v Positive ,fr. Negative l',’vlJ ) the number of Actual PPI
. P \ P PR ) P 5 . PrecisionxRecall
L fE s T T R Ee bt B F1—Score =2 X ——— 3
fg‘ - #J ~ f ! J ?7 Precision+Recall ( )
A LLL
1
0.84
0.8 | 0.708 0.758 0.794 0.8 0.745 0.742
% 06 | oses 0.634 0.666 0‘6860_504 o566 0 6410.543 osns 0.65 0.603 0.654 o 0.693 .58
W 04 0.378 0s 0.4 .
B 0.2 0.193 - 0125 .o ‘“8'0064 l
0 SN SN SN NN L SN SN SN NN S _— _— —_—
0 shot 1 shot 3 shot
K Shot
B
0.8 0.741
% 0.6 + 0.549 Firn 0.540 0603 0.575 Fem 05615 0.56 A
(i) 04 | 0.448 0.465 PO
S0z | 0.125 0.125
0
10 shot 20 shot
GPT3.5(Prompt Type I) K Shot GPT4(Prompt Type 1)
Gemini(Prompt Type I) Llama2(Prompt Type I)
Claude 3 Sonnet(Prompt Type I) = GPT3.5(Prompt Type II)
= GPT4(Prompt Type IT) Gemini(Prompt Type II)
® Llama2(Prompt Tvpe II) = Claude 3 Sonnet(Prompt Type II)
B 3.5/ LLM & LLL FH Eaplid s » 5 3 X % AT 10 = #icdy - 28 5 = 5 Prompt Type
I %% +#5%2% Prompt Type I % 5% > F1-Score %/ BR 5% ® hi g A A W ES ~ 2d 2 34
A0 A5 K013 5% > B 2 K210~ 20 cipliE i %
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A IEPA
1
0.712 6 0.783 0, 0.731 0.813 0 735 78
208 Foeee 0680 620 067 0.08 0721 7% 67 008 66t 0,675 0678 64 50 71658714 0717
Eos | ! " 0.601 0.575
30.
0.4 =5 0.347
0 shot 1 shot 3 shot
B K Shot
1
08 0.757 0.793 0.742 0.78 0.74 0.754
Zoe | 0.642 0.638 faat 1 %:083 0 633 0.64 <o ) 0. wa
S0. 0.523 g5 0447
A .
04 0.297
02
0
10 shot 20 shot
K Shot
GPT3.5(Prompt Type 1) GPT4(Prompt Type I)
Gemini(Prompt Type 1) Llama2(Prompt Type 1)
Claude 3 Sonnet(Prompt Type I) W GPT3.5(Prompt Type 1I)
= GPT4(Prompt Type 1) Gemini(Prompt Type I1)
= Llama2(Prompt Type II) ® Claude 3 Sonnet(Prompt Type 1I)
Bl 4.5 LLM & IEPA R E cnplid e % > & B X #h% A H &3] 10 2dcdy > = 5 2 5 Prompt Type
1 5% > +#5%2% PromptType Il § % > F1-Score &5 B % ® chk g &2 A B EF ~ 2d 2 3%
T 0 A 7—.15 K=0-+1-3 m/?l vé“’—;‘:‘% » B % S K=10 ~ 20 m/H ﬁé‘.&fj%
HPRDS50
1
0.83 0.833 255 0.823
08 | 0651 0.744 0.638 0754 0.7450 770 0.742 0.6550.754~0.772 732 g6
6 .5 0.65 0.612 684
E,O.G L o531 0.6281 40,0584 0520541 0.628 0.5970-650.634 0.605 012 ss o6l
04
=02
0
0 shot 1 shot 3 shot
B K Shot
1
L 0.766 0,691 0.754 753 0.712 0.813
96’32 I 0.667 0.667 172 63 0.626 0-626 0.6880.653,619 068 0.6135 511 [0 00 06
20
204 +
=02
0
10 shot 20 shot
K Shot

GPT3.5(Prompt Type 1)
Gemini(Prompt Type I)
Claude 3 Sonnet(Prompt Type 1)
w GPT4(Prompt Type 1)
= Llama2(Prompt Type II)

M5 &% 54 LLM &
PromptType 1 #% > +# 5 &

t HPRD50 33 4L & cripl3d % % » & B X #h%] & H#H R
@ % Prompt Type II ¥ % > F1-Score %

GPT4(Prompt Type 1)
Llama2(Prompt Type I)

® GPT3.5(Prompt Type II)
Gemini(Prompt Type I1)

® Claude 3 Sonnet(Prompt Type 1I)

10 fwdedh > 28505
ARk b A A

N izd 23 HA AL K013 s % - B % K=10 -~ 20 miE'Jééi.;%%

4 Result and Discussion

4.1 Sentence Reduction ¥ LLM &%) PPl #1
BV ER
B335 5d% 17 Prompt Type I (&

Sentence Reduction) 4= Prompt Type I ( & *
One-Stage Prompting = Sentence Reduction) 4
B Az BPPIERE Y v F k2% o LLLF R
Boed B % 4B 3 #75F > Prompt Type II <7
F1-Score ¥ i & ** Prompt Type [ > &% i 0.84 »
@ Prompt Type I ehi % % 5 M3t 0.75 &~ 4
Sentence Reduction &t & ¥ # < #-7] & LLL 3%
A g R AT 000 2 0.5 2/ e

L e
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Bl 4 B7 7 IEPAFHEST S%RES - 150
etz > IEPA ¥ = BEREY F o Ti5E

B &£ ariil® (LLL - [EPA 2 HPRD50 =
R Rl B o+ T35 token B P A W] G

3431354 & 2573) > £ A F i
Prompt Type I =7 Fl-Score @ % *% Prompt

Typell » 5% & 1 4236 0.8 > g7 4 LLM &
WL LB g Eomydkn 4 0 R
Prompt Type Il 1% .7 e LLM % TR ;
SR Llama2 % ] » Prompt Type I % K=1
P F1-Score 7 0.68 » fr & K=3 p#38'% 3 0.064 -
B < o 4Bt 20T o Prompt Type I 0
Llama2 # A& T @dF & 055 M+ > g & &
B> L FEE 0.2 > % % Sentence Reduction 7

gﬁ( 34



Dataset LLL IEPA HPRD50
Model K* P R F K* P R F K* P R F
GPT3.5 K=0 0.531 0.566 0.548 K=10 0.636 0.750 0.688 K=3 0.640 0.690 0.666
GPT4 K=10 0.727 0.533 0.640 K=1 0.633 0.803 0.708 K=10 0.720 0.692 0.705
Gemini K=0 0.570 0.860 0.693 K=20 0.880 0.540 0.667 K=1 0.631 0.923 0.750
Llama2z K=10 0.750 0.300 0.429 K=0 0.500 0.642 0.562 K=3 0.471 0.961 0.632
C3S" K=20 0.880 0.733 0.800 K=0 0.910 0.750 0.823 K=3 0.790 0.730 0.760

% 2 A5 @
Precision ~ Recall ~

Prompt Type II %
F1-Score » % ¢ %

3 BEF
piaradF LLM &% f Kshot 22 FF efg T & o
B 5 2 HPRD50 } e i % » ’—"'"i"’ﬁ LLM %
w%ﬁ@im%mﬁ%ﬁaasui,fnw
BERE IR A BT L o 51 E

T f2iE- TR % 0 A4 HPRDSO 2Z 4L B ¢
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4.2 One-Stage Prompting £ Two-Stage

Prompting

% 2 T * Prompt Type Il (&* Two-
Stage Prompting v Sentence Reduction) % 5 f&
LIM 2 3 B#FE L E I ik R E % H
Claude 3 Sonnet %73 3F 4L ¢ 35517 & 3
F1-Scores : LLL % 0.8:IEPA % 0.823:
HPRD50 % 0.76 - ¥+* B]3 £ 5 ¥ Prompt Type
B e’ % ¥ 144 I One-Stage Prompting 7% LLL
v HPRD50 3% #L B * ¢4 3 ikt Two-Stage
Prompting - £ 487 % ° One-Stage Prompting %
LLL ~ IEPA 4= HPRD50 F » w]:iZ F]& % 0.84
0.786 {= 0.813 1 F1-Scores % & 4 7 Prompt
Type Il = C 8. F F1-Scores §F 5 #icdy % P

~
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In contrast to PROTEINI PROTEIN? did not
interact with the AF2 domain of MOLECULE.

# #8 Prompting i v% ir’aﬁ%l il R

PROTEIN1 PROTEIN2 did not interact with
MOLECULE

4 mfg it ¢

it & One-Stage Prompting F 2% ¥ E—"“J FE
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Ap 3 8% » @ { Two-Stage Prompting § 2% ¥
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By - B g £ 7 2 (4 One-Stage
Prompting ) #2-" { it 33 & LLM 3% 3% 4§ vt
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4.3  Few-Shot § t]#c £ % i «hf

dTF F AR S % kp 0 @ * Few-Shot &7
2§ b > Zero-Shot 773 % o 11 i¢ * Prompt
Type I 7= 2@ % > vt #75 LLM % Zero-
Shot 1 Fl-score # % 4 1 % 15 LLM $ *
Few-Shot e F1-score % 4 > ¥ 13 RIS &
LLL ~ IEPA ~ ¥2 HPRD50 %L B eruplig + & 4]
B 50% ~ 60% - 2 T0%:Hiedh (B 3~ B 4>

B 5) ° F#* Few-Shot Learning ¥ if{* LLM



Dataset LLL IEPA HPRD50
Method P R F P R F P R F
LLM 0.743 0.966 0.840 0.754 0.821 0.786 0.774 0.857 0.813
SPBA 0.780 0.790 0.780 0.750 0.790 0.770 0.750 0.760 0.750
GK 0.725 0.872 0.768 0.696 0.827 0.751 0.643 0.658 0.634
LPTK 0.789 0.721  0.753 0.748 0.664 0.702 0.727 0.622 0.671
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